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1. Introduction

Whey proteins are one of the two basic milk protein 
fractions. They comprise about 20 % of all milk proteins and 
are valuable by their amino acid composition. In most cas-
es, in food technologies, these proteins are used in the whey 
composition without obtaining individual fractions [1].  
The main source of them are different types of milk whey 
(sour milk cheese, cheese, casein, ultrafiltrate), which is a 
by-product. The concentration of proteins in whey is low 
(~0.6–0.9 %). Therefore, its processing is complex, ree-
quires expensive equipment, significant energy costs and 
yields little profit in food production.

The discovery, in recent decades, of bioactive peptides 
with a wide range of biological effects in the composition 

of basic whey proteins provides new opportunities for 
the processing of whey proteins. This may be the cre-
ation of valuable natural functional ingredients based on 
biologically active peptides [2]. Peptides with a certain 
biological activity are isolated from different fractions [3]. 
In this regard, the task emerged to develop industri-
al methods for obtaining separate milk whey protein 
fractions, which are precursors of bioactive peptides. 
Another important task is to create a reliable, accessible 
and effective express method for analyzing the fractional 
composition of whey proteins. Existing methods are too 
complicated or expensive and time-consuming to analyze 
large amounts of whey protein samples in manufacturing 
laboratory conditions [4].

The development of an effective express method for the 
analysis and identification of milk whey protein fractions 
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Для протеїнів сироватки молока притаманна фракційна 
специфічність їх біологічної дії та здатності утворювати в про-
цесах протеолізу і травлення біоактивні пептиди, які позитивно 
впливають на різні фізіологічні системи організму. Перспективи 
виробництва і застосування протеїнових фракцій з сироватки 
молока пов’язані з необхідністю контролю за їх складом.

Для створення методики експрес-аналізу фракційного скла-
ду протеїнів сироватки молока проведено порівняльний аналіз 
електрофоретичних систем, які раніше використовувалися для 
аналізу протеїнів молока. Це анодна система диск-електрофо-
резу в присутності додецилсульфату натрію, система диск- 
електрофорезу Девіса для кислих протеїнів у нативних умовах, 
система в однорідному поліакриламідному гелі в присутності 
сечовини. За основу для аналізу протеїнів сироватки молока 
була взята система диск-електрофорезу Девіса для кислих про-
теїнів в нативних умовах. Для адаптації цієї системи до вимог 
експрес-аналізу з її складу було вилучено концентруючий поліа-
криламідний гель і зменшено концентрацію розділяючого гелю. 
Для забезпечення високої ефективності розділення протеїнових 
фракцій була використана різниця у складі іонів електродного 
буферу і буферу для поліакриламідного гелю. Це дозволяє зберег-
ти ефект концентрування протеїнів зразку сироватки на пер-
ших етапах електрофорезу. З допомогою гомогенних маркерних 
протеїнів (β-лактоглобулін і альбумін сироватки), встановле-
но розміщення основних фракцій протеїнів сироватки молока на 
електрофореграмах.

В результаті проведених досліджень запропонована доступ-
на електрофоретична система в пластинках однорідного поліа-
криламідного гелю для серійного експрес-аналізу фракційного 
складу протеїнів сироватки молока. Система дозволяє надій-
но ідентифікувати чотири протеїнові фракції (α-LA, β-LG, BSA 
та IG). Про хорошу відтворюваність методу свідчать близь-
кі середні значення і стандартні відхилення вмісту цих фрак-
цій у 15-ти пробах сироватки однієї партії молока, отримані на 
основі денситометрії трьох електрофореграм: β-LG (37,3±4,2; 
36,5±2,8; 38,3±2,7), α-LA (15,8±1,5; 15,8±1,3; 16,4±1,1), BSA 
(8,2±1,1; 8,0±1,0; 9,4±1,1), IG (17,6±1,9; 17,4±1,5;16,8±1,5).

