Original article

doi: 10.20535/ibb.2024.8.3.299293

SELECTIVE-INTEGRATIVE TECHNOLOGY FOR THE SEPARATION
OF COLOSTRUM INTO COMPONENTS AND THE POSSIBILITIES
OF OBTAINING PROTEIN SUBSTANCES FROM DIFFERENT SOURCES

E.G. lvanov 1, A.V. Goltvyanskyl, A.l. Bozhkole, T.Yu. Gromovoy2

YV N. Karazin Kharkiv National University, Kharkiv, Ukraine

2Chuiko Institute of Surface Chemistry of National Academy of Sciences of Ukraine, Kyiv, Ukraine

*Corresponding author: niibio@karazin.ua

Received 1 March 2024; Accepted 4 September2024

Background. Obtaining biologically active natural compounds involved in the regulation of metabolism is an
important goal in biotechnology. Colostrum is a unique natural source of various biologically active com-
pounds. However, the extremely high natural variability of colostrum composition does not meet the existing
requirements for standardization in pharmaceutical preparations.

Objective. To develop a method for separating colostrum into its basic components (lipids, casein, and protein
fractions), thereby reducing the variability of whole colostrum composition, obtaining several target products,
and demonstrating the possibility of acquiring new protein substances from different sources.

Methods. Colostrum separation was carried out through centrifugation and membrane filtration. Plant pro-
teins (sunflower) and milk proteins were used to obtain protein substances from different sources. The com-
position of proteins, carbohydrates, and nucleic acids was determined using mass spectrometry, centrifuga-
tion, and membrane filtration.

Results. The proposed method for obtaining basic substances from colostrum significantly reduced the vari-
ability in composition compared to whole colostrum. The efficiency of protein sedimentation in concen-
trated protein solutions by centrifugation and ultrafiltration was shown to depend on protein concentration.
Additionally, the formation of non-specific protein aggregates in the centrifugal field allowed the extraction
of protein substances from various natural sources, which is relevant for functional nutrition.

Conclusions. The proposed selective-integrative technology for obtaining different substances from colostrum
significantly reduces the high variability of whole colostrum composition. It increases the efficiency of com-
ponent separation into lipid, casein fractions, low molecular weight protein fractions, and ultrafiltrate, while
also enabling the acquisition of protein substances from diverse sources.
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compounds.

Introduction

There is a growing interest in obtaining bio-
logically active compounds of natural origin, which
can be used not only in pharmacology but also as
functional food products [1]. There are several rea-
sons for this: as a rule, they are non-toxic; they
have a "soft", specific regulatory effect on the body;
they can have a multifunctional effect on meta-
bolic processes; the variety of natural substances is
huge, which can provide solutions to a wide range
of medical and biological problems; and the deve-
lopment of biotechnology modern methods allows
to significantly expand the possibilities of biological
origin obtaining substances [2].

Despite the importance and potential advan-
tages of natural products over synthetic drugs, the
pharmaceutical biotechnology development is not
as intensive as might be expected. An example of

this is such a unique biological product as colo-
strum. Although colostrum has been called "liquid
gold" or "immune milk", and Gil Hardy stated in
2000 that colostrum is "the most important food in
the world" [3], its use as a substance for functional
foods or pharmaceuticals is limited for a number of
reasons: 1 — problems that arise during storage and
processing; 2 — instability and high variability of
colostrum composition, which depends on the com-
bination of a large number of factors [4, 5]; 3 —
when developing functional food products, it is of-
ten necessary to include additional components in
their composition [6], and there are no effective
methods yet to address this issue.

In order to eliminate the existing limitations in
obtaining biologically active substances from natu-
ral sources, including colostrum, it is necessary to
develop new approaches and technological methods
that can allow, on the one hand, to provide stan-
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dard products and, on the other hand, to enrich
natural substances with the necessary compounds in
the production of functional foods.

