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Abstract

High-quality food products play an important role in a healthy lifestyle in the modern world.
Cow’s milk and milk products contain all the essential nutrients. The main components of milk are
water, fat, protein, lactose, minerals, vitamins, etc. (P.C. Wynn et al., 2013). With the advent of A2
milk on the market, which reduces the symptoms of lactose intolerance and has good digestibility, the
population’s demand for this product began to grow. A2 milk is obtained from cows of the A2 genotype
for B-casein. Cow's milk is 3.5 % protein (P. Feng et al., 2020). Casein is the most important protein
component of milk and makes up about 80 % of the total protein composition of cow’s milk. Casein
consists of four fractions, the asl, as2, B and k. B-Casein is a protein that is one of the main ones in
cow’s milk and makes up most of all casein. B-Casein consists of 209 amino acid residues, of which
16.7 % is proline, evenly distributed over the polypeptide, which limits the formation of the a-helix
(S. Pattanayak, 2013). More than 95 % of casein in milk is in micellar form. The B-casein gene has
13 allelic variants, among which types A/ and A2 are the most studied, differing in the sequence of
amino acids in the primary structure. Since the primary structure of the protein is different, A1 and
A2 B-caseins broken down in the human gastrointestinal tract form different bioactive peptides. For
Al allele, B-casomorphin-7, a peptide consisting of seven amino acid residues is formed. The level of
this peptide is 4 times higher in Al milk than in A2 milk. When using milk containing B-casein type
Al, 12 h after consumption, people may experience bloating, abdominal pain, flatulence, heaviness in
the stomach, changes in the frequency and consistency of stools, in some cases, symptoms of celiac
disease. Consumption of milk containing type Al B-casein leads to a significantly longer transit time
through the gastrointestinal tract (6.3 hours longer), inflammation of the small intestine and inflam-
mation of the gastric mucosa compared to drinking milk containing Al type of B-casein. People with
lactose intolerance have adverse gastrointestinal symptoms after drinking milk, which may be associated
with the presence of B-casein Al in milk, and not with lactose itself (H. Briissow, 2013; D. Hu et al.,
2014). Unlike variant Al, B-casein A2 increases 2-gold the natural production of glutathione, one of
the most important antioxidants of the human body.

Keywords: casein, B-casein, Al milk, A2 milk, cow’s milk, milk proteins

Cow's milk and dairy products are an important part of the traditional diet
of people in many countries around the world. The variety of dairy products is
due to the chemical composition of milk, the main components of which are
water, fat, protein, lactose, minerals, and vitamins [1].

In the modern world, disease prevention and a healthy lifestyle play an
important role, so agricultural and food companies are interested in supplying
high-quality products to the market [2-4]. With the advent of A2 milk on the US



market in 2015, which reduces the symptoms of lactose intolerance and has good
digestibility, public demand for this product began to grow. A2 milk is produced
by cows of the A2 genotype for B-casein [5, 6].

Currently, molecular genetics methods identify genes that control certain
useful traits of farm animals [7-9]. The study of polymorphism of milk protein genes,
in particular B-casein is of significant interest for population genetic research.

The purpose of the presented review is to summarize new data on -casein
of cow’s milk which have been obtained over the past few years due to a more in-
depth study of both the biochemical properties of milk and dairy products, and
the genetic characteristics of animals.

The digestibility of milk depends on its protein composition. Cow’s milk
is 3.5% protein on average [10, 11]. The protein composition significantly influ-
ences the nutritional value of milk and, in combination with all its constituent
components, determines its technological properties [10]. The milk protein com-
position is complex and varies in structure, physicochemical properties and bio-
logical functions. There are three groups of milk proteins, the caseins, whey pro-
teins and fat globule membrane proteins [11].

Casein is a group of phosphoproteins and makes up approximately 80% of
the protein in cow’s milk. The molecular weight of the casein fraction is 19000-
25000 Da [12-14]. The bovine casein genes are located on chromosome 6q31-33
[15-17]. There are four main casein fractions, the asl (18% of total caseins), os2
(8-11%), B (25-35%) and « (18-15%) [18-20]. That is, the most common is B-
casein [21].

B-Casein and its structure. Beta casein is a protein that accounts
for 30 to 35% of all milk proteins [15]. Its molecules are the most hydrophobic
and contain a large amount of proline. The B-casein molecule has a negatively
charged hydrophilic region from 1 to 43 a.a. and a hydrophobic segment with a
high proline content in the region from 44 to 209 a.a. This determines the simi-
larity of B-casein with the structure of surfactants. The solubility of B-casein in
water is better than that of other caseins, especially at low temperatures [22-24].