Запропонований метод може бути корисним для оперативної 
ідентифікації основних протеїнових фракцій сироватки молока, 
які є попередниками біологічно активних пептидів

Ключові слова: фракції протеїнів сироватки молока, електро-
форез в поліакриламідному гелі, експрес-аналіз, денситометрія

UDC 577.112.083

DOI: 10.15587/1729-4061.2019.160186



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 2/11 ( 98 ) 2019

38

is an actual task. Such a method may also be important 
in establishing the authenticity of the composition of 
whey-containing protein products. 

2. Literature review and problem statement 

In all whey types, the following basic proteins are 
present: β-lactoglobulin (β-LG), α-lactalbumin (α-LA), 
serum albumin (BSA), immunoglobulin (IG), and also 
two important minor proteins – lactoferrin (LF) and the 
secretory component (SC) [5]. In cheese whey, glyco-
macropeptide (GMP), which is formed as a result of the 
κ-casein splitting by milk enzymes, is present in significant 
amounts [6]. In addition, several hundreds of different mi-
nor proteins have been found in milk whey using modern 
proteomic methods. Their functions and origin are not 
fully established [7].

Practical interest to milk whey protein fractions is as-
sociated with their biological function. In the first place, 
this concerns to immunoglobulins and lactoferrin [8, 9]. 
Also, the ratio of whey protein fractions is important during 
creating substitutes of female milk [1]. In recent decades, a 
new promising direction emerged in using whey proteins, 
in connection with the discovery of biologically active 
peptides (BAP) in their composition. It is established 
that the basic whey proteins are precursors of more than a 
hundred different BAPs. These BAPs can have a positive 
effect on the immune system (immunomodulatory and anti-
microbial peptides), the nervous system (agonists of opioid 
receptors), the cardiovascular system (antihypertensive 
and hypocholesterolemic peptides), the digestive system 
(regulators of intestinal motility, appetite regulators) [10]. 
Also peptides with anti-carcinogenic and antioxidant ef-
fects have been discovered [11, 12]. In many cases, these 
peptides are resistant to digestive proteases, can penetrate 
the bloodstream and exhibit their biological effects. It is 
important that the fractional specificity is characteristic for 
the BAP formation [3, 10]. It is expedient to obtain a BAP 
of a certain biological action from individual whey protein 
fractions. In this regard, an accessible and effective method 
for the express analysis and identification of milk protein 
fractions is necessary for the development of methods for 
obtaining proteins-precursors of BAP from milk whey pro-
teins, as well as for their industrial production.

Chromatographic and electrophoretic methods are 
most commonly used in laboratory researches for the anal-
ysis of whey proteins [4]. The structure, composition and 
properties of milk whey proteins allow using two types of 
chromatography: gel filtration and ion-exchange chroma-
tography. In the case of gel filtration, this is facilitated 
by a significant difference in molecular weights (α-LA –  
14,178 Da, β-LG – 18,363 Da, BSA – 66,399 Da, LF – 
76,110 Da and IG – > 150,000 Da) and also the globular 
structure of molecules. Differences in the values of isoelec-
tric points are important for ion-exchange chromatogra-
phy (α-LA – 4.2; β-LG – 5.13; BSA – 4.7; IG – 5.5 and 
LF – 8.8). Good solubility and absence of whey protein 
aggregates are also positive properties for chromatograph-
ic analysis [13]. The main disadvantages of chromato-
graphic analysis methods are: expensive equipment and 
reagents for both types of chromatography; relatively low 
gel filtration efficiency; the impossibility of simultaneous 

comparative analysis of sample series. Therefore, they can 
not be used for the express analysis.

An effective method for whey protein analysis is poly-
acrylamide gel (PAG) electrophoresis. One-dimensional 
electrophoresis in columns or slabs of PAG allows reliable 
identification of all basic and some minor fractions [14, 15].  
Variants of two-dimensional electrophoresis are effective-
ly used in milk whey proteomics and can detect tens and 
even hundreds of minor protein fractions [7].