In this regard, the aim of the present work
was to develop a relatively simple technology of
colostrum processing that will provide: firstly — to
obtain various "basic" substances satisfying the con-
ditions of standardization, which can be used as fi-
nished products and/or as raw materials for obtai-
ning additional mono-compounds; secondly — to
increase the shelf life of the obtained products; and
thirdly — to provide an opportunity to "enrich" the
obtained substances with additional protein com-
ponents in the development of functional food
products.

Materials and Methods

Experimental design

Colostrum was collected from cows ("Ukrainian
Black and White") without pathology. It is a vis-
cous, oily fluid. The collected samples, taken after
the first milking from cows of the same age, of the
same breed, on the same farm and in the same
season, were stored at —15°C for a maximum of
30 days.

Separation of lipid fraction

Colostrum was defrosted by slow thawing at
room temperature, then all samples were combined
into one batch and diluted 3-fold with distilled ste-
rile water as determined experimentally, centrifuged
at 3000 g for 15 min, and then cooled to 6 °C.
During centrifugation of colostrum three phases are
formed: interphase on the surface of the aqueous
layer (lipids); aqueous phase, which includes all
water-soluble components of colostrum and sedi-
ment, which is represented by cells, their fragments
and aggregates. Under these centrifugation condi-
tions, the lipid components floated and formed a
dense fat layer on the surface of the aqueous
phase, which was easily separated from the liquid
phase. The cells contained in the colostrum mi-
grated to the precipitate. For complete separation
of lipids, the samples were centrifuged twice under
the same conditions. The crude lipid yield was de-
termined as the lipid content per liter of colostrum.
The aqueous phase was transferred into clean ste-
rile containers and used to obtain low-molecular-
weight proteins and ultrafiltrate. For this purpose,
casein was removed beforehand.
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Separation of casein fraction

The liquid, defatted fraction of the colostrum
was transferred to a clean sterile container and the
cell precipitate was removed. Total lipids were de-
termined on an analytical balance. In the next
step, after defatting, the casein fraction was sepa-
rated. For this purpose, the container with defatted
milk was heated up to 32 °C, acetic acid was added
with constant stirring until reaching pH 4.6, i.e. to
the isoelectric point for casein, then the tempera-
ture of samples was led to 45 °C, casein in the re-
sidue was precipitated by centrifugation at 3000 g
for 15 min. The yield of casein by crude matter per
liter of colostrum was determined. Depending on
the way of its further use, the obtained casein can
be lyophilized or stored in a moist state at —15°C
until use.

Obtaining of the post-casein fraction ("LMWC")
and ultrafiltrate

The post-casein fraction ("LMWC") can be
used as a target product, for this purpose it was
dried on a rotary evaporator at 37 °C and the dry
samples were stored at 4—6 °C until use and/or it
can be used to obtain peptides and low molecular
weight components of colostrum by ultrafiltration
(ultrafiltrate). For this purpose, before drying, the
liquid fraction "LMWC" was subjected to sequen-
tial filtration through membrane filters with a pore
diameter of 85—60—45—22 um, which allows to
obtain components with different molecular weights.
The obtained fraction — "ultrafiltrate” was dried un-
der the same conditions as "LMWC".

The yield of "LMWC" and ultrafiltrate was
determined by dry residue per liter of colostrum.

Protein co-precipitation procedure

In experiments to determine the influence of
initial protein concentration in solution on the in-
crease of separation efficiency, we used additional
protein precipitation (co-precipitation) solution of
plant proteins, which were obtained from sunflo-
wer meal by salt extraction, as described in [7].
The solution of plant proteins was additionally
supplemented with a solution of proteins, which
was obtained from the colostrum — "LMWC" to a
final concentration of 5.5 g/1. The solution of pro-
teins was added to the solution of plant proteins.
To form protein aggregates, the obtained protein
solutions were autoclaved for 30 min at 1.5 atm.
Protein aggregates were collected by centrifugation
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at 3000 g for 15 min, dried to constant mass and
the amount of precipitated protein determined be-
fore and after adding milk proteins.

