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DESCRIPTION

Field of the invention

[0001] The invention relates to cheese making and more particularly to a process involving
microfiltration of milk, providing a product which is useful in cheese making.

Background of the invention

[0002] Acidification is one of the basic operations in the manufacture of most cheeses.
Acidification is usually production of lactic acid with starter cultures but also chemical
acidification is possible. Acidification affects milk coagulation and the quality of the final
product. Rennet (animal rennet of microbiological rennet) or coagulant, and necessary
additives and ingredients are added to the standardized milk with starter coagulating (or
curdling/- renneting) the casein component of milk system to form a gel (coagulum). After
coagulation, gel is cut to the small cubes/pieces and cheese curd is formed. The curd is
cooked or blended in cheese vat for approximately 1 h depending on cheese type and after
that whey is removed and curd is moulded. The purpose of the vat stage is to provide a
selected cheese type with a suitable granular size. Stirring, heating and other such methods
enable the curd to be treated such that in a subsequent pressing stage high-quality cheese in
terms of water and fat content can be achieved. Moulded cheeses are pressed and brined.
After brining, cheeses are packaged and ripened.

[0003] Filtration techniques can be used in cheese-making to get a better and more energy
efficient process. Advantages of using filtration techniques are increased cheese yield, reduced
rennet addition amount and simplification of cheese making process. During ultrafiltration (UF)
proteins and fats are concentrated to the retentate and part of whey proteins are still retained
in cheese. UF techniques have been used in fresh and soft cheese making since 1974.
However, there are quality problems in hard and semi-hard cheeses since whey proteins have
an effect on cheese flavor and texture formation. UF techniques have not been generally used
in semi-hard and hard cheese making. Whey proteins can be removed using microfiltration
(MF) techniques where casein micelles and fats are concentrated in the retentate and whey
proteins pass the membrane into the permeate. MF techniques make it possible to produce
semi-hard and hard cheeses without disadvantages of whey proteins. However, it is known that
high buffering capacity of MF retentate affects cheese ripening and texture, and viscosity of the
concentrated MF retentate is hard to handle with traditional cheese making equipments.

[0004] Development of microfiltration processes has made it possible to produce full
concentrated pre-cheese having an optimal composition, i.e. fat, casein and lactose contents,
for cheese making. In order to achieve full concentration a concentration process such as
evaporation is needed.
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[0005] US 2003/0077357 A1 discloses microfiltration of skim milk where pH reduction is
carried out during microfiltration. A microfiltration retentate is further processed to Mozzarella
cheese by adding acidulant and rennet to the retentate.

[0006] Drawbacks of the known cheese making processes using various membrane
techniques are associated with the high viscosity of the full concentrated pre-cheese. The high
viscosity impedes significantly the processability of the pre-cheese to a final cheese product,
i.e., making mixing of starter and rennet and dosing of the pre-cheese in cheese production
complex.

Brief description of the invention

[0007] It has now been found a method which significantly reduces the viscosity of a pre-
cheese concentrate produced by microfiltration of milk and thus makes it possible to process
the pre-cheese concentrate under process conditions to a cheese product in an easy manner.

[0008] As used herein, the expression "pre-cheese concentrate" and "full concentrated pre-
cheese" relates to a composition having an appropriate combination of milk components,
specifically a desired Ca:protein ratio for further cheese making.

[0009] Microfiltration of milk provides a casein concentrate as a retentate having optimal fat,
casein and lactose contents for cheese making. The microfiltration retentate is then further
concentrated to full concentrated pre-cheese in order to achieve the final total solids of cheese
to be made from the pre-cheese. The total solids is typical of variety of cheese (for example
54% for Edam).

[0010] It was surprisingly found that pre-acidification of milk restrained the increase of the
viscosity of the pre-cheese concentrate to a significant extent when the acidified casein
concentrate was further concentrated to full concentrated pre-cheese. Without wishing to be
bound by any theory, it is assumed that acidification enhances the solubility of calcium from the
casein micelles and thus diminishes the size of the micelles, resulting in reduced viscosity of
the pre-cheese concentrate.

[0011] The invention provides a method for producing cheese, comprising the steps of:
providing a milk raw material; subjecting the milk raw material to microfiltration and pre-
acidification to produce an acidified casein concentrate, where the microfiltration is performed
prior to the pre-acidification; concentrating the acidified casein concentrate to produce full
concentrated pre-cheese; and processing the full concentrated pre-cheese to a cheese
product.

