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Abstract A comparative analysis of the fractional composition of the
main milk proteins of the casein complex and whey from Holstein and Jersey
cows from the farms in the Ternopil region of Ukraine was carried out in the
work. The milk of these breeds differs in the qualitative and quantitative
composition of protein fractions, which may be important for the production
of certain types of products. Analysis of literature data showed that genetic
variants of the main milk proteins primarily differ in charges and the ability to
aggregate in solutions. Therefore, two electrophoretic systems were used to
analyze protein fractions, which allow separating caseins and whey proteins
according to their charges. These are polyacrylamide gel electrophoresis in the
presence of urea for the analysis of caseins and express electrophoresis in
native conditions for the analysis of whey proteins. Studies of skim milk
samples from Holstein and Jersey breeds using two electrophoresis systems
allowed the identification of only three main fractions: asi-casein, B-casein
and B-lactoglobulin (B-Lg). Identification of other fractions and quantitative
assessment of all fractions is complicated by the overlapping of protein bands
on electrophoregrams. Better results were obtained with separate analysis of
caseins and whey proteins from milk of each breed. Analysis of caseins by
electrophoresis in the presence of urea allowed to identify and establish the
relative content of the following fractions in Holstein milk: asi-CN B-8P
(35,442,1%), 0s2-CN A-XP (15,2+1,1%), B-CN A2-5P (36,2+1,6%), and in
Jersey milk: as1-CN C-8P (36,6+1,8%), as2-CN A-XP (16,2+1,2%) and B-CN
A2-5P (32,8+1,9%). Analysis of whey samples by express electrophoresis in
native conditions showed the presence of two genetic variants of B-Lg, but in
different ratios — in milk of Holstein cows: B-Lg A (16,7+1,3%) and B-Lg B
(23,7£2,2%), and in milk of Jersey cows: f-Lg A (14,9+1,5%) and B-Lg B
(27,4+2,3%). The results of express electrophoresis also showed that the same
variant a-La — a-La B is present in both milk samples.

Key words: electrophoresis, caseins, milk whey proteins, genetic
variants.

molecular masses of proteins of different breeds or

Introduction. Formulation of the problem

In Ukraine, the use of purebred cow milk for the
production of dairy products is increasing. Milk
obtained from individual breeds may differ in the
qualitative and quantitative composition of protein
fractions. First of all, this concerns to casein complex
proteins. Such differences may affect the technological
properties of milk and, accordingly, its use for the
production of certain types of dairy products. Currently,
a common and accessible method for analyzing the
fractional composition of milk proteins s
polyacrylamide gel electrophoresis (PAG) in the
presence of sodium dodecyl sulfate (SDS), which allows
separating protein molecules by the difference in their
molecular mass values. However, differences in the
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genetic variants of proteins within the same breed may
be insignificant and relate more to the charge of the
protein molecule. This complicates the interpretation of
the analysis results. Therefore, for fractional analysis of
proteins and identification of the relationship between
their composition and certain technological properties,
it may be advisable to combine electrophoresis in the
presence of SDS with a native electrophoresis system
for whey proteins and an electrophoretic system in the
presence of urea for identification of casein fractions

Analysis of recent research and publications

Before choosing electrophoretic systems in PAG
for the analysis of genetic variants of caseins and whey
proteins of cow's milk, it is necessary to consider the
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features of their structure and properties. It is known that
the genes of the casein complex proteins are connected
and located on the sixth chromosome [1]. The genes of
the three fractions of calcium-sensitive caseins (asi-CN,
as2-CN, B-CN) are similar in structure and originate
from a single ancestor gene. There is a hypothesis that
this gene was related to the development of teeth [2].
The gene of the fourth fraction resistant to calcium ions
k-CN is evolutionarily close to the fibrinogen genes [3].
Many years of research on milk proteins using
electrophoretic  systems,  isoelectric ~ focusing,
chromatography, and modern mass spectrometry have
allowed us to establish many genetic variants of the
casein fractions of milk of various species of the genus
Bos. This primarily concerns the milk of various breeds
of cows of the Bos taurus species, and also those close
to them Bos indicus (zebu), Bos grunniens (yak) and Bos
javanicus (banteng) [4, 5]. Table 1 shows the genetic
variants of the main casein fractions — as;-casein.

