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Abstract
Milk whey proteins carry out a number of important biological functions and also they are precursors of many biologically
active peptides (antihypertensive peptides, antagonists of opioid receptors, regulators of intestinal motility, immunomodulatory,
anti-microbial and anti-cancer peptides, appetite regulators and so on.). An important stage in natural bioactive peptides obtaining
from milk whey proteins is the isolation of homogeneous proteins-precursors. Considering the significant difference in the molecular
masses of whey proteins, a promising method for their selection is gel filtration. The purpose of the research was the fractionation of
bioactive peptides precursors from milk whey using gel filtration on Sephadex G-150. The whey was obtained from fresh skimmed
milk after isoelectric precipitation of casein. Gel filtration was carried out on the columns from a liquid chromatography kit by the
“Reanal” company. The fractional composition and the degree of homogeneity of milk whey proteins were determined by disc-electrophoresis in the plates of a polyacrylamide gel. A repeated gel filtration of fractions from the chromatographic peaks, separated
into sections, was performed to increase the fractionation efficiency. While choosing a dextran gel for gel filtration of precursors of
biologically active peptides from milk whey proteins, we have taken into account the range of their molecular weights (from 10000
to 150000 Da), the ability to form supramolecular structures (β-LG), as well as the previously obtained results of gel filtration. As a
result, it was shown that repeated gel filtration of milk whey on Sephadex G-150 allows efficiently fractionate the proteins-precursors
of bioactive peptides. The range of peptides and proteins molecular weights that can be fractionated on this Sephadex is from 5000
to 300 000 Da. The usage of repeated gel filtration on Sephadex G-150 with the chromatogram separation into sectors allows to effectively fractionate proteins-precursors of bioactive peptides from milk whey. In particular, homogeneous β-lactoglobulin (degree
of homogeneity >95 %) and partially purified α-lactalbumin, as well as a group of immunoglobulins and a proteose-peptone fraction
were obtained.
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1. Introduction
The main proteins of milk whey β-lactoglobulin (β-LG), α-lactalbumin (α-LA), lactoferrin
(LF), blood serum albumin (BSA) and possibly immunoglobulin (IG) belong to the precursors of
biologically active peptides (BAP) [1]. Many natural BAP are in the composition of milk whey
proteose-peptone fraction (PPF) [2]. Most of the BAP can be formed in the processes of β-LG
proteolysis. About a half of amino acid residues from its primary structure are a part of the composition of different BAP. Bioactive peptides from β-LG can influence the cardiovascular system
(antihypertensive peptides), cholesterol metabolism (hypocholesterolemic peptides), and intestinal
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motility. In α-LA almost 40 % of amino acid residues form BAP, which often exhibit bactericidal,
immunomodulatory and antihypertensive effects [2]. The bactericidal action is characteristic for
bioactive peptides from lactoferrin (~10 % amino acid residues) [3]. The great heterogeneity of
milk whey proteins and the considerable variety of BAP that can be formed from them are the
main deterrent factors for the use of this phenomenon in the creation of functional ingredients and
food products. Therefore, creating of accessible and effective methods for obtaining homogeneous
precursors of BAP from milk whey is relevant.
Existing methods of milk whey proteins fractionating are based on differences in their
structure and properties. These are the ability to dissolve in the presence of salts (differential precipitation) [4, 5], resistance to heating (thermocoagulation) [4], resistance to proteolytic enzymes
(selective proteolysis) [6], differences in molecules charges (ion exchange chromatography) [4, 7].
But for industrial using these methods are either too complicated or lead to irreversible changes
in the structure and chemical composition of whey proteins. This makes it impossible to obtain
natural BAP from them.
In this regard, the method of gel filtration attracts attention. It allows carrying out the protein molecules fractionation by the molecular masses in a wide range of conditions [8]. The native
structure and chemical composition of proteins are saved in this case. The precursors of BAP from
whey proteins significantly differ in molecular weights. This is an important prerequisite for their
efficient fractionation in the process of gel filtration.
While choosing a dextran gel for the gel filtration of BAP precursors from whey proteins,
the range of their molecular weights, the ability to form supramolecular structures (β-LG) was
taken into account by the authors. Sephadexes G-100 and G-150 with a certain approximation may
be used for the peptides and proteins fractionation with such ranges of molecular weights. Previous
studies have shown that gel filtration is appropriate for the obtaining of milk whey total protein,
separate groups of whey proteins and a mixture of low molecular weight components of the proteose-peptone fraction [9]. At the same time, it was ineffective in the obtaining of homogeneous
proteins from milk whey. Repeated gel filtration and dividing the chromatographic peaks into the
sectors for the proteins fractions selection can be used to increase the resolution of gel filtration.
Such an approach has given good results in the obtaining of individual proteins from casein complex [10]. Also, the results of repeated gel filtration of milk whey proteins on Sephadex G-100, previously carried out at the Department of Food Biotechnology and Chemistry of Ternopil Ivan Puluj
National Technical University (Ukraine) were taken into account [11]. According to this, Sephadex
G-150 was selected for repeated gel filtration. The range of peptides and proteins molecular masses
that can be fractionated on this Sephadex is from 5000 to 300,000 Da. The aim of the study was to
isolate β-LG from milk whey by repeated gel filtration on Sephadex G-150, which would allow to
save its structure and to use it as a precursor of biologically active peptides.
2. Materials and methods
The whey was obtained from fresh cow skimmed milk (18–19 oT) by precipitation of caseins at isoelectric point (pH 4.6). The whey was purified from low molecular weight compounds
and transferred to the appropriate electrophoresis buffer by gel filtration on the Sephadex G-25
of “Pharmacia” (Sweden) company while using in electrophoretic researches. Gel filtration was
performed on columns (2×35 cm) from the liquid chromatography kit of “Reanal” (Hungary)
company. The amount of milk whey sample was 5 cm3. The elution speed was set at 20 cm 3/h.
For the construction of the chromatogram, the optical density in the fractions was determined
on a spectrophotometer SF-46 (“LOMO”, Russia) (λ=280 nm). The gel filtration on the Sephadex
G-150 from “Pharmacia” company was carried out on columns (1.5×70 cm) from the “Reanal”
company liquid chromatography kit. The elution speed was set at 20 cm3/h. The volume of selected fractions was 4 cm3.
The fractional composition and homogeneity of milk whey proteins were analyzed by
disc-electrophoresis in the plates of polyacrylamide gel (PAG). Davis disc-electrophoresis analytical system for acidic and neutral proteins in the native conditions was chosen as the basis [12]. Gels
were stained in 0.5 % Amido black 10B solution and fixed in 7 % acetic acid. Electrophoresis was
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performed on the apparatus of Studier type [13]. Stacking and separating PAGs were prepared as
shown in Tables 1, 2.
Table 1
The composition of the separating PAG
Solutions