[0012] In another aspect, the invention provides cheese having a ratio of total content of 3-
lactoglobulin and a-lactalbumin to glycomacropeptide of at most about 1.35.
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Brief description of Figures

[0013]
Figure 1 is a flow diagram showing an embodiment of the method of invention.

Figure 2 is a diagram showing viscosities of the acidified and non-acidified microfiltration
retentates of milk vs. total solids content during microfiltration of the retentates to the full
concentrated pre-cheeses.

Detailed description of the invention

[0014] The invention provides a method for producing cheese, comprising the steps of:

« providing a milk raw material,

» subjecting the milk raw material to microfiltration and pre-acidification to produce an
acidified casein concentrate, where the microfiltration is performed prior to the pre-
acidification,

» concentrating the acidified casein concentrate to produce full concentrated pre-cheese,

» processing the full concentrated pre-cheese to a cheese product.

[0015] Microfiltration is performed prior to pre-acidification, whereby the milk raw material is
subjected to microfiltration to separate a casein concentrate as a microfiltration retentate and
whey proteins as a microfiltration permeate, whereafter the casein concentrate is pre-acidified
to produce the acidified casein concentrate.

[0016] The milk raw material may be milk as such obtained from an animal, such as a cow,
sheep, goat, camel, mare or any other animal that produces milk suitable for human
consumption, or milk that is pre-processed as desired.

[0017] In addition to the aforementioned cheeses, the term "cheese" also refers hereinafter in
the present application to cheese-like products. In a cheese-like product, milk fat and/or protein
is replaced by another suitable fat or protein, or both, partly or completely. Typically, milk fat is
partly replaced by vegetable fat, such as rapeseed oil or fractionated palm oil.

[0018] In the context of the present invention, the milk raw material refers to milk, whey, and
combinations of milk and whey as such or as a concentrate. The milk raw material may be
supplemented by ingredients generally used in producing milk products, such as fat or sugar
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fractions and/or whey and milk protein fractions, e.g. milk protein, whey protein, casein, whey
and milk protein fractions, a-lactalbumin, peptides, amino acids, e.g. lysine. Fat and lactose are
removed from the milk raw material by utilizing different separation techniques. The milk raw
material may thus be, for instance, whole milk, cream, low-fat or skim milk, low-lactose or
lactose-free milk, ultrafiltered milk, diafiltered milk, microfiltered milk, or milk reconstituted from
milk powder, organic milk or a combination of these. Preferably, the milk raw material is skim
milk.

[0019] In an embodiment, the milk raw material is standardized in respect of the fat content
and, if desired, protein content in a manner known in the art prior to microfiltration and/or pre-
acidification. In another embodiment, standardization is performed onto the
microfiltration/diafiltration retentate obtained in the process of the invention before pre-
acidification.

[0020] The milk raw material can be heat-treated prior to subjecting it to microfiltration and/or
pre-acidification. Generally, heat treatment improves the microbiological quality of the milk raw
material. The heat treatment can be performed at a temperature ranging from 50°C to 150°C.
Heat treatment of the milk raw material does not have an adverse effect on the subsequent
curdling of the full concentrated pre-cheese. Examples of heat treatments to be used are
pasteurization, high pasteurization, or heating at a temperature lower than the pasteurization
temperature for a sufficiently long time. Specifically, UHT treatment (e.g. milk at 138°C, 2 to 4
s), ESL treatment (e.g. milk at 130°C, 1 to 2 s), pasteurization (e.g. milk at 72°C, 15 s), or high
pasteurization (95°C, 5 min) can be mentioned. The heat treatment can be either direct (vapor
to milk, milk to vapor) or indirect (tube heat exchanger, plate heat exchanger, scraped-surface
heat exchanger).

[0021] The milk raw material can also be pretreated in order to lower the microbial load from it
in a manner generally known in the art. Pathogenic and spoilage microorganisms removal is
generally carried out by physical separation such as microfiltration, bactofugation or a
combination thereof. The membrane pore size in microfiltration for microorganisms removal is
typically about 1.4 pm.

[0022] For fractionation of a milk component like casein and whey protein with the
microfiltration membrane pore size can range, for example, from 0.05 to 0.5 ym when a
polymeric or ceramic microfiltration membrane is used.

[0023] The microfiltration of the milk raw material retains major portion of the casein in the
retentate whereas a major portion of the whey proteins passes into the 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.