The most characteristic mutations for asi-CN
are those that phenotypically manifest themselves in the
replacement of one or more amino acid residues in the

primary structure. In most cases, this leads to a change
in the charge of the molecule. Only in two cases
(variants A and H) deletions occur and, together with the
change in charge, the molecular weight decreases. The
comparison is made with the most common variant B.

Table 2 shows data on 12 genetic variants of
the second largest casein fraction - B-casein. In all
genetic variants of B-casein, amino acid residues are
replaced. In this case, with the exception of one variant
(), the overall charge of the molecule changes
compared to the most common variant A2,

The least genetic variants were found in the
asp-casein fraction. In addition to the main one (A),
three more are known: B, C and D. Variant C is
characteristic only for the Bos grunniens species, variant
B is found in Asian breeds of cows, as well as in Bos
grunniens and Bos indicus. Genetic variant D, in which
the primary structure is shortened by 9 amino acid
residues and the negative charge of the molecule is
reduced from -6 to -1 due to deletion, is not
characteristic for asp-caseins of Holstein and Jersey
milk, which are analyzed in this work [6].

Table 1 — Differences in the primary structure of genetic variants of asi-casein [5, 6]

Genetic variant Amino acid residue number
asi-casein™ 14-26 51-58 53 59 66 84 192
A (-14) Deletion
B (-15) Ala Gln SerP Glu Glu
C (-14) Gly
D (-16) ThrP
E (-13) Lys Gly
F (-14) Leu
H (-13) Deletion
I (-15) Asp
Note: The value of the excess negative charge of the asi-casein genetic variant molecule is given in
parentheses.
Table 2 — Differences in the primary structure of genetic variants of B-casein [6]
Genetic Amino acid residue number
variant
B- 137/
. 18 25 35 36 37 67 72 88 93 106 | 122 152 ?
casein 138
Al (-7) His
A?(-8) | SerP | Arg | SerP | Glu Glu Pro Gln Leu Met His Ser II_Derch)/ Pro | GIn
A3 (-9) Gln
B (-6) His Arg
Cl(-4) Ser Lys | His
D (-6) Lys
E (-6) Lys
F(-7) His Leu
G (-7) His Leu
H™(-9) Cys lle
H2 (-10) Glu Leu Glu
1(-8) Leu

Note: The value of the excess negative charge of the B-casein genetic variant molecule is given in

parentheses.
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The heterogeneity of k-caseins is formed due to
numerous genetic variants (about 14), as well as
different degrees of glycosylation. All this gives
numerous variants that differ in charges and molecular
weights [7]. For their identification, modern mass
spectrometry must be used. Therefore, we do not
consider their characteristics in this work.

The main whey proteins are coded by genes
located in chromosome 11 (B-lactoglobulin) and 5 (o-
lactalbumin). B-lactoglobulin (B-Lg) belongs to the
family of transport glycoproteins — lipocalins. The
structure of the a-lactalbumin (a-La) gene is similar to
the lysozyme gene, with which they have a common
origin [1]. Changes in the structure and excess negative
charge of twelve genetic variants of B-Lg compared to
the most common variant B are presented in Table 3.
Except of two variants (J and W), all of them relate to
the charge of the molecule. The differences in molecular
masses, at the same time, are not significant. For the
evolutionarily conserved a-La, apart from the main
genetic variant B, were found only two variants: A and
C [6]. Variant C is characteristic only for the species Bos
javanicus, and variant A is mainly found in the species
Bos indicus and rarely in Bos taurus cows. Moreover,
the molecule of variant A does not differ from variant B
in charge and has a very close molecular weight.

