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The object of this study is three lactoferrin (LF) 
preparations used as bioactive supplements. The prob-
lem of determining the fractional composition of pro-
teins in lactoferrin preparations was solved. 

The molecular weights of proteins in LF prepara-
tions have been determined by gel filtration on Sephadex 
G-25 and G-100. It was established that all three prepara-
tions contain proteins which molecular weights, includ-
ing LF, are in the range from 5000 to 100000 Da. Low-
molecular-weight (about 1000 Da) peptides were found 
in one preparation, which constitute 9 ± 3% of all pro-
tein impurities. Four different electrophoretic systems in 
polyacrylamide gel (PAG) were used to identify proteins 
in LF preparations. It was found that in order to detect 
whey protein fractions in preparations it is advisable 
to combine electrophoretic systems under native condi-
tions with a disc electrophoresis system in the presence 
of sodium dodecylsulfate (SDS). Casein fractions can be 
detected by combining electrophoresis in the presence 
of urea and disc electrophoresis with SDS. Quantitative 
analysis of the relative content of impurity proteins was 
performed by the densitometry of PAG plates after disc 
electrophoresis in the presence of SDS. In the studied 
preparations (LF1, LF2, LF3), in addition to LF, β-lacto-
globulin (β-Lg), blood serum albumin (BSA), and αS1-ca-
sein (αS1-CN) were detected. The relative content of 
these fractions from all proteins in the preparations is 
as follows: in LF1 – β-Lg (3 ± 0.4%), αS1-CN (< 1%), BSA 
(< 1%); in LF2 – β-Lg (3 ± 0.3%), αS1-CN (1 ± 0.2%), BSA 
(1 ± 0.3%) and in LF3 – β-Lg (3 ± 0.4%), αS1-CN (1 ± 0.2%), 
BSA (5 ± 0.6%). All the studied LF preparations differ in 
the content and ratio of protein fractions, which may 
indicate the need to analyze the protein composition of 
each batch of the preparation
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1. Introduction

The bioactive milk protein lactoferrin has a wide range of 
positive effects on the body. These include bactericidal and an-
tiviral activity [1], immunomodulatory and anticarcinogenic 
effects [2], regulation of lipid metabolism [3], and promotion 
of iron ion absorption [4]. Given this, lactoferrin is used in 
food products for children, the elderly, athletes, and for dis-
orders of the digestive and immune systems. Multi-tonnage 
production of lactoferrin preparations has been established 
in the world. An important characteristic of such prepara-
tions is the degree of purification of lactoferrin from other 
milk proteins, which must be constantly monitored. Studies 
of lactoferrin preparations usually indicate its content, as 
well as the content of proteins in general. At the same time, 
an analysis of the fractional composition of impurity proteins 
is not performed. Such data may be important when using 
lactoferrin preparations. It is known that lactoferrin is isolat-
ed on an industrial scale from skim milk and various types of 
whey, which is dairy by-product in the production of acid and 
rennet caseins [5], as well as curds and hard cheeses [6, 7]. In 

this case, it is extracted from the raw material and purified by 
ion-exchange chromatography on cation exchangers, as well 
as a combination of various types of filtration. As a result are 
obtained the preparations that can contain from 85 to 95% 
lactoferrin. In addition to lactoferrin, to their composition, 
depending on the used raw materials and the purification 
technique may include other milk proteins or their fragments. 
First of all, this applies to proteins that are similar in properties 
to lactoferrin or are capable of forming complexes with it. Such 
proteins include lactoperoxidase (LP), αS1-casein (αS1-CN), 
αS2-casein (αS2-CN), β-casein (β-CN), and κ-casein (κ-CN). 
Most modern studies on the degree of lactoferrin purification 
use various modifications of the Laemmli disc electrophore-
sis procedure under denaturating conditions in the presence 
of sodium dodecylsulfate (SDS). In this case, the lactoferrin 
fraction in the preparation is well identified. However, the 
qualitative and quantitative analysis of other milk proteins 
in preparations can be complicated. This is due to their high 
heterogeneity and different properties [8]. Therefore, it may 
be appropriate to use other electrophoretic systems for the 
characterization of industrial lactoferrin preparations, which 
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of proteins in industrial lactoferrin preparations. This will 
allow a more objective assessment of their quality and the 
possible influence of protein fractions on the biological effect 
of lactoferrin.