B-Casein is an amphiphilic phosphoprotein with an isoelectric point pH
4.8-5.1. It has a highly hydrophilic negatively charged N-terminal region and a
hydrophobic C-terminal region [25-27]. It differs from a-casein in its pronounced
dependence on temperature and the temperature dependence of its solubility in
the presence of calcium ions. B-Casein is more hydrophobic than a- or k -casein.
It contains five phosphoserine residues in the hydrophilic region which give it a
net negative charge under the neutral pH of milk [26, 28].

B-Casein is a chain of 209 amino acid (a.a.) residues of which 16.7% is
proline evenly distributed throughout the polypeptide, which limits the formation
of an a-helix.

More than 95% of the casein in milk is in micellar form. Casein micelles
are nearly spherical particles ranging in size from 30 to 300 nm. Each micelle
contains from several thousand to hundreds of thousands of molecules of all types
of caseins. The properties and chemical composition of micelles ensure their high
stability and stability in the absence of tertiary protein structure [29, 30].

The structure of the casein micelle has not been fully established. Two
models based on submicelles and internal structure have been proposed. The in-
ternal structure model corresponds to a continuous three-dimensional network of
folded asl-casein polypeptide chains, to which &-casein binds via micellar calcium
phosphate; B-casein is held on the carcass by weak hydrophobic bonds and can
easily leave the micelle and re-enter it. According to the submicelle model, mi-
celles are composed of hundreds of discrete particles, the submicelles with a di-
ameter of 10-20 nm in which casein molecules are hydrophobically bonded to



each other. There are two types of submicelles, the F2 and F3. F2 submicelles consist
of asl- and a-caseins, F3 of a- and B-caseins. Submicelles are retained within mi-
celles mainly with the participation of colloidal calcium phosphate (Fig. 1).
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Fig. 1. Model of B-casein micelle from cow’s milk. Consists of spherical submicelles bound to each
other by calcium phosphate (29, 30).

The of B-casein submicelle formation is reversible. Their stability is af-
fected by temperature, salt concentration and pH. B-Casein submicelles are more
stable than low molecular weight surfactant micelles, similar to diblock copolymer
micelles [29-31].

B-Casein molecules tend to self-associate in solution due to the large hy-
drophobic part in their structure. They remain as monomers at low temperatures
(up to 5 °C) at concentrations above the critical micelle concentration, and with
increasing temperature they self-associate due to hydrophobic interactions in the
core of the spherical aggregate, leaving a hydrophilic outer coating [32]. The de-
gree of polymerization of the B-casein molecule directly depends on temperature
[28, 33]. Regarding the hydrophilic region, which gives a high negative charge
density, B-caseins are able to bind strongly by ionic interactions the divalent ions,
especially Ca2*, through phosphoserine, aspartic acid, glutamic acid and free car-
boxyl groups. The addition of CaCl2 and an increase in temperature lead to the
formation of large B-casein aggregates linked by divalent bridges established with
residual phosphoserine groups, which is a reversible reaction when the temperature
is decreased [31, 34].

Studies carried out using various methods (circular dichroism spectroscopy
and Fourier-transform infrared spectroscopy) have shown a conformational change in
the structure of B-casein which creates a more hydrophobic environment. C-terminal
amino acids have been shown to provide the hydrophobic environment necessary for
protein self-association and the formation of micellar aggregates [30-32].

The self-association of B-casein is micelle-like. Both ionic strength and
temperature increase the amount of polymer present, that is, they increase the
association constant and the degree of association [31]. The number of monomeric
protein constituents in these micelle-like structures — almost spherical polymers
ranges from 15 at an ionic strength of 0.1 mol/l (pH 7 and 20 °C) to 52 at 0.110
mol/l (pH 6.7 and 37 °C). In this case, structures containing B-casein directly are
in a molten globule-like state [29, 32]. Submicelles with these properties have been
used to prepare encapsulates of therapeutic hydrophobic molecules.

B-Casein is the most active of all milk proteins, it is the first of the caseins
to position itself at the oil-water interface, the presence of phosphoserine in the
structure gives thickness and steric stability to the adsorbed layer surrounding the
milk protein. B-Casein serves as a precursor to peptides with various biological
activities, small peptides with antihypertensive properties [31, 35].

Polymorphism of B-casein. In cow’s milk, 13 different forms of B-



casein have been identified, and genetic variants for this protein are Al, A2, A3,
B, C, D, E, F, H1, H2, I, and G [36, 37]. Genetic variants of B-casein can be
detected by electrophoretic separation under acidic or alkaline conditions [38-40].
Variants A can be distinguished from B, C and D under alkaline conditions and
from each other only under acidic conditions [34, 41, 42]. In breeding, it is im-
portant to identify connections between genotypes of milk protein genes and traits
of cow productivity. Thus, genetic variant B of B-casein is associated with in-
creased fat and casein content in milk, variant A is associated with increased milk
yield [43-43].
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Fig. 2. The primary sequence for the most common genetic variant of B-casein A2, the B-CN A2-5P
(35, 61, 62). SeP residues identified as phosphorylated are in italics and bold.