Taking into account the above data, it can be
concluded that the use of the most common
electrophoresis system, namely disc electrophoresis in
the presence of SDS, has limited possibilities for
identification of genetic variants of such main fractions
of milk proteins as asi-casein, B-casein, B-lactoglobulin,
a-lactalbumin. So, in all these mentioned fractions, from
31 genetic variant, only two have significantly different
molecular weights, and charge changes are
characteristic for 26 compared to the main variants. In
addition, the main fractions of caseins have similar
molecular weights and during electrophoresis with SDS

can partially overlap in PAG plates [8]. In this regard,
for the electrophoretic analysis of genetic variants of the
main milk proteins, it may be advisable to use
electrophoretic systems, where separation occurs
according to the charge value of their molecules. Such
systems include electrophoresis in the presence of urea
for the analysis of caseins, as well as express
electrophoresis in native conditions for whey proteins
[9, 10].

The aim of the work is to select a combination of
electrophoretic systems to detect differences in the
fractional composition of milk proteins of Jersey and
Holstein breeds of cows.

To achieve this goal, it is necessary to solve the
following tasks:

— obtain samples of casein complex proteins and
whey proteins from milk of Jersey and Holstein breeds
of cows for analysis of the fractional composition;

—characterize the composition of the main protein
fractions of milk of both breeds by electrophoresis in the
presence of urea and express electrophoresis in native
conditions;

—compare the results of the analysis of caseins
from milk of both breeds, obtained by electrophoresis in
the presence of urea;
establish the fractional composition of whey
proteins obtained from milk of Jersey and Holstein
breeds by express electrophoresis under native
conditions.

Materials and methods.

The work used whole milk of Holstein and Jersey
cows from PJSC «Ternopil Dairy Plant». The total
composition of milk and its physicochemical parameters
were determined on the «MilkoScan FT2» analyzer.
Preparation of samples of skim milk, total casein and
whey for electrophoretic analysis was carried out as
shown in the diagram (Fig. 1).

Table 3 — Differences in the primary structure of genetic variants of §-Lg [1, 6]

Genetic

Amino acid residue number

variant

p-Lg* 28 45 50 56 59

64

70 78 108 | 118 | 126 | 129 | 158

A (7)

Asp

Val

B (-6) Asp | Glu | Pro lle | GIn

Gly

Lys | lle | Glu | Ala | Pro | Asp | Glu

C (-5) His

D (-5) Gin

Dr (-5) Asn

E (-5)

Gly

F (-4) Ser

Tyr | Gly

G (-5)

Met Gly

H (-8)

Asp

Asn Val

1 (-5)

Gly

31(-6)

Leu

W (-6) Leu

Note: The value of the excess negative charge of the B-lactoglobulin genetic variant molecule is given in

parentheses.
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Whole milk from Holstein or Jersey
breeds of cows

Defatting by centrifu

!
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Skimmed milk Adjustment to pH 4,6 with hydrochloric acid (1H)
and precipitation of casein by centrifugation (3000
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and precipitation of casein by centrifugation (3000
g, 15 min)

V

Washing casein with water
and freezing

V

Samples for electrophoresis

Fig. 1. Scheme of preparation of samples of skim milk

, total casein and whey for electrophoretic analyses

Results of the research and their discussion

In order to reduce the influence of denaturing
factors on proteins, the sample preparation scheme was
simplified as much as possible. In particular, gel
filtration was not used to separate low-molecular-weight
whey compounds, which have little effect on the results
of electrophoresis. When purifying caseins from skim
milk, only two precipitations of it at the isoelectric point
were used.

The concentration of casein complex proteins and
whey proteins was determined spectrophotometrically
by absorption at a wavelength of A=280 nm on an SF-
46 spectrophotometer. The following absorption
coefficients (D% ) were used to calculate the protein
concentration: 8,2 for total casein and 12,3 for whey
proteins [11].

The fractional composition of caseins in samples
of skim milk and total casein was analyzed by
electrophoresis in homogeneous PAG in the presence of
urea [9]. The fractional composition of whey proteins
was analyzed by express electrophoresis in native
conditions [10]. Densitograms for quantitative analysis
were constructed using the imread graphic image
reading functions in the Matlab system. Mathematical
and statistical processing of the results was performed
using Microsoft Office Excel 2007 software packages.