To achieve the goal, the following tasks were set:
– to characterize the molecular weights of proteins in in-

dustrial lactoferrin preparations by gel filtration on columns 
with Sephadex G-25 and G-100;

– to obtain electrophoregrams and characterize the frac-
tional composition of proteins in lactoferrin preparations in 
electrophoretic systems used for the analysis of whey proteins 
and casein complex;

– to obtain electrophoregrams and characterize the qual-
itative and quantitative composition of proteins in lactoferrin 
preparations by disc electrophoresis in the presence of SDS.

4. The study materials and methods

The object of our study is three lactoferrin prepara-
tions used as bioactive supplements. These preparations, 
conditionally designated as LF1, LF2, and LF3, were 
obtained for research from PJSC “Ternopil Dairy Plant”  
(Ternopil, Ukraine).

The principal hypothesis assumes that lactoferrin prepa-
rations differ in the fractional composition of protein impu-
rities. This may be due to the use of different types of raw 
materials for their production. Protein impurities may affect 
the biological effect of lactoferrin preparations.

Control samples of casein complex and whey proteins 
were isolated from skim milk obtained at PJSC “Terno-
pil Dairy Plant”. Caseins were isolated by centrifugation 
(5000 rpm, 10 min) on an OPN-8 centrifuge (VAT TNK “Das-
tan”, Kyrgyz Republic) after adjusting the pH to the isoelec-
tric point of 1 M HCl. The resulting precipitate was dissolved 
in distilled water by adding 1 M NaOH, ensuring that the pH 
value did not exceed 7.5. The precipitation procedure was 
repeated twice. After the second dissolution, the casein was 
lyophilized. The whey preparation was obtained after isoelec-
tric precipitation of casein. 

Gel filtration of lactoferrin preparations was carried 
out using chromatographic columns, buffer and sam-
ple containers from the company “Reanal” (Hungary). 
Chromatographic fractions were collected using a Yar-
go fraction collector (BioMark, Ink, Ukraine). Sephadex 
G-25 (medium) and G-100 (super-fine) from the company 
“Pharmacia” (Sweden) were selected for gel filtration. The 
molecular weight fractionation ranges for these Sephadex 
species complement each other and are from 0 to 5000 Da 
(for Sephadex G-25) and from 4000 to 100,000 Da (for Sep-
hadex G-100).

Electrophoresis of lactoferrin preparations under native 
conditions was performed in an analytical disc electro-
phoresis system in PAG for neutral and acidic proteins as 
described in [16], as well as in an express electrophoresis 
system in homogeneous PAG [17]. Electrophoresis of lacto-
ferrin preparations in homogeneous PAG in the presence of 
urea was performed according to the method proposed ear-
lier [16]. The listed electrophoretic studies were performed 
on a Stadier-type apparatus manufactured in the laboratory 
at the Department of Food Biotechnology and Chemistry 
of the Ivan Puluj Ternopil National Technical Universi-
ty (TNTU, Ukraine). The characteristics of the apparatus 
are described in [16].

allow for the effective identification of whey proteins and the 
casein complex of milk. Thus, devising and optimizing elec-
trophoretic methods for analyzing lactoferrin preparations 
are critically important for ensuring their quality, efficiency, 
and safety in medical and food applications.