Determination of protein, RNA, and carbohy-
drate concentrations

The quantification of protein and RNA in the
obtained samples was carried out as described pre-
viously [8], the amount of carbohydrates [9]. The
absorption values for the determination of protein,
nucleic acids and carbohydrates using the specified
methods were measured spectrophotometrically
(Shimadzu, Japan).

Determining the composition of proteins

To study the composition of proteins in whole
colostrum and LCF, we prepared samples so that
1 ml contained 2 mg of protein from each fraction.
Mass spectrometric studies were carried out at the
device Autoflex II LRF 20 "Bruker Daltonics"
(Germany) with a pulsed nitrogen laser (A= 337 nm,
pulse duration — 3 ns). The samples of proteins, after
mixing with the matrix, which was prepared accor-
ding to the standard procedure: 12 mg of synaptic
acid (Fluka) dissolved in 1 ml of the mixture wa-
ter—isopropanol alcohol (1:2 V/V) with the addition
of 0.1% trifluoroacetic acid were applied to a steel
target and dried at room temperature. The analysis
was carried out under a linear mode of device opera-
tion with the detection of positive and negative ions.
The results were analyzed using the open software
ProteoWizard (http://proteowizard.sourceforge.net)
and mMass (http://mmass.org).

Statistical treatment of results

Reliable differences between the groups were
determined by the non-parametric test of Mann—
Whitney. All statistical analyses were performed us-
ing the software Statistica 8.0 (StatSoft Inc., USA).

Bioethics

The study was conducted in accordance with
the guidelines of the European Convention for the
Protection of Vertebrate Animals used for Experi-
mental and Other Scientific Purposes.

Results

Colostrum is a specific biological substance
containing an extremely wide range of cells and
compounds, and the ratio between these compo-
nents varies in different colostrum samples. The
solution to the problem of standardisation is to ob-
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tain substances with the same or similar composi-
tion, i.e. to eliminate variability in composition.

As the colostrum composition, as well as other
biotechnological substances, is influenced by a wide
range of exogenous and endogenous factors, the
standardisation process may consist of several steps.
In order to partially eliminate the variability in
composition in the first stage, it is necessary to se-
lect colostrum samples according to the main cha-
racteristics that may influence the colostrum com-
position (Fig. 1).
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Figure 1: Schematic diagram that demonstrates the principle of
colostrum selection whereby colostrum from producers of the
same breed, of close age, from animals without pathologies,
which are kept under the same conditions on the same farm, in
the same season, are selected and only after the first milk yield
are they combined into a single series for further processing

The optimal way of separating the colostrum
into basic substances is a combination of centrifu-
gation and membrane filtration (ultrafiltration) me-
thods. By regulating the centrifugal acceleration and
viscosity of the colostrum it is possible to separate
the colostrum into such basic substances: lipids,
casein, post-casein or a fraction of relatively low
molecular weight proteins ("LMWP"), which can
be subjected to a further separation procedure by
sequential ultrafiltration using filters with different
pore diameters (80, 60, 45, and 22 um) and obtain
protein components with different molecular weights.

In the second step, the samples of colostrum
that have undergone "selection”, and their number
should be at least 10 or more, are combined ("inte-
grated") into one series. The resulting substances
are then documented and used as representatives of
the single series (see Fig. 1) and are separated into
separate basic substances: lipid components; casein;
low molecular weight components of the colostrum
("LMWCs"); and ultrafiltrate. Centrifugation and
ultrafiltration methods are used for this purpose.

This approach of fractionation of colostrum in-
to basic substances can make it possible: to reduce
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the variability of the obtained components compo-
sition; to have not one, but several products with
different biological activity; to store them for a lon-
ger time; basic substances can be the basis for fur-
ther fractionation and obtaining mono-compounds;
in the process of sedimentation, additional proteins
can be introduced, forming protein aggregates and
enriching the obtained products with additional
components, which is necessary for the making of
products.