39
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It is known that the milk of Holstein and Jersey
breeds can differ significantly in fat content, as well as
in the content and fractional composition of proteins.
Therefore, first of all, for samples of chilled milk of both
breeds, the total composition was determined using the
«MilkoScan FT2» analyzer. The analysis results are
shown in Table. 4. The obtained data indicate a
significantly higher fat and protein content in Jersey
milk, which is consistent with the results described in
the literature [12].

Cow's milk is characterized by high heterogeneity
of casein and whey protein composition. Therefore, two
electrophoresis ~ systems  were  selected  for
electrophoretic analysis. This is an anodic system in
homogeneous PAG in the presence of urea, which
effectively separates the proteins of the casein complex
of milk, and an express electrophoresis system in native
conditions for the separation of whey proteins [9, 10].

In the first series of experiments, samples of skim
milk from Holstein and Jersey breeds were analyzed
using both electrophoretic systems. Moreover, in each
case, the samples were analyzed in parallel in one gel
plate in absolutely identical conditions. The results of
the analysis of skim milk samples by electrophoresis in
the presence of urea are shown in Fig. 2.
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Table 4 — Composition of whole milk samples of Holstein and Jersey cows

. Mass Mass . -
Cows breeds Mass fraction fraction of fraction of Mass fraction Dry AC!.dlty’
of fat, % - . of lactose, % | substances, % T
protein, % casein, %
Holstein 3,82 3,37 2,49 4,88 12,87 17
Jersey 5,05 4,12 3,2 4,75 14,84 18
A B
1 2 £ 9
y-CN | . é 80 1
S
K-CN B 20 "
B-CN S g
(lsz'CN{ 5 60 1
os-CN - 5 sof ]
B-Lg g §
E 40 1
S

0 200

400 600 800 1000 1200
Electrophoregram length, pixels

Fig. 2. Electrophoregrams (A) and densitograms (B) of skim milk from Holstein cows (A1, B1) and Jersey
cows (A2, B2) obtained by electrophoresis in homogeneous PAG in the presence of urea

As can be seen from the electrophoregram, the
qualitative composition of the protein fractions of both
samples is identical. The main fractions such as as;-CN
and B-CN are clearly visible. All other fractions are
difficult to identify, since it is known that in the presence
of urea B-Lg, a-La and BSA do not give clear bands and
overlap with asi1- and as2-caseins. Also, the components
of the proteose-peptone fraction coincide on the PAG
plate with k-caseins. All this makes it impossible to
identify  proteins and  quantitatively  process
electrophoregrams.

Fig. 3 shows the results of the analysis of skim
milk samples in the express electrophoresis system in
native conditions. The qualitative composition of the
protein fractions in both samples is very similar. B-Lg,
as1-CN and B-CN can be identified. In addition, the
densitograms indicate a significant disordered
background, which is formed from minor fractions of
whey proteins and aggregates of casein fractions. It is
known that caseins in native conditions can form
aggregates of different sizes and compositions [11]. All
this significantly complicates the identification of even
the main protein fractions, as well as the quantitative
processing of electrophoregrams.

However, in both electrophoregrams (Fig. 2 and 3)
it is possible to note the difference in the electrophoretic
mobility of asi-casein fractions. This casein moves
faster to the anode in a sample of skimmed milk from
Holstein cows.

