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Annomauus

Kazeun monoka obradaem eadicuvimu ceoticmeamu, Komopwvie 00yClasiueam
wWupoxoe npumeneHue OAHHO20 DeNKa 6 NPOMbIULIEHHOCMU U NOBLIUEHHBI UHMepeC K e20
U3YUEeHUI0 cO CMOPOHbLL ucciedosameinei. Hcciedoganus cmpykmypbl Ka3euna 6 HAmueHOM
COCMOSIHUU OOHAPYICUTU €20 MUuyelisapuyro cmpykmypy. Ilpucymcmeue KpynHulx UOHO8
NPUBOOUM K YBelUUeHuro 00vemMa Muyeil, d NOOKUCIeHue cpedvl — ymeHvuienuro. Ilpu
xpanenuu  cnocoonocmo KMK « pecudpamayuu u  pacmeopenuro  NOHUICAEMCH,
Habnooalomes  azpeeayuss u 0e2padayusi CMpPYKmMypol, ¢ HOSbIUEHUEM MeMNepamypol
XpaHeHusi Smu  NoKazamenu mMaxdxice 3AMemHO  CHudicaiomcs. TepmocmabuibHOCHb
MakcumanvHa 6onusu Hetimpaavnoz2o ypoeus PH. KMK obaradaem cene- u nenoobpaszyrowumu
ceoticmeamu. B npucymcemeuu mpaucenymamunazvl noGululaemcs: YCmouuyueocms MUye.
Taxum oce obpaszom Oeticmgyem u NOBbIUEHHOE OAGIeHUe — 8pPeMsl KOA2yasayuu Muye
yeenuuusaemces. [losepxHocmuas axmueHocms u 2UOPOPUILHOCb MUYELISAPHO20 KaA3eUHa
HaNpsmMyIo 3a6UCAm OM CMeNneHu azpe2ayuu Muyeil, yem OHa MeHbule, meM 8bllle 3HAYEHUs
amux noxazameineu. OpeanoienmuyecKkue nokazamenu 0aHHO20 npenapama OJ1a20NPUSMHbL.

bnazooaps evicokomy codepacanuro berka u ocobennocmam e2o yceosiemocmu KMK
AKMUBHO NPUMEHSEeMCsT NpU NPOU3800CMEe CNeYUdIU3UpoO8aHH020 NUMAHUS, HANpumep,
ouemuyecko2o, CnopmugHozo, demckoz2o u m.o. Ilpoyecc nonyuenus tiocypma, decepmos,
Cblpo8 (naasnenvix U meepovlix) npedcmasnsem coOOU azpecayuio Ka3euHa MON0KAd 8
PA3TUYHOU CMeNneHU, UCNONb308aHUe KOMMEPUECKU OOCMYNHbIX NPEenapamos Muyeiisiphoco
KaseuHa no3eojisem 0eiams npoyecc npou3soocmsea Oojee KOHmMpOoIUpyemviM U nogbluiaem
Kauecmeo 20mosvlx npoodykmos. B msconepepabamvigarowet npoMbIULIEHHOCMU AKIMUBHO
NPUMEHSAIOMCA  (DYHKYUOHATIbHBIE 000asKU, codepicawjue MON0YHble OeNKU U Kaseul, 8
YACMHOCMU, O00HAKO OMCYMCMBYIOM OAdHHble O 6HEeCeHUU 6 (QYHKYUOHAbHbIE CMeCU
MUYENTAPHO20 KA3eUHa 8 Kauecmsae UHOUBUOYATbHO20 KOMINOHEHMA.

Ilpuseden nodpodHLIL  anaAIU3 OAHHLIX  KACAMENbHO  QUBUKO-XUMUYECKUX U
MEXHONOSULEeCKUX — CBOUCME  KOHYEHmpama  MUYeIapHOo20  KA3euHd, MmaxKux  Kax
MmepmMoCmadulbHOCMb, — PACMBOPUMOCHb,  81A20YOEPIHCUBAIOWAL U 2ene0dpa3yiouast
CHOCOOHOCMU, NOBEPXHOCMHO-AKMUBHblE CBOUCMBA, NeHOo0Opa30éaHue U GluUsHUe Ha
opeanonenmuieckue Ceoucmea npooykmos. Paccmompenvi umerowuecs npumepvl €20
NPUMEHEHUs. 6 PA3IUYHbIX OMpACsAX NUWEBOl NPOMBIUICHHOCIU. 6 NPOU3B00Cmae
8bICOKOOEIKOBLIX U HU3KOV2IIEB0OHBIX HANUMKOS, CHOPMUBHO20 NUMAHUs, UOSYPMO8 U
decepmos, meepobviX U NIAGIEHbIX CbIPO8, A MAKdice 8 Msaconepepabomxke.
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Abstract