The International Committee on the nomenclature 
and methodology of milk proteins recommends the use of 
a one-dimensional anode disc electrophoresis system with 
sodium dodecyl sulfate for the analysis of whey proteins [5].  
In this case, such fractions as (α-LA, β-LG, BSA, IG and 
LF) can be identified. In our laboratory, the modified B. 
Davis disc electrophoresis analytical system for acidic and 
neutral proteins in native conditions was also successfully 
applied for the analysis of whey proteins [15]. In both cases, 
high resolution was achieved by the use of stacking PAG. 
The main disadvantages of analytical disc electrophoretic 
systems are the necessity to prepare a large number of 
reagents and form two types of PAG. This complicates 
the analysis and makes it long-lasting. In general, the disc 
electrophoresis systems do not meet the express analysis 
requirements, but electrophoretic methods do not require 
expensive equipment, are available and can be adapted for 
serial and comparative analysis of milk whey proteins. Such 
an electrophoretic system in a homogeneous PAG was pre-
viously developed for the analysis of milk casein complex 
proteins [16]. It allows detecting all major casein fractions 
for 45 minutes. Such an electrophoretic system for express 
analysis of the whey protein fractional composition is ab-
sent, up today, and needs to be developed.

3. The aim and objectives of the study

The aim of the work was the selection and adaptation 
of the electrophoretic system for the express analysis of 
the fractional composition of whey proteins.

To achieve this aim, the following objectives were 
accomplished:

– to select the basic version of the electrophoretic 
system on the basis of a comparative analysis of known 
methods of milk protein electrophoretic research;

– to adapt the selected variant of the electrophoretic 
system to express analysis of the whey protein fractional 
composition;

– to compare the electrophoregrams of whey proteins 
with the electrophoregrams of milk casein complex 
proteins;

– to estimate the reproducibility of the method based 
on the analysis of different whey samples.

4. Materials and methods of electrophoretic, 
densitometric, chromatographic and 

spectrophotometric studies of whey proteins

4. 1. Materials, reagents and equipment used in the 
study

Fresh skimmed milk was used. Milk skimming was 
carried out twice on an OPN-8 centrifuge (4,000 rp/m, 
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10 minutes). The casein complex protein preparation was 
obtained by isoelectric point precipitation [17]. Whey was 
isolated by centrifugation of skimmed milk (5,000 rp/m, 
10 minutes) after isoelectric precipitation of caseins. The 
procedure was repeated twice. Blood serum albumin 
(BSA) from Sigma (Germany) company and cow’s milk 
β-lactoglobulin were used as marker proteins in electro-
phoretic researches. Homogeneous β-LG was isolated from 
whey by repeated gel filtration on a column of Sephadex 
G-100 [18]. Sephadex from Pharmacia (Sweden) company 
was used for gel filtration. Buffer solutions and poly-
acrylamide gels for electrophoresis were prepared using 
reagents from Reanal (Hungary) company and domestic 
high-purity reagents.

Electrophoretic research was carried out on the Reanal 
company apparatus (for PAG columns) and the Studier 
type apparatus (for PAG slabs). Spectrophotometric de-
termination of whey protein and casein complex protein 
concentrations was performed on an SF-46 spectropho-
tometer. In this case, previously found absorption coef-
ficients (D1 %/1 cm) were used: 12.3 – for whey proteins; 
9.6 – for β-LG; 6.7 – for BSA; 8.2 – for casein complex 
proteins. Gel filtration was carried out on the columns of 
the Reanal company liquid chromatography kit.

4. 2. Methods of polyacrylamide gel electrophoresis 
of milk proteins and densitometry of electrophoregrams 

The B. Davis disc electrophoresis system in native con-
ditions for acidic and neutral proteins [15], analytical and 
express variants of the homogeneous PAG electrophoretic 
system with urea for the analysis of casein complex pro-
teins [15, 16] were used for selecting the electrophoretic 
system for whey protein express analysis.

Express electrophoresis of whey proteins was carried 
out in PAG slabs. In this case, electrophoresis conditions 
and buffer composition were used such as in the disc 
electrophoresis in native conditions for acidic and neutral 
proteins. The composition of homogeneous PAG of the 
electrophoretic system for express analysis is shown in 
Table 1.