Further, separate samples of caseins and whey
proteins isolated from milk of each breed were used for
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electrophoretic analysis as shown in the diagram (Fig.
1). In this case, electrophoresis of casein was performed
in a homogeneous PAG system in the presence of urea,
and whey proteins were analyzed by express
electrophoresis in native conditions. The results of
electrophoresis of casein complex proteins from milk of
Holstein and Jersey cows are shown in Fig. 4. Both
electrophoregrams (Al and A2) show all groups of
caseins: asi-, os2-, PB-, k- and y-caseins. The main
difference between the casein fractions of both samples
concerns asi-casein. Its mobility is higher in the casein
sample from Holstein milk. The densitograms of f-
caseins and, to a large extent, k-caseins completely
coincide. The densitograms of asy- and y-caseins differ
quantitatively. These fractions are more abundant in
Jersey milk. Quantitative calculations based on
densitograms of five casein samples from each breed
showed the following relative contents of osi-, as2- and
B-caseins: 35,442,1%, 15,2+1,1%, 36,2+1,6% for
Holstein and 36,6+1,8%, 16,2+1,2%, 32,8+1,9% for
Jersey.

Express electrophoresis of whey proteins (Fig. 5)
showed quantitative differences in the composition of
the main fractions (B-Lg, a-La and 1G). The content of
these fractions is higher in Jersey milk. It is also
necessary to note the differences in the relative content
of the genetic variants B-Lg A and B-Lg B. The relative
content of B-Lg A and B-Lg B in the milk of Holstein
cows is 16,7+1,3% and 23,7+2,2%, and in the milk of
Jersey cows — 14,9+1,5% and 27,4+2,3%, respectively.

Volume 19 Issue 1/2025



Gradation of gray, conditional units

0 . . . . . .
0 200 400 600 800 1000 1200 1400

Electrophoregram length, pixels
Fig. 3. Electrophoregrams (A) and densitograms (B) of skim milk from Holstein cows (A1, B1) and Jersey cows
(A2, B2) obtained by express electrophoresis in native conditions
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Fig. 4. Electrophoregrams (A) and densitograms (B) of caseins isolated from milk of Holstein cows (A1, B1)
and Jersey cows (A2, B2) obtained by electrophoresis in homogeneous PAG in the presence of urea
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Fig. 5. Electrophoregrams (A) and densitograms (B) of whey proteins isolated from milk of Holstein cows (AL,
B1) and Jersey cows (A2, B2) obtained by express electrophoresis in native conditions
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The obtained results of electrophoresis of caseins
from milk of both breeds can be used to establish genetic
variants of the three main fractions — as:-, B- and osz-
caseins. For Holstein milk, the most characteristic
genetic variant of osi-casein is osi-CN B-8P. Its
prevalence is about 97% [13]. Therefore, it can be
affirmed with high probability that this variant is present
in the pooled milk of Holstein cows used for analysis. In
the studied milk of Jersey cows, asi-casein has a lower
electrophoretic mobility. This is clearly visible on the
electrophoregram of caseins (Fig. 4). Among the known
genetic variants of asi-casein (Table 1), only five have
a lower negative charge and, accordingly, a lower
electrophoretic mobility in the anodic system than
variant B. These are variants A, C, E, F and H [5, 6].
Variant E is found only in milk of the Bos grunniens
species. Variants F and H are less common, variant A is
more common, but all of them are not characteristic for
Jersey milk. Therefore, it is most likely that the asi-CN
C-8P variant is present in the samples of studied Jersey
milk. This genetic variant is often found in Jersey milk
[6].

The placement of [-caseins on the
electrophoregrams and, accordingly, densitograms of
both casein samples completely coincides. It is obvious
that this is the most common variant of B-casein in both
breeds — B-CN A?2-5P [1]. As for as-casein, of its four
genetic variants, only the as-CN A-XP variant is
characteristic for the Holstein and Jersey breeds [6]. In
general, the densitograms of the k-casein sections of the
electrophoretic plots of caseins from the milk of both
breeds are similar. It is difficult to establish the genetic
variants of k-caseins. The electrophoretic properties of
k-caseins are affected by the degree of glycosylation, in
addition to changes in the primary structure. It is
obvious that to identify the genetic variants of k-caseins,
it is necessary to conduct comparative electrophoresis of
purified k-casein preparations or use more sensitive
methods.