The results of colostrum fractionation are the
following. It can be seen that 94.7 + 0.34 g of lipids
can be obtained from 1 liter of whole colostrum of
the first milk yield obtained in the spring period
from cows of the breed "Ukrainian black and brown".
After the removal of lipids from colostrum in the
form of a dense white sediment casein (35+13.6¢g
by dry weight). The LMWC fraction, isolated after
casein removal, accounts for 30.0 + 3.6 g by dry
weight (the amount of ultrafiltate by dry matter
was 19.1 £3.1g).

The fraction included a considerable number
of various proteins with molecular masses ranging
from 5 to 8 kDa (Fig. 2). It was demonstrated that
the "LMWC" fraction exhibited immunotropic, an-
tioxidant, and hepatotropic effects, was not toxic,
and could also eliminate the toxic effect of copper
ions [1, 10—12].

It is important to note that the composition
of the "LMWC" fraction obtained from cows of the
same breed and close age in the same season, after
the first milking and kept in one farm, exhibited
significant individual differences (Fig. 2). This con-
firms the high variability of colostrum components.
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From one liter of colostrum, following the se-
paration of "LMWC", it is possible to obtain a
relatively small amount (19 g/I) of peptides, amino
acids, growth factors and other low molecular
weight components that are part of the "ultrafil-
trate”, including the so-called transfer factor [13].

Consequently, colostrum can be divided into
at least four different fractions, which are repre-
sented in relatively large quantities, but which have
pronounced individual differences in both qualita-
tive and quantitative terms.

It is therefore important to note that the stan-
dard errors, which reflect the variability of indica-
tors, were different for different fractions of co-
lostrum. The greatest variability between samples
was manifested for the lipid fraction. Thus, out of
the six colostrum samples, the lowest amount of
lipids was 31.7 g/1, while the highest amount was
107.5 g/1. This represents a difference of 3.4 times in
the amount of lipids between the samples (Fig. 3).

At the same time, the differences in casein
content in the six colostrum samples were not as
pronounced as those observed for lipids, with no
more than a 30% difference between the different
samples (see Fig. 3).

The differences between samples for "LMWC"
and ultrafiltrate were even less pronounced than
for casein (Fig. 3).

It is therefore evident that the fractions ob-
tained from different colostrum samples exhibited
quantitative variability in their component compo-
sition. The greatest variability was observed in the
amount of lipids present in the colostrum samples.
This may be attributed to a number of factors.
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Figure 2: Protein composition of the "LMWC" fraction, when separated by mass spectroscopy, obtained from two different cows.
The results are shown in different colors after the first milking of the same breed and similar physiological characteristics
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Figure 3: Variability of content of different fractions of colo-
strum components (lipids-1, casein-2, "LMWC"-3, and ultrafil-
trate — 4 g/l in dry matter), which were obtained from the first
colostrum of the first milk yield from 6 cows of the breed
"Ukrainian black and brown" in the spring period

Firstly, lipid metabolism is regulated by unique
features of genetic, trophic and exogenous factors,
which may lead to pronounced individual variabi-
lity in lipid content in colostrum. Secondly, it
should be noted that fat separations from solutions
by centrifugation and/or separation with high pro-
tein content, as in the case of colostrum, do not
allow for their effective (complete) separation. At
the same time, fractionation of colostrum into ba-
sic components can significantly reduce the vari-
ability at least for quantitative characteristics when
obtaining "LMWC" and ultrafiltrate.