2. Literature review and problem statement

For analyzing industrial lactoferrin preparations, various 
types of modern liquid chromatography are used, as well as 
polyacrylamide gel electrophoresis (PAG) [9, 10]. High-per-
formance liquid chromatography (HPLC) in combination 
with mass spectrometry allows for quantitative and qualita-
tive analysis of lactoferrin preparations proteins. However, 
this method is very expensive and unsuitable for serial anal-
ysis of samples under production conditions. It is more often 
used in scientific research. 

For serial studies on industrial lactoferrin preparations, 
electrophoresis in vertical PAG plates is more convenient and 
affordable, which allows the simultaneous comparison of the 
protein composition of about 10 preparations under absolutely 
identical conditions. The Committee on Milk Protein Nomen-
clature and Methodology of the American Dairy Science As-
sociation recommended disc electrophoresis under denaturing 
conditions in the presence of SDS to analyze whey proteins [11]. 
In practice, electrophoretic systems of disc electrophoresis in the 
presence of SDS, proposed by Laemmli [12], are used for analyz-
ing lactoferrin preparations. In this system, lactoferrin itself is 
well identified in preparations with a high degree of purification 
(90–95%), as well as the main whey proteins β-lactoglobulin  
(β-Lg) and α-lactalbumin (α-La). However, lactoferrin and 
lactoperoxidase are inefficiently separated in this system [13]. 
These proteins have similar molecular weights [14]. In addi-
tion, on the electrophoresis LP, which is present in the prepa-
ration in small quantities, it can be masked by a broad band 
of lactoferrin. As for caseins, their main fractions αS1-CN and 
β-CN behave abnormally during disc electrophoresis in the 
presence of SDS. This is due to differences in SDS binding [15], 
which complicates their identification on electrophoresis. 
Also, these casein fractions can form a common band, which 
is explained by the closeness of their molecular mass values. 
Thus, determining the full fractional composition of lactofer-
rin preparations by disc electrophoresis alone in the presence 
of SDS is problematic.

There are known other electrophoretic systems that are 
used for the milk proteins analysis [15]. This is electropho-
resis in homogeneous PAG in the presence of urea, which 
allows for the effective identification of all casein fractions. 
For analyzing whey proteins, a disc electrophoresis system 
can be used under native conditions [16]. These electropho-
retic systems are not suitable to analyze lactoferrin itself and 
require some modification. However, they can be used for 
the analysis of impurity proteins in lactoferrin preparations.

Thus, none of the electrophoretic systems can make it 
possible to resolve the complete fractional composition of 
proteins in lactoferrin preparations. To solve this issue, com-
bining different electrophoretic systems may be promising.

3. The aim and objectives of the study

The aim of our study is to select combinations of electro-
phoretic systems for determining the fractional composition 
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Disc electrophoresis in the presence of SDS of lactofer-
rin preparations was performed in the scientific laboratory 
at the Department of Dairy Products and Quality Man-
agement, the University of Warmia and Mazury (Olsztyn, 
Poland), according to the method reported in [18]. For the 
analysis, the Mini-PROTEAN® 3 Cell apparatus from Bio-
Rad (Italy), ready-made 12% PAG plates, and a set of ten 
marker proteins with molecular weights from 10,000 to 
250,000 Da from Bio-Rad Laboratories (USA) were used. 
All lactoferrin preparations were analyzed in quadruplicate 
on two PAG plates for quantitative evaluation. Quantitative 
processing of PAG plates was performed using the imread 
graphic image reading function in the MATLAB pack-
age (MathWorks, USA). 

The concentration of proteins in the samples was deter-
mined spectrophotometrically in the ultraviolet region of the 
spectrum on an Agilent Cary 60 spectrophotometer (Agilent 
Technology, USA). The following absorption coefficients at a 
wavelength of λ = 280 nm were used to calculate the concen-
tration: 12.3 – for whey proteins; 8.2 for total casein; and 9.91 
for lactoferrin [8].