Two genetic variants of f-Lg were predicted to be
found in the composition of the milk of both breeds: -
Lg A and B-Lg B. These variants are the most common
and characteristic for the milk of Holstein and Jersey
breeds. The a-La fraction is similar in electrophoretic
characteristics in both samples and is the genetic variant
a-La B. Two other known variants are characteristic for
the Bos indicus (A) and Bos javanicus (C) species [6].

The composition of genetic variants of caseins and
whey proteins can affect the enzymatic and acid
coagulation of milk. Thus, for Holstein and Jersey cows,
it was found that the B variant of B-casein and B-Lg is
the best for the production of rennet cheeses [14, 15].
The presence of the B-CN A2 genetic variant in milk
reduces its ability to rennet coagulation [16, 17]. The
asi-CN C genetic variant, which is characteristic of
Jersey cows, promotes rennet coagulation and the

formation of a good clot [18, 19]. The decrease of
coagulation properties of milk may be associated with a
higher content of asy-CN [20]. Genetic variants of -
casein may affect the properties of the gel obtained by
acid coagulation. For example, milk with B-CN Al
forms a stronger gel than with the genetic variant B-CN
A?[21].

Approbation of research results. The obtained
results were used in the laboratory of milk biochemistry
of Ivan Puluj TNTU in the isolation of proteins-
precursors of bioactive peptides, as well as at PJSC
«Ternopil Dairy Plant» in the selection of milk for the
production of curds.

Acknowledgements. The authors express their
gratitude to the Chairman of the Board of PJSC
«Ternopil Dairy Plany» Vitalii Kovalchuk and the
technologist of new product development of the chief
technologist's department Oksana Shynkaruk for
providing milk samples and assistance in conducting the
research.

Conclusion

As a result of the conducted studies, the following
conclusions can be made:
— the combination of electrophoretic systems in PAG
in the presence of urea and express electrophoresis
allows us to establish certain differences in the
composition of the main protein fractions when
analyzing skim milk from Holstein and Jersey cows.
This concerns to asi-casein, P-casein and f-Lg.
However, the quantitative assessment of all fractions
and the identification of other protein fractions is very
complicated due to their overlap on electrophoregrams.
It is necessary to conduct a separate analysis of caseins
and whey proteins.
— the analysis of casein samples from Holstein and
Jersey milk allowed us to identify qualitative and
quantitative differences (relative content) in the
composition of their fractions. Taking into account the
results of electrophoresis in the presence of urea and
literature data, it was found that the genetic variants a.s1-
CN B-8P (35,4+2,1%), as2-CN A-XP (15,2+1,1%), B-
CN A2-5P (36,2+1,6%) were present in the studied milk
of the Holstein breed, and in the milk of the Jersey breed
—as1-CN C-8P (36,6+1,8%), as>-CN A-XP (16,2+1,2%)
and B-CN A2-5P (32,8+1,9%).
- express electrophoresis in native conditions of whey
samples revealed two genetic variants of B-Lg, but in
different ratios, in milk of Holstein cows — p-Lg A
(16,7£1,3%) and B-Lg B (23,7£2,2%), and in milk of
Jersey cows — B-Lg A (14,9£1,5%) and B-Lg B
(27,4+2,3%). According to the results of express
electrophoresis, it was also found that the same variant
a-La — a-La B is present in both milk samples.
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TepHoninbChKUil HaLlIOHATBHUN TEXHIYHUN yHiBepcuTeT iMeHi IBaHa [Tymost
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AHoTanisi. Y po00Ti IpoBeJeHO MOPIBHAIIBHUN aHaANi3 (PaKmifHOTrO CKIIaly OCHOBHUX OUIKIB Ka3eTHOBOT'O KOMILIEKCY