[0024] Microfiltration of the milk raw material is performed in such a manner that the milk raw
material is concentrated by a factor of 1 to 4.5 times by volume, preferably 3.5 to 4.5 times by
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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).

[0025] 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 temperature, filtration pressure, addition of diafiltration
medium (diawater), and/or concentration factor of filtration. Conditions can be changed by one
or more variables.

[0026] In the microfiltration comprising a plurality of microfiltration steps, more than one MF
permeate and retentate fractions may be formed. If desired, these MF permeate fractions may
be combined into a single MF permeate stream. Accordingly, MF retentate fractions may be
combined into a single MF retentate stream.

[0027] Microfiltration of the milk raw material is performed by means of one or more
diafiltration (DF) steps. In the case of diafiltration, the concentration degree in the MF/DF
filtration steps is over 4, preferably 20 to 70, particularly preferably 50 to 70. In an
embodiment, the microfiltration includes two DF steps. A first DF step is advantageously used
to enhance the depletion of the whey proteins of the casein concentrate obtained as a
microfiltration retentate. Typically, 50 to 100% of a-lactalbumin and R-lactoglobulin is removed
after the first DF step. A second DF step is advantageously used to standardize the lactose
content of said retentate to final lactose level of cheese, typically varying in the range from
0.5% to 2%. In an embodiment, lactose is removed substantially entirely from the retentate.

[0028] In the diafiltration steps, any material not substantially containing the substance that
one wishes to remove from the retentate can be used as diawater. For example, tap water,
brine or fractions of different membrane filtration processes of milk, such as NF permeate, UF
permeate, RO retentate, chromatographically separated fraction, a combination of these, or
dilution of any of these can be used as diawater. Said fractions can originate from a single
process or separate processes. In the first DF step of the invention, for example, an UF
permeate obtained from ultrafiltration of milk, an UF permeate obtained from ultrafiltration of a
microfiltration permeate derived from microfiltration of milk, or water are suitable for use as
diawater. In an embodiment, an UF permeate obtained from ultrafiltration of a microfiltration
permeate derived from microfiltration of milk is used as diawater in the first diafiltration step. In
the second DF step, for example, water, brine, an UF permeate obtained from ultrafiltration of
milk, an UF permeate obtained from ultrafiltration of a microfiltration permeate derived from
microfiltration of milk, or a NF permeate obtained from nanofiltration of an ultrafiltration
permeate derived from ultrafiltration of milk are suitable for use as diawater. In an
embodiment, brine is used as diawater in the second diafiltration step.

[0029] The Ilactose-standardized casein concentrate obtained by microfiltration and
diafiltration has the water content of the fat-free part (ROV) of about 50% to 90% by weight.
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[0030] The casein concentrate can be heat-treated in a manner as describe above for the
milk raw material.

[0031] In the present invention, pre-acidification is typically carried out so as to provide a pH
range of about 5.0 to 6.1, preferably less than 6.0, more preferably 5.9 at the most. It is an
essential feature of the method of the invention that the pre-acidification is carried out in a
controlled manner such that no gelling of casein is taken place during the pre-acidification in
order not to increase the viscosity of the casein concentrate.

[0032] The pre-acidification is done microbiologically and/or chemically. Microbiological pre-
acidification may be performed utilizing starter cultures as acidification agents and techniques
known in the field. Chemical pre-acidification is done by adding a chemical starter, organic
acids and/or inorganic acids as an acidifying agent. Examples of these include glucono-delta-
lactone (GDL), citric acid, lactic acid. Natural acids from berries and fruit, such as the benzoic
acid of lingonberry, may also be used in acidification. According to an embodiment of the
invention, the pre-acidification is done by adding a chemical starter, organic acids and/or
inorganic acids. The acid used in the pre-acidification is preferably glucono-delta-lactone.
When using microbiological pre-acidification, it is necessary to make sure that the conditions
required by the used starter bacteria are implemented in terms of nutrients, pH and
temperature, for instance. The pre-acidification can be performed by a mesophilic starter, for
example. The starter is a one-strain, multi-strain, mixed strain or mixed multi-strain starter.
Most usual starters include a mesophilic starter, for example, starters obtained from the
companies Christian Hansen and Danisco. The amount of the starter is conventionally 0.5 to
2%, typically 0.7 to 0.8%.