Mathematical and statistical processing of the results 
was carried out using the Microsoft Office Excel 2007 soft-
ware package (Microsoft Corporation, USA). Electrophoretic 
analysis of lactoferrin preparations was carried out with four 
repetitions to increase the reliability of the results. The data 
obtained during quantitative evaluation were entered into 
spreadsheets in the Microsoft Office Excel 2007 program. 
For each set of results, the average value of the value ob-
tained from four repetitions and the standard deviation were 
calculated.

5. Results of investigating the fractional composition 
of proteins in lactoferrin preparations in different 

electrophoretic systems

5. 1. Characterization of molecular weights of pro-
teins in industrial lactoferrin preparations

To estimate the molecular weights of possible impurities 
of protein and peptide nature in lactoferrin preparations, 
gel filtration was used on two types of Sephadex – G-25 
and G-100. The results of gel filtration of three lactoferrin 
preparations on Sephadex G-25 are shown in Fig. 1. Prepara-
tions LF1 and LF2 on chromatograms (Fig. 1, a, b) are repre-
sented by one symmetrical peak, the elution volume of which 
from the column is equal to the free volume. The molecular 
weights of proteins and polypeptides (except lactoferrin) in-
cluded in this peak are ≥ 5000 Da. Impurities with M < 5000 
Da are almost absent. In the LF3 preparation (Fig. 1, c), in addi-
tion to the main peak, there is also a small amount of peptides 
(M about 1000 Da), which elute with a volume close to the full 
column volume. Their amount of all impurities is 9 ± 3%.

The results of lactoferrin preparation gel filtration on a 
Sephadex G-100 column are shown in Fig. 2.

The shape of the chromatographic profiles of all three 
preparations is similar and includes one main peak, which 
consists mainly of lactoferrin molecules, as well as impurities 
with molecular weights of about 100,000 Da and above. A 
significant number of polypeptide impurities have molecular 
weights between 4000 and 100,000 Da and are represented 
in the chromatogram of all preparations by two small peaks. 
This range includes the proteins of the casein complex of 
milk and most of the major whey proteins [11].
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Fig. 1. Chromatograms of lactoferrin preparations obtained by gel filtration on a Sephadex G-25 column: 	
a – LF1; b – LF2; c – LF3
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Fig. 2. Chromatograms of lactoferrin preparations obtained 
by gel filtration on a Sephadex G-100 column: 	

a – LF1; b – LF2; c – LF3

5. 2. Studies of lactoferrin preparations in electro-
phoretic systems used for the analysis of caseins and 
whey proteins

Considering the methods of isolation and purification of 
lactoferrin from different types of dairy raw materials, it can 
be predicted that the main impurity proteins will be, first of all, 
whey proteins. For serial analyses of such proteins, the analyt-
ical system of disc electrophoresis under native conditions is 
effective [16]. The results of disc electrophoresis of the control 
whey sample, three lactoferrin samples, and total casein are 
shown in Fig. 3, a. The electrophoregram of the control whey 
and casein samples (lanes 1 and 5) clearly shows all the main 
whey fractions (β-Lg A and B, α-La, BSA, Ig), as well as two ca-
sein fractions (αS1-CN, β-CN) and a mixture of αS2-CN fractions.

To improve the efficiency of protein separation of lac-
toferrin preparations in the following analyses, an express 
system of electrophoresis in homogeneous PAG under native 

conditions with an increased pH value of PAG and electrode 
buffer to 9.0 was used. The results of electrophoresis of a con-
trol whey sample and three lactoferrin preparations in such a 
system are shown in Fig. 3, b.

To identify caseins, which according to literature data are 
present in lactoferrin preparations [13], an electrophoretic 
system of homogeneous PAG with urea was used [16]. This 
system allows us to detect all casein fractions. The results of 
electrophoresis in the presence of urea of the control total ca-
sein, the LF3 preparation, and milk whey are shown in Fig. 4.