Part of the solution in
the PAG (volume)

Component
acrylamide

15 g

Gel components

2

N,N’methylenebisacrylamide

0,4 g

water

to 50 cm3

1 Н HCl

24 ml

Buffer for gel and
catalyst

1

Initiator solution

5

Amount

tris (hydroxymethyl)aminomethane

18,3 g

N,N,N’,N’ tetramethylethylenediamine

0,115 cm3

water

to 50 cm3

ammonium persulphate

are selected
experimentally

water

to 25 cm3

Component

Amount

acrylamide

5g

N,N’methylenebisacrylamide

1,25 g

water

to 50 cm3

1Н H3PO4

12,8 ml

tris (hydroxymethyl)aminomethane

2,85 g

water

to 50 cm3

ammonium persulphate

are selected
experimentally

N,N,N’,N’ tetramethylethylenediamine

0,115 ml

water

to 5 ml

saccharose

20 g

water

to 50 cm3

Table 2
The composition of the stacking PAG
Part of the solution in
the PAG (volume)

Solutions

Gel components

Buffer for gel

Initiator and catalyst
solution

Solution saccharose

2

1

1

4

Also, an electrode buffer was prepared as shown in Table 3. Before use, the buffer was diluted 10 times with distilled water.
Table 3
The composition of the electrode buffer
Solution

Electrode buffer (рН 8,3)

Buffer components

Amount

tris (hydroxymethyl) aminomethane

6g

glycine

28,8 g

water

to 1000 ml

Quantitative processing of electrophoregrams was carried out by using the image reading
function imread [14].
35