Along with the fractionation of colostrum,
which can be defined as a "differential” method of
obtaining components, another way to reduce the
variability in the colostrum components composi-
tion can be combine colostrum obtained from dif-
ferent cows before its further fractionation, or con-
ditionally "integrative" method of obtaining colo-
strum basic fractions. The concept of the "integra-
tive" approach is predicated on the understanding
that the separation efficiency of components in a
centrifugal field is not solely dependent on the size
of molecules and their density, but also on the
concentration of the separated components in the
initial solution. Thus, in dilute solutions, a much
higher acceleration and/or centrifugation time is
required to reach thermodynamic equilibrium. As
the concentration of the substance increases, espe-
cially in multi-component aqueous systems such as
colostrum, the rate at which the system reaches
equilibrium is accelerated, increasing the efficiency
of the separation into fractions.
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In the next step of the work, the separation of
colostrum into the same four basic substances was
carried out after preliminary pooling of the colo-
strum samples. It was assumed that two approaches
could be used in the technology to obtain different
substances. In the first case, different colostrum
samples are separated into components and then
the resulting fractions are combined into a single
series, i.e. the "differential approach”. In the second
case, the different colostrum samples are combined
before fractionation, i.e. the "integrative approach”.

Here is an example of the effectiveness of the
"integrative" approach to obtaining and standardi-
zing colostrum components compared to the "dif-
ferential" approach. Thus, if from three different
colostrum samples it is possible to obtain respec-
tively 31.7, 52.9, and 107.5 g/1, and after mechani-
cal pooling of these three samples — 192.1 g of dry
matter (Table 1), if all three samples are pooled
before lipid extraction, 325.3 g of lipids can be ob-
tained from the same amount of colostrum, or
1.7 times more in the case of the "integrative" ap-
proach compared to the "differential” approach.

If we compare the yield of casein, "LMWC"
fraction from different colostrum samples in the
"integrative" approach with the "differential” ap-
proach, it can be observed that it was higher by 10
and 12%, respectively, in the case of using the "in-
tegrative approach” (see Table 1).

It is also worth noting that the amount of ul-
trafiltrate in the integral separation approach was
slightly higher, by 6,6 g or 8.8% compared to the
differential approach (Table 1). The lower yields of
the components included in the ultrafiltrate indi-
cate fundamental differences in the separation me-
thods in the gravity field and membrane filtration.

It is therefore possible that the separation of
colostrum into lipid, casein and "LMWC" fractions
by centrifugation based on the "integrative" ap-
proach may yield a higher quantitative yield com-
pared to the "differential" approach.

As it was noted, the components of "LMWC"
have been observed to exhibit a variety of actions
on biological systems [14]. Such polyfunctional ac-
tion could be explained by the fact that the com-
position of "LMWC" includes a variety of com-
pounds. Therefore, it would be of interest to de-
termine the composition of "LMWC". It was found
that the composition of "LMWC" includes appro-
ximately 14.0 mg/ml of proteins, which represents
approximately 30% of the total protein content of
whole colostrum (46.2 mg/ml). A relatively small
amount of carbohydrates (up to 1.7 mg/ml) was
present in the "LMWC" fraction along with pro-
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Table 1: Lipid, casein, "LMWC" and ultrafiltrate yield from different colostrum samples, using "differential” and "integrative"

colostrum fractionation approaches

Colostrum Sample variants Yield from Yield from
components 1 2 3 "differential” approach "integrative" approach
Lipids 52.9 107.5 31.7 192.1 325.3
Casein 42.1 28.3 41.3 111.7 123.1
"LMWC" 28.1 20.0 32.3 80.4 90.0
Ultrafiltrate 25.4 18.0 25.0 68.4 75.0

Note. The amounts of lipid, casein, "LMWC" and ultrafiltrate are in gram per liter on the dry residue.

Table 2: Effect of additionally added exogenous colostrum protein on the total precipitable protein in variants with different dis-
solved endogenous protein content using thermal-aggregation method

Experiment Amount of sunflower Amount of colostrum eXT}elzggucrzggm ?nn;ggll{[ O(fbiz?r?ég
variants meal proteins, g/l protein, g/l pected p Y,
yield, g/l protein, g/l
1 6.6 +£0.8 5.5+0.1 12.1 13.1+0.5
2 7.3+0.9 55+0.2 12.8 16.7 £ 0.8

Note. Mean values from three experiments and their standard errors are presented.

teins, which constituted the main amount. It should
be noted that trace amounts of RNA (1.8 ug/ml)
were also found in the composition of "LMWC",
which is an important criterion for the use of these
components as products of functional nutrition.