 

 
  

 

 
  

 

 
  

 

  
  

 

  
  

 

 
  

Fig. 4. Electrophoregram obtained by electrophoresis in 
homogeneous PAG in the presence of urea: 	

1 – control casein sample; 2 – lactoferrin LF3 preparation; 
3 – control whey sample

a

b  

Fig. 3. Electrophoregrams: a – control sample of milk whey (1), 
three preparations of lactoferrin LF1 (2), LF2 (3), LF3 (4), 
and control sample of total casein (5), obtained by disc 

electrophoresis under native conditions; b – control sample of 
milk whey (1), three preparations of lactoferrin LF1 (2), LF2 (3), 

and LF3 (4), obtained by express electrophoresis with increased 
pH PAG
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The electrophoregram of total casein shows all casein 
fractions (Fig. 4, 1). Whey proteins in this system form blurred 
bands (Fig. 4, 3) due to the denaturing effect of urea. Among the 
three lactoferrin samples, only in the LF3 preparation there was 
a small amount of the αS1-CN fraction detected (Fig. 4, 2). In the 
other preparations, caseins in the free state are absent.

5. 3. Analyzing the qualitative and quantitative 
composition of lactoferrin preparations by disс elec-
trophoresis in the presence of sodium dodecylsulfate

To study the protein composition of lactoferrin prepara-
tions by molecular weights, a variant of the Laemmli disc 
electrophoresis system in the presence of SDS was used [18]. 
The results of the qualitative analysis of lactoferrin prepa-
rations by disc electrophoresis in the presence of SDS are 
shown in the electrophoregram (Fig. 5). In parallel, to iden-
tify the protein fractions of the preparations, a separation of 
a set of marker proteins with known molecular weights was 
carried out (Fig. 5, 1). The electrophoregram shows that the 
composition of the preparations, in addition to lactoferrin, in-
cludes three distinct protein fractions, which are marked on 
the electrophoregram as X1, X2, and X3. Given their location 
relative to the marker proteins, they can be identified in the 
PAG plate as β-lg (X1), αS1-CN (X2), and BSA (X3). In addition 
to the three fractions mentioned, all preparations contain 
minor fractions in trace amounts (<1%).

Based on densitometry of all lanes of lactoferrin preparations, 
the relative content of lactoferrin and fractions designated as 
X1, X2, and X3 were calculated. The results are given in Table 1.

6. Discussion of results based on the analysis of the 
fractional composition of proteins in lactoferrin 
preparations in different electrophoretic systems 

Gel filtration of lactoferrin preparations on two types 
of Sephadex (G-25 and G-100) with different fractionation 
ranges allowed us to preliminarily estimate the content and 
molecular weights of protein impurities in them. Only in one 
preparation (LF3) there was a small amount of peptides with 
molecular weights of about 1000 Da (Fig. 1). The remaining 
proteins and polypeptides have a molecular weight exceed-
ing 5000 Da. This is evidenced by the chromatographic 
profiles of lactoferrin preparations obtained by gel filtration 
on Sephadex G-100 (Fig. 2). Comparing the gel filtration data 
and the known values for the proportion of lactoferrin in the 
total protein of its preparations, we can conclude that the mo-
lecular weights of the main part of the proteins and polypep-
tides of the impurities are in the range from 5000 to 100,000 
Da. At the same time, the upper limit may have a lower value 
since the first peak in the chromatograms, which includes 
lactoferrin (M = 76,110 Da), does not start with protrusions 
and elutes from the column with a volume exceeding the free 
volume (Fig. 2). This excludes the presence of proteins with 
significantly higher molecular weights in lactoferrin prepara-
tions. Among the impurity proteins with molecular weights 
from 5,000 to 100,000 Da, there may be the main whey 
proteins (β-Lg, α-La, and BSA), all casein fractions (αS1-CN, 
αS2-CN, β-CN, and κ-CN), fragments of β-casein [8]. In lac-
toferrin preparations obtained from cheese whey, there may 
be various peptides, in particular glycomacropeptide (GMP), 
which are formed under the action of milk-clotting enzymes 
on caseins [19, 20].