Among the genetic variants of B-casein, Al and A2 are the most studied
[46-48]. Al differs from A2 in only one amino acid, at position 67, the replace-
ment of cytosine with adenine led to the replacement of proline with histidine
[49-51]. Detection and quantitation of A2 B-casein is mandatory for A2 dairy
products [14, 25, 52]. B-Casein A2 is believed to be the original f-casein protein
because a point mutation caused the emergence of B-casein Al in European cattle
several thousand years ago [53-55]. B-Casein Al is the most common type found
in cow’s milk produced in Europe (except France), USA, Australia and New Zea-
land [56-58]. The primary sequence for the most common A2 variant, the B-CN
A2-5P [34, 59, 60], is shown in Figure 2.

Caseins and whey proteins (B-lactoglobulin and (B-lactalbumin) are the
two main groups of milk proteins [61-63]. Casein genes are candidate genes for
milk protein biosynthesis [41, 64, 65]. A common source of bioactive peptides are
proteins found in cow’s milk. Bioactive peptides are released through the enzy-
matic hydrolysis of caseins and whey proteins by gastrointestinal enzymes. In vitro,
the bioactive peptide p-casomorphin-7 is produced by digestion of B-casein Al,
but not B-casein A2 [66-68].

Effect of B-casomorphin-7 on the function of the gas-
trointestinal tract. Since B-casomorphine-7 has morphine-like activity and
is believed to cause diseases such as type 2 diabetes mellitus [69], sudden neonatal
death syndrome [70], coronary heart disease and cardiovascular diseases [71, 72],
increases the risk of cancer diseases [73], may contribute to the development of
autism in children [74], studying the frequency of genetic variants Al and A2 is
of interest.



In 12 h after consuming milk containing type Al B-casein, people experi-
ence bloating, abdominal pain, flatulence, heaviness in the stomach, changes in
stool frequency and consistency, and in some cases symptoms of celiac disease
[75-78]. Consumption of such milk is associated with a significant increase in
colon transit time (6.6 h longer) and gastrointestinal transit time (6.3 h longer)
compared to milk of Al type B-casein and causes inflammation in the small in-
testine and gastric mucosa [79-81].

Milk containing Al B-casein causes greater worsening of gastrointestinal
symptoms and increased gastrointestinal transit time in lactose-intolerant individ-
uals than in lactose-tolerant individuals, whereas milk containing A2 B-casein does
not worsen symptoms of lactose intolerance [82-84]. This suggests that in some
people with lactose intolerance, adverse gastrointestinal symptoms after consuming
milk may be related to the presence of B-casein Al in milk rather than lactose
itself [76, 85, 86].

Milk containing A2 B-casein reduces acute gastrointestinal symptoms com-
pared to milk containing Al B-casein [76, 87]. In the human body, B-casein A2
approximately doubles the natural production of glutathione, an antioxidant that
is involved in detoxification processes [88-90].

In B-casein A2, the presence of proline instead of histidine prevents hy-
drolysis of the peptide bond between amino acid residues 66 and 67 and inhibits
the production of f-casomorphin-7 [91, 92]. During sequential gastrointestinal
digestion of milk containing B-casein Al, the amount of B-casomorphin-7
formed is 4-fold higher than during the digestion of A2 milk [93-95]. Unlike the
Al allele, which can be a risk factor for human health, the A2 allele has breeding
value [96-98].

Thus, cow’s milk contains all the nutrients necessary for humans, includ-
ing an average of 3.5% protein most of which is casein. The most common is -
casein. More than 95% of the casein in milk is in micellar form. At least 13 genetic
variants of $-casein are described. Types Al and A2 are the most studied and differ
from each other by one amino acid at position 67 of the amino acid chain, histi-
dine in Al vs. proline in A2. The presence of histidine causes the release of the
bioactive peptide B-casomorphin-7 during proteolysis of B-casein Al in the intes-
tine, while proline in protein A2 prevents rupture of the polypeptide sequence at
this critical site. The bioactive peptide B-casomorphine-7 has morphine-like ac-
tivity and affects the gastrointestinal tract and central nervous system of humans.
It is believed that there is a correlation between the consumption of milk contain-
ing Al B-casein and the incidence of human diseases such as type 1 diabetes,
coronary heart disease and gastrointestinal digestive discomfort. Further study of
the B-casein gene and the proteins it encodes will provide a more complete
knowledge on metabolism of proteins of cow’s milk and dairy products containing
B-casein Al and A2 and their impact on human health.
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