Consequently, the composition of "LMWC"
is represented by proteins with different molecular
masses, from 5 to 8 kDa, it included about 12% of
the protein content and a small amount of RNA.
Such heterogeneous composition of "LMWC" can
provide its polyfunctionality of action.

The method of "co-precipitation”, which is
based on the formation of complexes between dif-
ferent proteins, can be applied not only to increase
the yield of protein products, but also in obtaining
functional foods. At present, methods for obtaining
proteins from vegetable raw materials, in particular,
from sunflower meal, peas, yeast, etc., are being
developed [15]. At the same time, plant-derived
proteins are deficient in essential amino acids and
cannot fully substitute for animal proteins. There-
fore, the enrichment of vegetable proteins with co-
lostrum proteins is of significant practical interest.

In this context, we investigated:

1 — the influence of protein concentration in
the solution on the increase in the amount of pre-
cipitated protein;

2 — the possibility of enriching sunflower meal
proteins with colostrum proteins.

It was found that if the solution containing
6.6 g/1 of sunflower meal proteins was supplemen-
ted with a solution of colostrum proteins in the
amount of 5.5g/1 by dry matter and the proteins

were precipitated by centrifugation, 13.1 g/l by dry
residue was obtained, but not 12.1 g/l as could be
expected (Table 2). In the case when the content of
sunflower meal proteins was increased to 7.3 g/l in
the solution and 5.5 g/l by dry matter of colostrum
proteins were additionally added, the amount of
precipitated proteins was 16.7 g/l and not 12.8 g/1
as might be expected (Table 2).

Consequently, while in the first case there was
an increase in the yield of precipitated protein by
8.3%, in the second case, by increasing the amount
of protein in solution, the yield was increased by
30% compared to the amount of protein obtained
separately.

Consequently, the yield of protein at precipi-
tation by centrifugation is dependent on the initial
concentration of protein in solution. With this ap-
proach it is possible to "enrich" vegetable proteins
with proteins of animal origin, which is important
for obtaining protein composites of high-grade
composition when developing products of func-
tional nutrition.

Discussion

It is well known that colostrum is a mammary
gland secretion produced by female mammals with-
in 72h of giving birth [16]. Colostrum not only
provides the newborn with nutrients, but also
shapes the epigenetic characteristics of the orga-
nism and thus can influence the quality and dura-
tion of life [17]. The composition of colostrum in-
cludes not only a large number of nutrients (pro-
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teins, lipids, vitamins, amino acids, peptides, trace
elements) and an extremely wide range of biolo-
gical regulators (cytokines, growth factors, hormo-
nes, immunoglobulins, vitamins, trace elements),
but also a relatively large number of cells, up to
106 cells per ml (leukocytes, erythrocytes) [18, 19].
Recently, it has been shown that breast milk also
contains stem cells capable of proliferation and dif-
ferentiation into other cell types [20, 21]. Current
evidence suggests that colostrum can be used as a
source of an extremely wide range of bioactive sub-
stances and cells that not only have important pro-
perties, but can also be used as unique "carriers” or
co-compounds.

It has been found that both colostrum and milk
proteins, especially casein molecules, are capable of
forming specific supramolecular complexes [22, 23]
and can be used as agents for encapsulation of a
variety of biologically active compounds [23]. An
important role in the "structuring” of colostrum
components is also played by lipids, which form
globules with an average diameter of about 4 pum.
As noted by the authors of a number of works,
protein shells — membrane formations (MFGM)
are formed around such lipid globules [24].