Gel filtration methods cannot establish the fractional 
composition of impurity proteins in lactoferrin preparations. 
This is not possible because of their low resolution [13]. 
However, the information obtained on the molecular mass 
distribution of protein fractions allows for adequate selection 
of electrophoretic analysis conditions. This can be achieved 
by combining electrophoretic systems used for the analysis of 
milk proteins [16, 18]. Given the wide variety of proteins and 
polypeptides that may be part of lactoferrin preparations, it 
should be noted that none of the known electrophoretic sys-
tems can equally effectively separate all of these proteins [15]. 
Thus, to identify the most probable whey proteins in lactofer-
rin preparations, the analytical disc electrophoresis system 
can be successfully used under native conditions. In this case, 
it is possible to reliably identify all the main whey proteins in 
the undenatured state, including the genetic variants A and B 
of β-lactoglobulin [16]. Comparison of the results of our anal-
ysis of lactoferrin preparations in this system with the results 
of electrophoresis in the presence of SDS can provide valuable 
information about the temperature conditions for the isolation 
and purification of lactoferrin. It is known that some types of 

biological action of lactoferrin are very sensitive to 
heating [10]. When using the original methodolo-
gy of the analytical system of disc electrophoresis 
under native conditions, it is not possible to visu-
alize the band of lactoferrin itself, which remains 
near the starting line (Fig. 3, a, 2–4). In addition, 
this band may include a lactoperoxidase fraction 
with similar properties [13]. 

To improve the visualization of the lactofer-
rin fraction, another variant of electrophoresis 
under native conditions was proposed – express 

 

 
  

Fig. 5. Electrophoregram of a set of marker proteins 
(×1000 Da) – lane 1 and lactoferrin preparations: LF1 – lanes 2 

and 5; LF2 – lanes 3 and 6; LF3 – lanes 4 and 7, obtained by disc 
electrophoresis in PAG in the presence of SDS

Table 1

Relative content of protein fractions in lactoferrin preparations (M ± m, n = 4)

Lactoferrin 
preparations

Relative content of protein fractions, %

β-lactoglobulin αS1-casein whey 
albumin lactoferrin other  

proteins
Preparation LF1 3 ± 0.4 Traces* Traces* 93 ± 2.5 4 ± 0.6
Preparation LF2 3 ± 0.3 1 ± 0.2 1 ± 0.3 90 ± 2.3 5 ± 0.7
Preparation LF3 3 ± 0.4 3 ± 0.5 5 ± 0.6 84 ± 1.9 5 ± 0.6

Note: Traces – content less than 1%.
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electrophoresis in homogeneous PAG [17] with an increased 
pH value of the electrode buffer and gel. As can be seen in 
the electrophoregram (Fig. 3, b, 1), the express system allows 
one to detect all the main fractions of whey proteins. Traces of 
these proteins are visible on the tracks of lactoferrin prepara-
tions (Fig. 3, b, 2–4). First of all, this applies to the BSA and β-Lg 
fractions. Lactoferrin under such conditions forms a clear band 
in the gel plate. The blurring of protein bands on electrophore-
gram may be associated with partial thermal denaturation of 
whey proteins during the isolation and purification of lactofer-
rin. Casein fractions were not detected in all three preparations. 
The use of a homogeneous gel in a native system significantly 
simplifies analysis without reducing the efficiency of whey 
protein separation. This is due to the preservation of the effect 
of concentration of sample proteins after their entry into the gel. 
Casein fractions are not detected in the analysis of lactoferrin 
preparations in native systems (Fig. 3). They may form com-
plexes with lactoferrin [11] or aggregates of different sizes under 
native conditions and do not appear as clear bands [8]. To iden-
tify caseins, an anodic electrophoretic system is used in a homo-
geneous PAG in the presence of urea [16]. Only in one (LF3) of 
the three preparations was it possible to detect a fraction that is 
similar in electrophoretic mobility to αS1-CN (Fig. 4).