The construction of densitograms for quantitative pro-
cessing of electrophoregrams was carried out by using the 
image reading function imread [19]. 

The mathematical and statistical processing of the 
research results was performed using the Microsoft Office 
Excel 2007 program packages. The average value and stan-
dard deviation of the comparative whey protein fraction 
contents were determined.

5. Results of electrophoretic researches of whey 
proteins 

5. 1. Selection of the basic electrophoretic system 
for express analysis of the fraction composition of whey 
proteins 

Whey protein electrophoresis was performed using 
known electrophoretic systems that were previously used 
for the analysis of milk proteins for selecting the basic 
method for the express analysis. The results of the analysis 
are shown on the electrophoregram (Fig. 1). A typical pic-
ture of whey protein separation by analytical disc electro-
phoresis in native conditions in PAG columns can be seen 
on the electrophoregram (Fig. 1 (1)). All basic protein 
fractions (β-LG, α-LA, BSA, IG) and proteose-peptone 
fraction (PPF) have been identified. Individual whey 
proteins obtained by repeated gel filtration on Sepha-
dex G-100 were used for identification. Also, whey was 
analyzed by a method developed for the express analysis 
of milk proteins, in particular, casein complex proteins 
(Fig. 1 (2)), based on the analytical homogeneous PAG 
anode system with urea (Fig. 1 (3)). Such system allows 
us to reliably identify all casein fractions that differ in 
the primary structure (αS1-CN, αS2-CN, β-CN and κ-CN). 
However, the bands of whey proteins in the electrophore-
gram obtained in this system are blurred and badly iden-
tified (Fig. 1 (4)).

 

Fig.	1.	Electrophoregrams	of	milk	proteins	in	different	
electrophoretic	systems:	1	–	whey	proteins	in	the	analytical	

disc	electrophoretic	system;	2	–	milk	casein	complex	proteins	
in	the	express	system	of	homogeneous	PAG	with	urea;	

3	–	milk	casein	complex	proteins	in	the	analytical	system	
of	homogeneous	PAG	with	urea;	4	–	whey	proteins	in	the	

express	system	of	homogeneous	PAG	with	urea

Table	1

Composition	of	polyacrylamide	gel	for	express	analysis

Solutions Part of the solution in the PAG (volume) Component Amount

Gel components 2

acrylamide 14 g

N,N’methylenebisacrylamide 0.4 g

Water to 50 cm3

Buffer for gel and 
catalyst

1

1 Н HCl 24 cm3

tris (hydroxymethyl)aminomethane 18.3 g

N,N,N’,N’ tetramethylethylenediamine 0.115 cm3

Water to 50 cm3

Initiator solution 5
ammonium persulphate are selected experimentally

Water to 25 cm3



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 2/11 ( 98 ) 2019

40

The disc electrophoretic system in native conditions 
was chosen on the basis of the obtained results as the ba-
sic for further researches. Then, a comparative analytical 
PAG disc electrophoresis of three whey samples, a sample 
of the homogeneous fraction of β-LG, obtained by repeat-
ed gel filtration, and BSA fraction was performed. The 
results are shown on the electrophoregram (Fig. 2, a). All 
basic fractions that are separated in this system were iden-
tified using marker proteins. The efficiency of separation 
is confirmed by the densitogram of the second sample of 
whey proteins (Fig. 2, b).

5. 2. Adaptation of the electrophoretic system for ex-
press analysis of whey protein fraction composition 

A separating gel of the analytical disc electrophoresis 
system with a concentration of acrylamide reduced by 0.5 % 
was used to create an express electrophoretic system. The 
duration of electrophoresis is also reduced to 35 minutes. 
Also, changes in the processes of fixing and staining of the 
gel slabs have been made. Staining and fixing are carried 
out simultaneously for 3 minutes. This reduces the duration 
of destaining. The basic protein fractions can be identified 
already after 25–30 minutes while using intense destaining. 
The results of the express analysis of three samples of whey 
and casein complex proteins are shown in Fig. 3. As can be 
seen on the electrophoregrams, the express system allows 

high-quality separation of the basic whey protein fractions. 
Three from four basic casein fractions, αS1-CN, β-CN and 
αS2-CN mixture, can be identified on the electrophoregram. 
The κ-CN fractions are blurred. The densitogram (Fig. 3, b) 
confirms the high efficiency of the express electrophoretic 
system in relation to whey proteins.