At the same time, when using colostrum as a
finished product and/or raw material for isolation
of biologically active substances from it, specialists
face a number of objectively existing problems.

In particular, even if the strict requirements
for milking are met, contamination occurs, which
requires additional removal of microorganisms [25].
It known on the effect of different thermal and non-
thermal processing techniques on the structural
and functional modifications of milk proteins [26].
Another reason to specifically focus on milk pro-
teins is that the major class of milk proteins, the
caseins, respond differently to heating than most
other food proteins [27]. It has been shown that
the physicochemical parameters of milk changed
under the influence of colostrum, and some of
them changed under the influence of heat treat-
ment, and this affected the efficiency of pasteuriza-
tion [28]. Furthermore, the high density of colo-
strum makes it challenging to separate it into indi-
vidual components, indicating that the technological
processing has not yet been completely resolved.

The issues of standardization, especially of
medical products obtained by biotechnological me-
thods, are no less complicated in their production,
since they are always a mixture or composition of
different compounds and it is impossible to identify
the "active ingredient" among them, which is most
often the basis for the standardization of medical
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preparations, since such substances have a syner-
gistic effect, and in this respect new approaches are
needed to solve this issue.

Currently, the development of functional food
products that can occupy an "intermediate" posi-
tion between pharmaceuticals and diet products is
gaining popularity. In doing so, at least two issues
need to be addressed. Firstly, to eliminate the po-
tentially allergenic properties that dairy products
may have, and secondly, to be able to supplement
functional food components with the necessary in-
gredients.

We believe that the solution to these practi-
cally important problems of biotechnology can be
based on the use of an integrated approach that
combines both methods of selection and various
methods of separation and the possibility of com-
bination (formation of new associates) of various
compounds, including proteins.

The results of the work can be summarized in
a few general points:

1 — the combination of centrifugation and
membrane filtration methods allows the separation
of four basic substances from colostrum, which can
be used as target products or as raw materials for
further purification to mono-compounds (lactofer-
rin, immunoglobulins, etc.);

2 — the pooling of colostrum obtained from
different cows before its separation into fractions,
i.e. the "integrative" method, combined with pre-
liminary selection of producers or "selection”, al-
lows to significantly reduce the variability of the
obtained fractions composition. The "integrative"
method, in conjunction with preliminary selection
of producers or "selection”, permits a considerable
reduction in the variability of the obtained frac-
tions composition and an increase in the com-
pleteness of individual fractions isolation;

3 — the proposed method of separation of co-
lostrum into components can be employed in ob-
taining balanced protein products, which are uti-
lized in functional nutrition;

4 — casein, "LMWC" and ultrafiltrate after
lyophilic drying have a long shelf life.

Dwelling on the discussion of the obtained re-
sults it is necessary to note that the most wide-
spread application in the separation of multicom-
ponent mixtures, are found in various methods of
chromatography, centrifugation, membrane filtra-
tion, and their combinations [29]. Centrifugation
methods are of particular interest in this respect, as
it is: simple in execution, sufficiently efficient, and
allow for the processing of relatively large amounts
of samples. This is due to the fact that the ability
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to adjust the centrifugal acceleration within wide
limits allows for the precipitation of particles of
different sizes. The rate of precipitation of compo-
nents contained in the solution depends on the
geometric shape of the particles, their density, the
viscosity of the solution and the acceleration of
gravity, which can be expressed by the generalized
Stokes formula:

v = hospgorn

where sp=p, —p I is density of precipitated par-

ticles and density of the liquid phase, p is aqueous
phase viscosity, ® is particle volume, A is shape
coefficient, g is acceleration of gravity.