1 CHpPOBAaTKA MOJIOKAa KOpPIB TONINTHHCHKOI 1 JKepceichbkoi mopix 3 depMepchkux rocrmomapctB TepHOMIbCHKOI 00sacTi
VYkpaiuu. MoJIOKO IIHX MOPiJ] BiAPI3HAETHCS SIKICHUM 1 KUTBKICHHM CKJIa[ioM OiTKOBUX (paKIiif, 1110 MOXKe OyTH BaXKITUBUM IS
BUTOTOBJICHHS TICBHUX BHiB NMPOAYKTIB. AHaJi3 JIITEpaTypHHUX JAHUX MOKa3aB, [0 TEHETHYHI BapiaHTH OCHOBHHX MOJIOYHUX
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Ximis xap4yosux npodykmie i mamepianie. Hoei eudu cuposuru / Chemistry of food products and materials. New raw materials

OiKiB HacamIepe]] BiApi3HAIOTHCS 3apsIaMH 1 3aTHICTIO JI0 arperaii B po3uuHax. Tomy 1 aHani3y OikoBuX ¢pakuiii Oynu
BUKOPHUCTAHI Bl eJEeKTPOPOPETHYHI CHCTEMH, SKi JO3BOJLIOTH PO3AUIATH Ka3eiHH 1 OLIKM cHpOBaTkd 3a ix 3apsmamu. Lle
enekTpodopes B MOTiaKpUIaMiTHOMY T'elli B IPUCYTHOCTI CEYOBHHH AJISI aHAJI3y Ka3eiHiB 1 eKcrpec-eNeKTpodope3 B HATHBHUX
yMOBax ISl aHalizy OIKIB CHpOBAaTKU MOJIOKa. JIOCHi/KeHHS B3ipLiB 3HEKUPEHOT'O MOJIOKA TOJIITUHCHKOI 1 JHKepCeHChKOi
TIOpiJ] IBOMa CHCTEMaMH eleKTpodopes3y M03BOMIIN IAEHTU(IKYBAaTH JIHMIIE TPH OCHOBHI (pakmil: asi-kaseiH, B-kaszeiH i B-
nakrornoOymin (B-Lg). InenTudikamis iHmuX (pakmiil i KUTbKiCHa OIiHKA BCiX (pakIiif yckiagHeHa HaKIaJIeHHSIM OLTKOBHX
cMyT Ha ernexTpodoperpamax. Kpamii pesynsraty Oynm oTpuMaHi Iy OKpeMOMY aHaJIi31 Ka3elHiB 1 OUIKIB CHPOBATKH 3 MOJIOKA
KOKHOI Topoan. AHaji3 Ka3eiHIB eNeKTpodope3oM B IPHCYTHOCTI CEYOBHHHM [O3BOJMB iNEHTHU(IKYBaTH 1 BCTAaHOBUTH
BIIHOCHHMI BMicT Takux (pakiiit B Mool roimruacskoi nopoau: asi-CN B-8P (35,4+2,1%), as2-CN A-XP (15,2+1,1%), B-
CN A2-5P (36,2+1,6%), a B Monomi mkepceticskoi mopoau: asi-CN C-8P (36,6+1,8%), as2-CN A-XP (16,2+1,2%) i B-CN A?-
5P (32,8+1,9%). Amnani3 B3iplLiiB CHPOBaTKH eKcHpec-eJeKTpo(hOpe3oM Yy HATHBHMX YMOBaX IIOKa3aB HAsBHICTh JBOX
TeHETHYHUX BapiaHTiB B-Lg, ane B pi3HUX CITiBBITHOIIEHHSX — y MOJIOIi KOPiB TOMIITHHCHKOI mopou: B-Lg A (16,7+1,3%) 1 B-
Lg B (23,7+2,2%), a y monoui mkepceiicekol mopoau: B-Lg A (14,9+1,5%) i1 B-Lg B (27,4+2,3%). 3a pe3ynpraTamMu eKcIpec-
eJIEKTPO(Ope3y TaKOXK BCTAHOBIICHO, 0 B 000X B3IPIIIX MOJIOKA IIPUCYTHIN OUH 1 TOH *e BapiaHT a-La — a-La B.
Karouosi cioa: enekrpodopes, Ka3eTHH, OUTKA CUPOBATKU MOJIOKA, FTCHETUYHI BapiaHTH.
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