5. 3. Comparison of whey protein and casein complex 
protein electropherograms

It is known that a 4.5 M solution of urea promotes the 
dissolution of milk protein samples containing caseins. 
4.5 M urea was added to the gel composition to verify 
the effect of urea on the express electrophoresis result. 
The analysis results of three samples of whey and casein 
complex proteins in the presence of 4.5 M urea are shown 
in Fig. 4. It is necessary to note the increasing clarity of 
casein fractions on the electrophoregram. Whey protein 
bands became blurred and the ratio of protein fractions 
changed.

All previous electrophoregrams were obtained using 
Amido black 10B dye. In most modern methods of protein 
electrophoresis, a more sensitive dye, Coomassie G-250, is 
used. Fig. 5 shows an express electrophoregram of three 
samples of whey and casein complex proteins, stained 
with Coomassie G-250. The protein band staining is more 

Fig.	2.	Electrophoregram	and	densitogram	of	whey	proteins	
obtained	by	analytical	disc	electrophoresis:		

a	–	electrophoregram	of	three	whey	samples	(1–3),	β-LG	
(4)	and	BSA	(5);	b	–	densitogram	of	the	whey	sample	2	

electrophoregram
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Fig.	3.	Electrophoregram	and	densitogram	of	milk	proteins	
obtained	in	the	proposed	system	for	homogeneous	PAG	

slabs:	a	–	electrophoregram	of	three	samples	of	whey	(1–3)	
and	casein	complex	proteins	(4);	b	–	densitogram	of	the	

whey	sample	2	electrophoregram
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intense in the result, but the process of destaining became 
longer. It should be noted that additional bands of minor 
fractions appeared on the whey protein electrophoregram.

5. 4. Checking the electrophoretic system repro-
ducibility during the whey protein fraction composi-
tion analysis

The reproducibility of the method was estimated by 
the number of protein fractions in different milk batches, 
as well as by the relative distribution of protein content in 
the fractions of different samples of one batch. Character-
istic distribution of the four basic protein fractions (β-LG, 
α-LA, BSA and IG) and the proteose-peptone fraction 
was obtained in all analyzed milk batches (10 batches), as 
shown in the electrophoregrams (Fig. 3, a and Fig. 6). It is 
necessary to analyze samples from one milk batch to check 
the reproducibility of the four fractions relative content. 
This eliminates the effect of differences in the composi-
tion of whey proteins from different milk batches. A typ-
ical electrophoregram of five whey samples from one milk 
batch is shown in Fig. 6. A densitogram for each sample 
was constructed (Fig. 7), the average value and standard 
deviation of the relative content of protein fractions were 
determined (Table 2).

The average values of α-lactalbumin and BSA, shown 
in Table 2, are well agreed to the known literature data. 
Differences in the content of β-lactoglobulin and immu-
noglobulins, obviously, are due to the peculiarities of their 

interaction with the dye. In general, the average values 
of the fractions relative content and standard deviations 
(Table 2) testify about the good reproducibility of the 
method. This may be the basis for creating a quantitative 
version of this express method. The densitograms con-
struction can be used for quantitative assessment of the 
whey protein fractions homogeneity in the process of their 
obtaining.