Milk casein has important properties that ensure the widespread use of this protein in
industry and increased interest in its study by researchers. Studies of the structure of casein in
its native state have revealed its micellar structure. The presence of large ions leads to an
increase in the volume of micelles, while acidification results in a decrease. During storage,
the ability of MCC to rehydrate and dissolve reduces, aggregation and degradation of the
structure are observed, with an increase in storage temperature, these indicators noticeably
decrease. Thermal stability is greatest near neutral pH. MCC has gel and foaming properties.
In the presence of transglutaminase, the stability of micelles rises. In the same way, under the
increased pressure — the coagulation time of micelles increases. The surface activity and
hydrophilicity of micellar casein directly depend on the degree of aggregation of micelles, the
lower it is, the higher the values of these indicators. The organoleptic characteristics of this
additive are favorable.

Due to the high content of protein and the peculiarities of its digestibility, MCC is
actively used in the production of specialized nutrition, for example, dietary, sports,
children's, etc. The process of producing yogurt, desserts, cheeses (processed and hard) is an
aggregation of milk casein to varying degrees, the use of commercially available micellar
casein makes it possible to make the production process more controlled and improves the
quality of final products. In the meat processing industry, functional additives containing milk
proteins and casein are actively used, however, there are no data on the introduction of
micellar casein into functional mixtures as an individual component.

A detailed analysis of the data regarding the physicochemical and technological
properties of micellar casein concentrate, such as thermal stability, solubility, water-
retaining and gelling abilities, surface-active properties, foaming and influence on the
organoleptic properties of products, is given. The existing examples of its application in
various fields of the food industry are considered: in the production of high-protein and low-
carbohydrate drinks, sports nutrition, yoghurts and desserts, hard and processed cheeses, as
well as in meat processing.

Key words: micellar casein concentrate, milk proteins, dairy products, functional
additives, physicochemical properties, technological properties.

There are two main groups of milk proteins — caseins and whey proteins. Due to the
ease of isolation, milk proteins became the object of research at the very beginning of the
emergence of protein chemistry, and the term "protein” was proposed as early as 1838 by
Melder [9]. However, it was only in the second half of the 20th century that the properties of
these proteins began to be studied in detail, on the basis of which, in 1979, Morr described
possible ways of using them [15]. There is a high nutritional value of milk proteins,
emulsifying, stabilizing, water-retaining, gelling and foaming abilities, etc. This opens up
great opportunities for the use of milk proteins in food production. At the same time, whey
proteins have more unambiguous properties and therefore have been studied to a greater
extent. In the case of casein, the situation is complicated by the fact that its properties vary
greatly depending on the method of isolation. This article discusses the use of casein in the
native "micellar” state.

If, when studying the properties of whey proteins, their molecules in the vast majority
of cases are in a state close to native, then in the case of casein, most attention is paid to
studying the properties of casein processing products. These include various caseinates, acid,
rennet caseins, etc. This is due to the fact that initially casein was a homogeneous structure,
and only at the beginning of the 20th century was its heterogeneity discovered. Over time,
scientists came to the conclusion that casein contains & S;-and o S 5, 8 -, and « - caseins [25].
At the same time, the micellar nature of casein was discovered, this discovery led to the
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development of a number of studies devoted to the study of the structure of micelles.
Discussions on this topic do not stop until now, but it is generally recognized that micelles are
formed due to electrostatic interactions of charged amino acid residues of casein proteins with
a calcium phosphate complex (it contains most of the calcium and phosphorus of milk), as
well as non-valent interactions of various nature between these proteins. For a long time, the
isolation of casein in its native state was a rather difficult task, and only with the introduction
of membrane milk fractionation processes into production, it was possible to obtain
preparations such as micellar casein isolate and micellar casein concentrate (MCC) [7]. If the
properties of various casein derivatives, for example, sodium and calcium caseinates, are
sufficiently well studied and widely used [11], then such studies for micellar casein
preparations began to be carried out only in recent decades. Currently, research in this area is
actively developing.