[0033] The acidified casein concentrate from the pre-acidification can be heat-treated in a
manner as described above for the milk raw material.

[0034] The acidified casein concentrate is concentrated to provide full concentrated pre-
cheese that is suitable for cheese making. In an embodiment of the invention, the
concentration of the acidified casein concentrate is performed by membrane filtration,
evaporation, or both membrane filtration and evaporation. Microfiltration or ultrafiltration can be
used for membrane filtration. In an embodiment, the concentration is performed by
microfiltration. The membrane filtrations can be enhanced by diafiltration, specifically if a pre-
cheese concentrate having low Ca:protein ratio is desired. Low Ca:protein ratio is typical for
soft cheeses. On the other hand, concentration performed by microfiltration followed by
evaporation increases the calcium level and can be utilized for preparing semi-hard cheeses.
Concentration by evaporation provides higher Ca:protein ratios and is typically utilized when
semi-hard or hard cheeses are prepared.

[0035] Concentration of the acidified casein concentrate provides full concentrated pre-
cheese having a ratio of calcium to total protein of 5.0 to 34.0 mg calcium/g total protein. In an
embodiment of the invention, the ratio is 18 to 34 mg calcium/g total protein.
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[0036] Different cheese types have a various amount of calcium that influences the properties
of the final cheese. Typical calcium contents for some cheese types are given in Table 1 below.
The harder the cheese the more calcium it contains.

Table 1. Calcium contents of cheeses

Variety Protein (%) Ca (%) Ca:Protein (mg g™')
Cottage 15 0.08 5.41+0.5
Camembert 22 0.40 18.2+0.5
Edam 25 0.75 29.4+0.9
Cheddar 25 0.80 31.5+0.5
Gouda 25 0.82 32.2+0.7
Emmental 27 0.92 33.1£0.9

[0037] As stated above, the full concentrated pre-cheese obtained in the invention can be
used for making variety of cheese. For example, soft, semi-soft, semi-hard (solid), hard, extra
hard cheeses can be prepared. The expressions soft, semi-soft, semi-hard (solid), hard and
extra hard are strictly defined in FAO/WHO A-6-1968 Codex General Standard for Cheese.
Thus,

soft cheese in the present application refers to cheese whose water content of the fat-free part
is more than 67%,

semi-soft cheese in the present application refers to cheese whose water content of the fat-
free partis 61 to 69%,

semi-hard cheese in the present application refers to cheese whose water content of the fat-
free part is 54 to 63%,

hard cheese in the present application refers to cheese whose water content of the fat-free
part is 49 to 56%, and

extra hard cheese in the present application refers to cheese whose water content of the fat-
free part is less than 51 %.

[0038] The term "cheese" also refers hereinafter in the present application to cheese-like
products. In a cheese-like product, milk fat and/or protein is replaced by another suitable fat or
protein, or both, partly or completely.

[0039] The water content of the fat-free part (ROV) and the total solids of the full concentrated
pre-cheese is adjusted to a level which is desired for a final cheese product.

[0040] Processing the full concentrated pre-cheese produced in the process of the invention
to a final cheese product can be realized in manner known in the art. If desired, an acidifier like
starter, acid, acidogen, for example GDL, and a coagulant, like rennet and chymosin, are
included in the pre-cheese. Different starters and starter mixtures may be used. The most
common starters include a mesophilic starter (lactococcal starter), typically starters by
Christian Hansen or Danisco, propionibacteria, typically Valio PJS, and a taste imparting
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adjunct (mesophilic and/or thermophilic adjunct starter), typically thermophilic Valio Lb 161
(shocked/non-shocked). For example, a mesophilic 0-starter, R-608 by Christian Hansen, is
used as a starter. The starter and its amount depend on the cheese type and the conditions
used. It is known that the amount of bulk starter is usually 0.5 to 2%, typically 0.7 to 0.8%. The
amount of DVS starter (DVS/DVI) is usually 0.001 to 0.2%, typically 0.01 to 0.05%. In addition
to a bulk starter, the method of the invention may use, for example, LH-32, BS-10 and CR-312
by Christian Hansen as such or in different combinations and amounts depending on the
cheese and cheese-like product to be made as additional starters to impart taste. Alternatively,
taste imparting adjunct starters may be added substantially simultaneously with milk- and/or
whey-based minerals.