Food Science and Technology

(2019), «EUREKA: Life Sciences»
Number 2

Reports on research
projects

3. Experiments
The following experiments were carried out successively for the β-lactoglobulin obtaining
by repeated gel filtration:
1. Milk whey gel filtration on a column with Sephadex G-150 with the constructing of corresponding chromatogram.
2. Combining of the chromatographic fractions of three sectors (A, B, C), which contain
whey proteins.
3. Repeated gel filtration of combined chromatographic fractions of three sectors on a column with Sephadex G-150. The analysis of proteins composition of chromatographic fractions by
disc-electrophoresis on the polyacrylamide gel plates after repeated gel filtration. Milk whey after
gel filtration on a Sephadex G-25 column in an electrode buffer environment was used as a control.
4. The assessing of β-lactoglobulin fraction homogeneity was carried out by densitometry
of received PAG plates.
4. Results
The results of milk whey gel filtration on Sephadex G-150 are shown in Fig. 1. Four peaks
can be seen on the chromatogram (the second and third are joined). Four sectors A, B, C, and D had
been isolated for the proteins composition analysis and selecting the combined samples for repeated
gel filtration. Earlier, it was established that proteins fractions are located in sectors A, B and C [9].
Sector D contains a proteose-peptone fraction.

Fig. 1. Chromatogram of milk whey proteins obtained by gel filtration on
Sephadex G-150
Then, combined samples from each sector (except sector D) were fractionated by repeated
gel filtration on Sephadex G-150. The results of the sector A combined samples repeated gel filtration and disc-electrophoresis of the obtained fractions (I, II, III and IV) marked on the chromatogram are shown in Fig. 2.
Only IG is present in fractions I and II. Fraction III contains IG, LF and traces of BSA, and
fraction IV includes BSA and traces of IG.
The best results were obtained by repeated gel filtration of the combined sample of sector B
(Fig. 3). All four fractions (I, II, III, and IV) contain electrophoretically homogeneous β-LG according to the disc-electrophoresis results (Fig. 3).
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Fig. 2. Chromatogram (1) of sector A fractions repeated gel filtration on Sephadex G-150.
Electrophoregram (2) of the control milk whey proteins (2.1); fractions I (2.2); fractions II (2.3);
fractions III (2.4) and fractions IV (2.5) obtained after repeated gel filtration of the sector A
combined sample

Fig. 3. Chromatogram (1) of the sector B fractions repeated gel filtration on Sephadex G-150.
Electrophoregram (2) of the control milk whey proteins (2.1); fractions I (2.2); fractions II (2.3),
fractions III (2.4) and fractions IV (2.5) obtained after repeated gel filtration of the sector B
combined sample
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Quantitative analysis of densitograms showed that the degree of homogeneity of β-LG in
selected fractions exceeds 95 %. It should be noted that exactly β-LG is the main precursor of BAP
from milk whey proteins [1, 2].
After repeated gel filtration of the combined sample from the sector C (Fig. 4), one more
fraction with electrophoretically homogeneous β-LG (fraction I) and two fractions (III and IV),
which include the second important precursor of BAP – α-LA with β-LG traces (tracks 4 and 5 on
the electrophoregram, Fig. 4) have been obtained.

Fig. 4. Chromatogram (1) of the sector C fractions repeated gel filtration on Sephadex G-150.
Electrophoregram (2) of the control milk whey proteins (2.1); factions I (2.2); fractions II (2.3);
fractions III (2.4) and fractions IV (2.5) obtained after repeated gel filtration of the sector C
combined sample
The results of the researches testify that the sector B, obtained after the first gel filtration,
consists exclusively of the homogeneous milk whey proteins fraction β-lactoglobulin, which allows
it to be used as a substrate for biologically active peptides obtaining. Other protein fractions require
further purification.
5. Conclusions
Repeated gel filtration on Sephadex G-150 with the chromatograms separation into the sectors, comparing with the one stage gel filtration, allows fractionating the proteins-precursors of
bioactive peptides from milk whey. Homogeneous β-LG (homogeneity >95 %), as well as partially
purified α-LA, immunoglobulins and proteoso-peptone fraction were obtained, as a result of the
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repeated gel filtration. Repeated gel filtration of cows’ milk whey on Sephadex G-150 provides
higher efficiency of the main protein fraction β-LG obtaining in a homogeneous state compared
to the other types of Sephadexes (G-100, G-75). However, other important whey proteins fractions
(α-LA, BSA) require further purification. In this case, the combination of different dextran gels
during carrying out of the repeated gel filtration, such as Sephadex G-150 (first gel filtration) and
Sephadex G-75 (second gel filtration) may be promising.
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