The great interest in micellar casein concentrates and the possibility of its use in many
industries are associated with the unique properties of this product. The functional properties
of MCC are similar to those of milk protein concentrate, and the existing differences, for
example, greater thermal stability, are due to the reduced content of whey proteins in MCC.
The properties of casein micelles have been studied in various studies [6, 10]. The works
showed that the addition of sodium chloride led to an increase in the volume of casein
micelles, while a decrease in pH from 6.5 to 5.5 had the opposite effect. Another study of
micelle structure recovery was carried out by Schokker, who found that the rehydration
capacity of MCC decreases over time at 30°C due to changes in the intermolecular bonds of
micelles. By varying the type of membranes used to isolate MCC, as well as using the
diafiltration method, MCC preparations of various compositions are obtained. Increasing the
whey protein content of MCC and increasing the temperature will decrease the viscosity,
while increasing the casein content will have the opposite effect. When studying the thermal
stability of MCC, it was found that in the temperature range from 110 °C to 150 °C and at pH
less than 6.7, MCC aggregation occurs. However, MCC becomes more stable and does not
aggregate at pH values greater than 6.9 [20]. The solubility of concentrated MCC increases as
the temperature rises to 50°C. At low temperatures (<20 °C) more time is needed for a
sufficient level of solubility. During storage of MCC, its solubility decreases, while a change
in color and darkening occurs [16]. It forms a gel at room temperature and the addition of
sodium chloride improves this functional property [14]. Such properties of MCC, as the yield
and stability of the resulting foam, turned out to be higher than for other dairy products.
Volume, surface area, foam stability and yield strength decrease as it dries, this especially
affects foam stability, which may be due to the denaturation of whey protein, which is still
present in MCC preparations. However, the heat stability of neither liquid nor dried protein is
affected.

Recently, new approaches have been used to study the properties of MCC. The effect
of transglutaminase on various functional properties of casein micelles was studied. The
enzyme transglutaminase increased resistance to the action of alcohols and elevated
temperatures. Despite this, the solubility of MCC decreased upon hydration in water at room
and elevated temperatures [19]. MCC was also subjected to high-pressure and ultrasonic
treatment. It has been found that the application of elevated pressure leads to the formation of
liquid gels and an increase in coagulation time under the action of rennet. On the other hand,
the use of ultrasound increased the electrical conductivity, solubility, emulsibility, gelling,
and hydrophobicity of the surface as the time of ultrasonic treatment increased [4].

Micellar casein exhibits hydrophilic and surface-active properties to varying degrees,
depending on the degree of micelle aggregation. Therefore, the values of these properties for
sodium caseinate, for example, differ significantly from those for casein in the native state
[18]. There are not many works devoted to the emulsifying and foaming properties of casein
micelles. For example, in a study [12], these properties were studied for micellar casein
depending on the degree of aggregation. It has been shown that aggregated micelles
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practically do not show surface activity, and with an increase in the degree of their
dissociation, the activity increases. Micellar dissociation can be achieved using various
chelating agents such as citrates, phosphates or EDTA, also called emulsifying salts. Under
the action of these compounds, calcium ions are bound, including those in the composition of
calcium-phosphate complexes. This leads to the disaggregation of micelles, an increase in
thermal stability, and a number of other consequences that are important from a technological
point of view. This technique is actively used in the production of processed cheeses.

According to organoleptic characteristics, MCC is characterized by a mild or almost
imperceptible taste. Rennet and acid caseins tend to have more intense aroma, cardboard
flavor, feed flavor and other organoleptic defects. This further expands the scope of
application of MCC [5].

MCC is used in the production of many dairy and non-dairy products due to its high
nutritional value, mild taste, physicochemical and functional properties.