[0041] When ripened cheeses are prepared, salting is performed prior to ripening, for
example with brine or milk- and/or whey-based minerals. In an embodiment of the invention,
salting is performed prior to evaporation of the acidified casein concentrate to the full
concentrated pre-cheese. In another embodiment, salting is performed after the evaporation
simultaneously with the addition of an acidifier and coagulant.

[0042] The method of the invention provides cheeses having a ratio of total content of [3-
lactoglobulin and a-lactalbumin to glycomacropeptide of at most about 1.35.

[0043] Fig. 1 illustrates an embodiment of the method of the invention. Standardized milk is
subjected to microfiltration (MF) including two diafiltration (DF) steps to produce a casein
concentrate. An ultrafiltration (UF) permeate obtained from ultrafiltration of milk is used as
diawater in the first DF step, and water is used as diawater in the second DF step. The casein
concentrate is subjected to pre-acidification and then further to concentration with filtration to
produce full concentrated pre-cheese. If desired, the concentration with filiration can be
continued with evaporation, as shown by a dashed line in the figure. When evaporation is
used, salt is added to cheese mass prior to evaporation. The full concentrated pre-cheese is
processed to a cheese product by adding starters, coagulant and salt thereto. The pre-cheese
is transferred to a mould, coagulated and ripened therein to a cheese product.

[0044] In accordance with the invention, the cheese may be made either as a continuous
cheese making process or as batches. The volume of a batch may vary depending on general
conditions and available means. The method of the invention is preferably carried out
continuously.

[0045] In another aspect, the invention provides cheese having a ratio of total content of 3-
lactoglobulin and a-lactalbumin to glycomacropeptide of at most about 1.35.

[0046] The following examples are presented for further illustration of the invention.

Example 1
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[0047] Raw milk was partially-skimmed and the fat-protein ratio was standardized to a desired
ratio typical for each cheese type prepared in Examples 1.1, 1.2. and 1.3 below. The
standardized raw milk was pasteurized at 72°C for 15 s. Microfiltration was carried out by
concentrating the standardized and pasteurized milk at 50°C by recirculating the milk through
spiral-wound membranes with an 800-kDa molecular cutoff membrane. The feeding pressure
of the raw milk was 40 kPa and the pressure difference was 80 kPa over the membrane.

[0048] Milk was concentrated by microfiltration to concentration factor 4 before diafiltration.
Two separate diafiltration steps were then used. The first diafiltration was performed by using
1.6-fold, based on the used amount of the feed, ultrafiltration permeate obtained from
ultrafiltration of a microfiltration permeate of the milk. The second diafiltration step was
performed by using 0.28-fold brine (0.5% w/v NaCl) based on the used amount of the feed.
After the diafiltration steps, the microfiltration retentate was pasteurized at 95°C for 15s.

[0049] The retentate obtained from diafiltration was inoculated with 0.1% (w/w) of R-608
starter cultures (from Christian Hansen) and incubated at 33°C for 3 hours. After incubation,
pH of the retentate was 5.7. The acidified retentate was further processed to cheese with three
separate methods illustrated in Examples 1.1, 1.2 and 1.3 below.

Example 1.1 (concentration with filtration, no evaporation)

[0050] The acidified retentate obtained from Example 1 was heated to the filtration
temperature (50°C) prior to concentrating it with microfiltration. The microfiltration was
performed with a ceramic microfiltration membrane with molecular cutoff of 0.1 ym to provide
full concentrated pre-cheese as a microfiltration retentate. Microfiltration was performed at
50°C by recirculating the retentate through membrane and permeate through permeate site of
membrane. Uniform transmembrane pressure (TMP) was 70 kPa. The feed was concentrated
to concentration factor 2.

[0051] The composition of the initial feed, i.e. standardized milk, the casein concentrate and
the full concentrated pre-cheese are shown in Table 2.

Table 2
Standardized{ Retentate from Concentration with microfiltration, no
milk Ex. 1 (casein evaporation
concentrate) Non-acidified § Full concentrated pre-
reference (pH § cheese (invention) pre-
6.6) acidified (pH 5.75)

Total 16.5 36.0 51.8 51.8

solids

(%)

Fat (%) 4.6 15.5 29.0 29.0

ROV 87.5 75.7 67.9 67.9
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Standardized{ Retentate from Concentration with microfiltration, no
milk Ex. 1 (casein evaporation
concentrate) Non-acidified § Full concentrated pre-
reference (pH § cheese (invention) pre-
6.6) acidified (pH 5.75)

(%)

Total 3.6 10.0 18.0 18.0

protein

(%)

Casein 2.8 9.5 16.7 16.7

(%)

Whey 0.8 0.5 1.3 1.3

protein

(%)

Viscosity - 4 2490 200

(mPas)

Lactose 4.7 0.9 0.3 0.3

(%)

Ca:Prot 9.7 30.0 29.0 23.0

(mg/g)

[0052] The results given in Table 2 show that the calcium content of casein concentrate can
be reduced by further concentration by means of microfiltration. Further, pre-acidification
clearly reduces the viscosity of the full concentrated pre-cheese.