Table	2

Content	of	protein	fractions	of	15	whey	samples	

No. of 
the whey 

sample 

Whey protein fractions

IG BSA α-LА β-LG

PAG slab No.1 

1 16 8 15 39

2 15 10 18 43

3 19 8 16 39

4 19 8 16 35

5 19 7 14 32

Average 
value 

(М±m, 
n=5)

17.6±1.9 8.2±1.1 15.8±1.5 37.3±4.2

PAG slab No.2

1 17 9 16 42

2 18 7 14 36

3 19 7 17 37

4 15 9 15 35

5 18 8 17 39

Average 
value 

(М±m, 
n=5)

17.4±1.5 8.0±1,0 15.8±1.3 36.5±2.8

PAG slab No.3

1 15 9 16 40

2 17 8 18 42

3 16 10 17 37

4 17 11 16 35

5 19 9 15 39

Average 
value 

(М±m, 
n=5)

16.8±1.5 9.4±1.1 16.4±1.1 38.3±2.7

 

Fig.	4.	Electrophoregram	of	milk	proteins,	obtained	in	the	
proposed	system	for	homogeneous	PAG	slabs	with	4.5	M	

urea:	a	–	milk	whey	sample	1;	b	–	milk	whey	sample	2;		
c	–	milk	whey	sample	3;	d	–	casein	complex	proteins

 

Fig.	5.	Electrophoregram	of	milk	proteins,	obtained	in	the	
proposed	system	for	homogeneous	PAG	slabs	and	stained	

by	Coomassie	G-250:	a	–	whey	sample	1;	b	–	whey	sample	2;	
c	–	whey	sample	3;	d	–	casein	complex	proteins

 

Fig.	6.	Electrophoregram	of	whey	samples,	obtained	in	the	
proposed	system	for	homogeneous	PAG	slabs	:	a	–	sample	1;	

b	–	sample	2;	c	–	sample	3;	d	–	sample	4;	e	–	sample	5
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6. Discussion of the whey protein fraction composition 
express analysis results

Two electrophoretic systems of disc electrophoresis (in 
the presence of SDS or in native conditions) and one sys-
tem of homogeneous PAG in the presence of urea are used 
in various modifications for the analysis of the milk pro-
tein fraction composition [5, 14, 15, 20]. On the basis of a 
homogeneous PAG system with urea, a method for milk ca-
sein complex protein express analysis was developed [16].  
Preliminary analysis of these methods (Fig. 1) shows that 
they cannot be used for the simultaneous analysis of all 
milk proteins. Two groups of milk proteins (caseins and 
whey proteins) significantly differ in their structure and 
properties [5]. Therefore, the express analysis on the basis 
of an electrophoretic system of homogeneous PAG with 
urea effectively separates casein complex proteins, but is 
not suitable for whey proteins. 

Both disc electrophoresis systems are complex and 
require the preparation of a large number of reagents. 
Also, while using disc electrophoresis with SDS, all whey 
proteins are denatured. It is known that casein protein 
fractions anomalously bind SDS [13]. This leads to a 
disparity between their electrophoretic mobility and mo-
lecular weight. In whey samples with caseins they will be 
difficult to identify.

In this connection, the system of disc electrophoresis in 
native conditions for acidic proteins was used as the basis [15].  
The analytical version of this system in the PAG slabs pro-
vides reliable identification of the basic whey protein frac-
tions and makes it possible to compare different samples 
with their simultaneous separation (Fig. 2). Its main dis-
advantage is the disc electrophoretic system complexity. 
Changes were made for its adaptation to the conditions of 
express analysis. The stacking PAG with the appropriate 
buffer was removed from the system. The concentration 
of the separating gel is reduced by 0.5 %. In this case, 
the composition of the electrode buffer and the buffer for 
the separating gel was unchanged. This made it possible 
to significantly simplify the electrophoretic system and 
at the same time provided a high separation efficiency 
by saving the effect of concentration of sample proteins 
(Fig. 3). The role of the stacking gel, in this case, is played 
by the upper part of the separating gel. This occurs as 
follows. At the beginning of electrophoresis, whey protein 
molecules and glycine ions from the electrode buffer move 
into the separating gel. In the case of disc electrophoresis, 
proteins and ions initially move into the stacking gel [21]. 
Then, the change of the pH at the boundary between the 
upper electrode buffer and the separating PAG accelerates 
the movement of glycine ions. This leads to the formation 
of the interface between Cl- and glycine ions, which move 
to the anode in the upper part of the separating PAG. An 
area with high electric field strength is formed, outside 
the ion interface where the sample protein concentration 
occurs. This process can be observed in ~7 minutes after 
the start of electrophoresis in the express system.