The possibility of using MCC in the production of high-protein and low-carbohydrate
drinks is being actively explored, since it contains a large amount of protein, and the lactose
content is minimized [23]. Moreover, due to the unique micellar structure of caseins in MCC,
it acts as a stable delivery system for calcium and phosphorus, which retains its stability at
high temperatures. As a result, it can be used in the production of protein-fortified beverages
that require sterilization to increase the shelf life of these products. MCC also has a subtle
flavor and can provide the same flavor as 1.5-2% fat milk, making it suitable for low-fat
versions of these drinks. A number of works show the effectiveness of the use of MCC in the
nutrition of athletes as a source of so-called "slow" proteins [3, 22].

MCC has found application in the production of yogurt and desserts. Yogurts are made
by "coagulation” of casein in milk, using starter culture to reach a pH of 4.6 (isoelectric
point). MCC is a good source of protein for enriching the milk base of yogurt due to its
nutritional value and functional properties. Fortification of yogurt with this protein has been
found to improve its rheological and physical properties. American scientists have used MCC
to make Greek yogurt [2]. They noticed that adding MCC increased the rate of acidification
when making Greek yogurt compared to using regular milk. The reason for this phenomenon
is the higher content of non-protein nitrogen in milk enriched with MCC. In the works of
Russian scientists [27, 28], micellar casein was used in the production of a frozen dessert for
sports nutrition and high-protein ice cream.

Another area of application for MCC is the production of cheese. They are produced by
precipitation of milk casein by the action of rennet (cheddar and mozzarella) or acid (cottage
cheese or sour curd cheese). MCC is used for milk enrichment or as a substitute for milk in
cheese production. Micellar casein obtained by microfiltration [17] makes it possible to obtain
cheeses with high yields and modify their properties. In many cases, it is also important to
investigate the influence of various factors on side processes. Thus, in [14], we studied how a
change in the concentration of protein, calcium, and pH affects the process of spontaneous
cold coagulation of micellar casein. The introduction of casein in the preparation of cheeses
increases the total amount of nitrogen-containing compounds, calcium and phosphates, as
well as buffering capacity. In a study [21], to achieve pH 4.6, 1.2-1.4 times more lactic acid
was required compared to the control sample. A number of works are devoted to the
development of technology for the production of various types of cheese using MCC [1, 7,
26]. For example, cheddar cheese was obtained with partial and complete replacement of milk
with micellar casein concentrates, the organoleptic characteristics of which were close to the
control sample. Similar conclusions were reached in [13], the authors of which believe that
the use of MCC is very promising in the production of hard cheeses with controlled
properties. In the production of feta cheese, MCC preparations of various concentrations were
used, which made it possible to get rid of the stage of whey removal, organoleptic indicators
deteriorated, but slightly, the product yield was increased.
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Micellar casein preparations are also widely used in the production of processed
cheeses and processed cheese products. Processed cheese production has been actively
developing in recent years, and therefore a lot of research is aimed at finding new approaches
to process optimization. As already mentioned, the technological properties of this product are
largely due to the interaction of emulsifying salts on casein micelles. If initially ready-made
cheeses were used in production, in which the depth of rennet fermentation and, accordingly,
the state of casein micelles varied greatly, then recently there has been a tendency to
manufacture processed cheeses using MCC, in which this parameter is controlled [24]. The
use of native casein preparations makes it possible to achieve the desired characteristics of the
composition, texture, structure, meltability and stability of the products obtained. MCC was
also used to obtain processed cheese products without emulsifying salts when combined with
whey proteins in a given ratio [8].

As shown in [29], milk proteins are also widely used in the meat industry. The most
commonly used concentrates and isolates of whey proteins, various caseinates, coprecipitates,
milk powder and some others. At the same time, casein in its native state is found only in the
composition of milk powder. To study the effect of micellar casein, which is one of several
components of milk powder, on the properties of the emulsion is a rather difficult task,
because such studies are practically not found. The deterioration in the quality of milk powder
in Russia, which is noted by manufacturers and scientists, further complicates this task [30].
Obviously, the use of MCC, which, in fact, is a monocomponent preparation, will allow us to
study the effect of casein micelles on the properties of meat emulsions. In our opinion, the
study of this issue will allow us to develop effective approaches to the use of MCC in the
meat industry, both individually and as part of functional modules. The relevance of such
studies is also confirmed by the fact that in the domestic literature there are works devoted to
obtaining MCC and studying his properties [31].
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