[0053] After microfiltration, a mesophilic starter (0.7%), for example Hansen PR1, and a
sufficient amount of a coagulant (rennet), and salt were added to the full concentrated pre-
cheese for preparing soft cheese having typically protein content of less than 20%. The cheese
mass thus obtained was transferred into a mould, coagulated and ripened for 5 to 8 weeks
therein.

Example 1.2 (concentration with filtration and evaporation)

[0054] The acidified retentate obtained from Example 1 was heated to the filtration
temperature (50°C) prior to concentrating it with microfiltration. The microfiltration was
performed with a ceramic microfiltration membrane with molecular cutoff of 0.1 um. The
microfiltration was performed at 50°C by recirculating the retentate through membrane and
permeate through permeate site of membrane. Uniform transmembrane pressure (TMP) was
70 kPa. The feed was concentrated to concentration factor 2.

[0055] After microfiltration, salt was added to the microfiltration retentate. The retentate was
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then evaporated at 70°C and at 1 bar vacuum by using a Stephan-vat to provide full
concentrated pre-cheese as a microfiltration retentate.

[0056] The composition of the initial feed, i.e. standardized milk, the casein concentrate and
the full concentrated pre-cheeses (after concentration with microfiltration, and after
concentration with microfiltration and evaporation) are shown in Table 3.

Table 3
Standardized] Retentate Concentration with Concentration
milk from Ex. 1 Microfiltration (no with
(casein evaporation) microfiltration
concentrate) and evaporation
Non- Full Full
acidified { Concentrated concentrated
reference; pre-cheese pre-cheese
(pH 6.6) §{ (invention) pre- { (invention) pre-
acidified (pH acidified (pH
5.75) 5.75)
Total 11.7 21.0 37.3 37.0 54.0
solids
(%)
Fat (%) 2.4 8.5 15.7 16.2 23.6
ROV 90.5 86.3 74 .4 75.2 60.2
(%)
Total 3.6 10.1 19.1 18.5 27.0
protein
(%)
Casein 2.8 9.5 18.0 17.4 254
(%)
Whey 0.6 0.5 0.9 0.9 1.3
protein
(%)
Viscosity - 4 2380 80 2030
(mPas)
Lactose 4.6 0.8 0.57 0.4 0.6
(%)
Ca:Prot 30.0 28.9 27.3 27.3
(mg/g)

[0057] The results given in Table 3 show that the calcium content of casein concentrate can
be reduced by further concentration by means of microfiltration, and microfiltration and
evaporation. Further, pre-acidification clearly reduces the viscosity of the full concentrated pre-
cheese.
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[0058] After evaporation, a mesophilic starter (0.7%) CH 19 and a sufficient amount of a
coagulant (rennet) were added to the full concentrated pre-cheese for preparing Edam
cheese. The cheese mass was cut into rectangular blocks of approximately 2 to 3 kg and
transferred into a mould, pressed for 1 to 2 hours and packed into ripening bags, put into
boxes, arranged on pallets and ripened for 5 to 8 weeks. The ripe cheese may be sliced,
grated or further packed into consumer packages.

Example 1.3 (concentration by evaporation)

[0059] The acidified retentate obtained from Example 1 was evaporated at 70°C and at 100
kPa vacuum to provide full concentrated pre-cheese as a microfiltration retentate.

[0060] The composition of the initial feed, i.e. standardized milk, the casein concentrate and
the full concentrated pre-cheese are shown in Table 4.