To simplify the system, considering the small volume of 
whey samples, we did not use a special sample buffer. The 
following results (Fig. 5) showed that staining can be done 
with the help of more accessible and cheap Amido black 
10B dye. All basic whey protein fractions are detected with 
it. Additional unidentified bands of minor protein fractions 
appear on the electrophoregram (Fig. 5) while using a more 

Fig.	7.	Densitograms	of	whey	samples	electrophoregrams	
obtained	in	the	proposed	system	for	homogeneous	PAG	

slabs:	a	–	sample	1;	b	–	sample	2;	c –	sample	3;		
d	–	sample	4;	e	–	sample	5	

    
 

    
 

 
 

a

    
 

    
 

 
 

b

    
 

    
 

 
 

c

    
 

    
 

 
 

d

    
 

    
 

 
 e



43

sensitive Coomassie G-250 dye. However, the procedure of 
staining and distaining is much faster with Amido black 
10B. Electrophoretic discoloration of gel slabs can be used 
to accelerate the process of distaining.

It is known that urea can improve the solubility of 
dry milk samples, especially when caseins are present 
[21]. However, the addition of 4.5 M urea into the sam-
ple and PAG significantly reduced the effectiveness of 
fractionation of whey proteins (Fig. 4). Obviously, their 
partial denaturation takes place. This is indicated by the 
simultaneous presence of characteristic bands for β-LG 
and α-LA, as well as new blurred protein bands on electro-
phoregrams. However, the quality of casein fractionation 
increases in this case (Fig. 4, e).

Simultaneous express analysis of 15 whey samples showed 
good reproducibility by the shape of protein bands (Fig. 6) 
and the content of the basic protein fractions (Table 2). 

The proposed electrophoretic system makes it possible 
to quickly analyze the fractional composition of whey pro-
teins, as well as the homogeneity of individual fractions 
in the process of their obtaining. However, for the precise 
determination of each fraction content, further researches 
with the use of whey with a standard quantitative compo-
sition of protein fractions are required.

7. Conclusions

1. The disc electrophoresis system for acidic proteins 
in native conditions was chosen on the basis of the com-

parison of different electrophoretic systems and the sepa-
ration efficiency of the basic milk protein fractions, which 
allows reliable identification of milk protein fractions, in 
particular, β-LG, α-LA, BSA, PPF and IG. 

2. An electrophoresis variant that meets the requirei-
ments of express analysis (significantly reduced number 
of required reagents and duration of the analysis) is pro-
posed based on the disc electrophoresis system. At the 
same time, due to the preservation of the concentrating 
effect of protein samples in a homogeneous PAG, separa-
tion and identification of the basic milk protein fractions 
(β-LG, α-LA and BSA), which are the precursors of many 
known BAPs, are achieved.

3. Simultaneous electrophoresis of whey and casein 
proteins showed the possibility to detect and identify the 
basic whey protein fractions (β-LG, α-LA) in the presence 
of caseins. The BSA fraction may coincide by electropho-
retic mobility with the αS1-CN-8P fraction.

4. By the number of identified whey protein fractions 
in all analyzed samples from 10 batches of milk, the re-
sults completely coincide. Four protein fractions (β-LG, 
α-LA, BSA and IG) have been identified. Average values 
and standard deviations of the relative content of these 
fractions in 15 whey samples from one milk batch, ob-
tained on the basis of densitometry of three electrophore-
grams, were also found to be close: the β-LG (37.3±4.2, 
36.5±2.8, 38.3±2.7), α-LA (15.8±1.5, 15.8±1.3, 16.4±1.1), 
BSA (8.2±1.1, 8.0±1, 0,9.4±1.1), IG (17.6±1.9, 17.4±1.5, 
16.8±1.5). This may testify about a good reproducibility 
of the method.
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