For visualization of native and denatured whey proteins 
in lactoferrin preparations, disc electrophoresis under dena-
turing conditions in the presence of SDS is well suited [15]. 
This system allows for effective quantitative and qualitative 
analysis of the main whey proteins (Fig. 5). The results of 
quantitative analysis based on densitometry reveal that the 
majority of the impurity proteins are whey proteins (Table 1). 
The separation of caseins in this system is complicated by 
the closeness of their molecular masses. However, in com-
bination with electrophoresis in the presence of urea, casein 
fractions can be identified. In this case, this is confirmation 
of the presence of the αS1-casein fraction in the LF3 prepa-
ration. When comparing the results of electrophoresis with 
SDS (Fig. 5) and under native conditions (Fig. 3), it can be 
concluded that in these preparations in the denatured state 
there is a β-Lg fraction, and in the LF3 preparation there is de-
natured BSA and traces of α-La. To obtain a complete picture 
of the fractional composition of protein impurities in lactofer-
rin preparations, it is advisable to use a combination of three 
electrophoretic systems: express electrophoresis under native 
conditions, electrophoresis in the presence of urea, and disc 
electrophoresis under denaturating conditions in the pres-
ence of SDS. Such a combination of electrophoresis can be 
practically applied for the analysis of lactoferrin preparations 
at enterprises where it is produced or used. All of the above 
methodologies can be implemented in a Stadier-type appara-
tus, which was adapted for the analysis of milk proteins [16].

The disadvantage of our study when using the proposed 
combination of electrophoresis is the inability to detect most 
minor proteins. In addition, the set of standard marker pro-
teins used in the work does not allow for the unambiguous 
identification of individual protein fractions. First of all, this 
drawback concerns casein fractions. Further development of 
this study may involve the use of special markers from puri-
fied milk proteins.

7. Conclusions

1. Gel filtration of three lactoferrin preparations (LF1, 
LF2, LF3) using a combination of Sephadex G-25 and G-100 

showed that about 90% of protein impurities have molecular 
weights in the range from 5000 to 100,000 Da. Low-molec-
ular peptides (about 1000 Da) in significant quantities were 
found only in one preparation (LF3) and constitute 9 ± 3% of 
all protein impurities.

2. For the identification of whey proteins, it is advisable 
to use express electrophoresis under native conditions in 
combination with disc electrophoresis in the presence of 
SDS. Such a combination also allows one to establish their 
denatured state, in contrast to studies that were conducted 
earlier and used only disc electrophoresis with SDS. Elec-
trophoresis with SDS separates proteins exclusively in the 
denatured state. Casein identification can only be effective-
ly performed by a combination of urea electrophoresis and 
disc electrophoresis with SDS. This is due to the abnormal 
binding of casein fractions to SDS. These combinations 
allow reliable detection of the following protein fractions in 
lactoferrin preparations: β-Lg, α-La, BSA, αS1-CN, αS2-CN, 
and β-CN.

3. For quantitative analysis, PAG plates obtained by disc 
electrophoresis of lactoferrin preparations in the presence of 
SDS are better suited. β-Lg, BSA, and αS1-CN were detected in 
the studied lactoferrin preparations. The relative content (%) 
of these fractions from all proteins of the preparations is: in 
LF1 – β-Lg (3 ± 0.4%), αS1-CN (< 1%), BSA (< 1%); in LF2 – 
β-Lg (3 ± 0.3%), αS1-CN (1 ± 0.2%), BSA (1 ± 0.3%); and in 
LF3 – β-Lg (3 ± 0.4%), αS1-CN (1 ± 0.2%), BSA (5 ± 0.6%).
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