Table 4
Standardized{ Retentate from Ex. 1 Evaporation
milk (casein concentrate) Full concentrated pre-cheese
(invention) pre-acidified (pH

5.75)

Total solids 15.8 18.0 62.3

(%)

Fat (%) 4.2 8.7 30.0

ROV (%) 87.9 89.8 53.9

Total 3.6 8.4 29.0

protein (%)

Casein (%) 2.8 8.0 27.6

Whey 0.6 04 1.4

protein (%)

Viscosity - 3 3870

(mPas)

Lactose 4.6 0.1 0.3

(%)

Ca:Prot 9.7 33.0 33.0

(mg/g)

[0061] After evaporation, a mesophilic starter (0.7%) CHN 19, a propionic bacterium Valio
PJS, a taste-giving adjunct Valio Lb 161, and a sufficient amount of a coagulant (rennet) were
added to the full concentrated pre-cheese for preparing emmental cheese. The cheese was
transferred into a mould, pressed and ripened. The ripe cheese may be sliced, grated or
further packed into consumer packages.
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Example 2

[0062] Raw milk was skimmed and pasteurized at 72°C for 15 s. Microfiltration was carried out
by concentrating the skimmed and pasteurized milk at 15°C by recirculating the milk through
spiral-wound membranes with an 800-kDa molecular cutoff membrane. The feeding pressure
of the raw milk was 40 kPa and the pressure difference was 80 kPa over the membrane.

[0063] Milk was concentrated by microfiltration to concentration factor 4 before diafiltration.
One diafiltration step was then used by using 1.6-fold, based on the used amount of the feed,
ultrafiltration permeate obtained from ultrafiltration of a microfiltration permeate of the milk.
After the diafiltration step, the microfiltration retentate was pasteurized at 95°C for 15 s. The
retentate was standardized with heat-treated cream (95°C for 15 s) to get fat:protein ratio
standardized to a desired ratio typical for each cheese type prepared in Examples 1.1, 1.2. and
1.3 above.

[0064] The retentate obtained from diafiltration was inoculated with 0.1% (w/w) of R-608
starter cultures (from Christian Hansen) and incubated at 33°C for 3 hours. After incubation,
pH of the retentate was 5.7 The retentate was further processed to cheese with three separate
methods illustrated in Examples 1.1, 1.2 and 1.3 above.

Example 3

[0065] Raw milk was skimmed and pasteurized at 72°C for 15 s. Microfiltration was carried out
by concentrating the skimmed and pasteurized milk at 15°C by recirculating the milk through
spiral-wound membranes with an 800-kDa molecular cutoff membrane, with simultaneous
adding glucono-delta-lactone. The feeding pressure of the raw milk was 40 kPa and the
pressure difference was 80 kPa over the membrane.

[0066] Milk was concentrated by microfiltration to concentration factor 4 before diafiltration.
One diafiltration step was then used by using 1.6-fold, based on the used amount of the feed,
ultrafiltration permeate obtained from ultrafiltration of a microfiltration permeate of the milk.
After diafiltration step, pH of the retentate was 5.7. The pre-acidified microfiltration retentate
was pasteurized at 95°C for 15 s. The retentate was standardized with heat-treated cream
(95°C for 15 s) to get fat:protein ratio standardized to a desired ratio typical for each cheese
type prepared in Examples 1.1, 1.2. and 1.3 above.

[0067] The retentate obtained from diafiltration was further processed to cheese with three
separate methods illustrated in Examples 1.1, 1.2 and 1.3 above.

Example 4
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[0068] This Example shows the favorable effect of pre-acidification on the viscosity of a casein
concentrate during evaporation thereof. The casein concentrate was prepared as described in

Example 1.
Table 5
Standardized{ Retentate from During evaporation
milk Ex. 1(casein ™ 1otarsolids 27% | Total solids 45%
concentrate)
Non- {Acidified Non- {Acidified
acidified acidified
Total 1.7 21.0 27.0 27.0 45.0 45.0
solids
(%)
Fat (%) 2.4 8.5 10.6 10.8 18.4 17.4
Total 3.6 10.1 13.2 13.5 22.9 21.7
protein
(%)
Casein 2.8 95 12.5 12.7 21.6 20.5
(%)
Whey 0.6 0.5 0.6 0.6 11 1.0
protein
(%)
Viscosity - 4 9 16 2220 650
(mPas)
Ca:Prot 30 31.8 31.8 31.8 31.8
(mg/g)

[0069] The results show that evaporation of the pre-acidified cheese concentrate does not
give rise to increase in viscosity contrary to the non-acidified cheese concentrate.

Example 5

[0070] Fig. 2 shows viscosities of the acidified and non-acidified casein concentrates vs. total
solids when concentration of the concentrates was further proceeded with microfiltration in
order to produce full concentrated pre-cheeses. The diagram shows that pre-acidification
retains the viscosity of the concentrate essentially constant whereas the viscosity of the non-
acidified concentrate increases significantly during further concentration.

[0071] It was further found that without pre-acidification of the casein concentrate it was not
possible to prepare full concentrated pre-cheeses having ROV of less than 65% suitable for
semi-hard and hard cheeses like edam and emmental, since the viscosity of the concentrate
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increased exponentially as high as to a level over 10000 mPas. That means that the non-
acidified concentrate having said ROV value is no more liquid wherefore addition of a rennet to
produce cheese is not possible.

[0072] The invention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims.
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Patentkrav

1. Fremgangsmade til fremstilling af ost, omfattende trinnene:
- at tilvejebringe et maelke-ramateriale,

- at udsaette maelke-ramaterialet for mikrofiltrering (MF) for at separere
kasein i et mikrofiltreringsretentat og valleproteiner i et

mikrofiltreringspermeat,

- at udfgre mikrofiltreringen ved hjaelp af ét eller flere diafiltrerings (DF) -
trin for at tilvejebringe et kaseinkoncentrat som et diafiltrerings-retentat,
hvor den totale koncentrationsgrad i MF-/DF-trinnene er over 4, hvorefter
kaseinkoncentratet prae-forsures til at fremstille et forsuret
kaseinkoncentrat, hvorefter det forsurede kaseinkoncentrat koncentreres
for at fremstille fuldstaendig koncentreret pras-ost,

- at behandle den fuldstandig koncentrerede pras-ost til et osteprodukt.

2. Fremgangsmaden ifglge krav 1, hvor mikrofiltreringen inkluderer to
diafiltreringstrin, hvor et UF-permeat opndet fra ultrafiltrering af maelk, et UF-
permeat opnéet fra ultrafiltrering af et mikrofiltreringspermeat afledt fra
mikrofiltrering af maelk eller vand, fortrinsvis et UF-permeat opnaet fra
ultrafiltrering af et mikrofiltreringspermeat afledt fra mikrofiltrering af maelk,
anvendes som diavand i det fgrste trin, og vand, saltvand, et UF-permeat opnaet
fra ultrafiltrering af maelk, et UF-permeat opnaet fra ultrafiltrering af et
mikrofiltreringspermeat afledt fra mikrofiltrering af meelk, eller et NF-permeat
opnaet fra nanofiltrering af et ultrafiltreringspermeat afledt fra ultrafiltrering af
meaelk, fortrinsvis saltvand anvendes som diavand i det andet trin for at
tilvejebringe et laktose-standardiseret kaseinkoncentrat.

3. Fremgangsmaden ifglge krav 2, hvor vandindholdet af den fedtfrie del (ROV) af
det laktose-standardiserede kaseinkoncentrat er omkring 50 til 90 veegtprocent.
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2

4. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
maelke-ramaterialet, kaseinkoncentratet og/eller det forsurede kaseinkoncentrat
udsaettes for en varmebehandling ved en temperatur i omradet fra 50 °C til 150
°C.

5. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor det
forsurede kaseinkoncentrat har en pH-vaerdi pa omkring 5,0 til 6,1, fortrinsvis
mindre end 6,0, mere fortrinsvis hgjst 5,9.

6. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
koncentrationen af det forsurede kaseinkoncentrat udfgres ved membranfiltrering
og/eller fordampning, fortrinsvis ved filtrering for at fremstille fuldstaendig
koncentreret prae-ost.

7. Fremgangsmaden ifglge krav 6, hvor membranfiltreringen er mikrofiltrering

eller ultrafiltrering, fortrinsvis mikrofiltrering.

8. Fremgangsmaden ifglge krav 7, hvor mikrofiltreringen udfgres ved brug af

diafiltrering.

9. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor den
fuldstaendig koncentrerede prae-ost har et calcium-til-total-protein-forhold p& 5 til

34 mg calcium/g total protein, fortrinsvis 18 til 34 mg calcium/g total protein.

10. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor et
forsuringsmiddel og/eller et koaguleringsmiddel tilsasttes til den fuldstaendig

koncentrerede prae-ost for at fremstille osteproduktet.

11. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor
osteproduktet har et forhold mellem totalt indhold af B-lactoglobulin og a-

lactalbumin til glycomakropeptid pa hgjst omkring 1,35.
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