However, in the case of macromolecules se-
paration in a centrifugal field, which can form su-
pramolecular complexes, there is a deviation from
the Stokes formula, which characterizes the depo-
sition of mechanical particles. This provides an ex-
planation for the absence of a unified theory of se-
paration in the centrifugal field of high-molecular
complex compositions characteristic of biological
fluids. In particular, we know little about the influ-
ence of concentrations of these or those substances
on the efficiency of their separation, the peculiari-
ties of intermolecular complexes formation in the
gravitational field and the influence on these pro-
cesses of the carbohydrate's presence and other
macromolecules, which can affect the efficiency
of separation and purity of the obtained products,
remain unexplored.

On this basis, it can be concluded that the use
of a centrifugal field in solving the problems of se-
paration of complex biological mixtures and their
standardization has a number of disadvantages. At
the same time, if a number of conditions are met,
this method could allow not only to divide mix-
tures into individual components, but also provides
an opportunity to obtain supramolecular protein
complexes, which could be used in the develop-
ment of functional food products. Thus, in particu-
lar, the present study demonstrated the potential
for obtaining associations between proteins of ani-
mal and plant origin.

When considering the separation of proteins
from colostrum by centrifugation, it is important to
consider a number of key factors. Firstly, colo-
strum contains an extremely high concentration of
proteins with varying molecular weights and prop-
erties. Secondly, it is highly viscous and does not
separate into components during centrifugation.
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Thirdly, in the centrifugal field, different types of
proteins move at different speeds and are able to
form intermolecular interactions.

It is important to note that the process of pro-
tein aggregation [30], which is ensured by the forma-
tion of a large number of hydrogens, electrostatic,
hydrophobic interactions and Van der Waals forces,
depends on a large number of diverse factors and
plays a key role in the structural and functional or-
ganization of the cell. The so-called native (intra-
cellular) protein aggregation is currently under con-
sideration [31]. Native protein aggregation is a dy-
namic process that can be regarded as a transition
from the "unfolded" to the aggregated state and
back to the unfolded state. The first data on the
presence of native unfolded regions of proteins in a
cell were obtained in 1978 [32].

The process of native protein aggregation may
be determined by the heterogeneity of the structur-
al organization of the cell, but these mechanisms
are still only beginning to be investigated. It was
found that between 35 and 51% of proteins in a
eukaryotic cell are in the native unfolded state (the
length of unfolded sites can be about 50 amino acid
residues) [33]. Such extended regions of the un-
structured state can facilitate intermolecular inter-
actions between proteins.

During the process of protein isolation and
transfer into solution, the majority of proteins un-
dergo a transition to the unfolded state, which in-
creases the probability of non-specific protein ag-
gregation in the centrifugal field. It is quite obvious
that non-specific aggregation leads to the forma-
tion of irreversible states in contrast to specific ag-
gregation, which takes place in the cell.

It is known that large aggregates in a gravita-
tional field settle at a higher rate than small aggre-
gates [34]. Given that the composition of multi-
component mixtures, including colostrum, includes
proteins with varying characteristics and molecular
masses, they will exhibit different speeds of move-
ment along the force fields within the centrifugal
field. Large protein molecules "colliding”" in the
process of movement with small molecules will
form non-specific aggregates and "enlarge" in the
process of sedimentation.

As is known, protein aggregation processes in
solution are determined by a number of factors, in-
cluding the volume of molecules, molecular weight,
concentration, temperature, viscosity and centrifu-
gal acceleration, as well as the presence of unfol-
ded sites.
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Since, along with the concentration and cha-
racterization of proteins, the viscosity of the me-
dium plays a significant role in the formation of
aggregates and the rate of sedimentation in the
centrifugal field. In this context, we have experi-
mentally selected the viscosity of colostrum that
provides the most effective precipitation of protein
complexes, i.e., by observing these experimentally
selected conditions, one can obtain good reprodu-
cibility of the results.

It can be concluded that the centrifugation
method in combination with membrane filtration
using a selective-integrative approach allows for
partial standardisation of the obtained fractions,
which can be used as target products. It has been
demonstrated that the casein fraction of colostrum
can be employed as a carrier (matrix) for the stabi-
lization and delivery of polyphenolic compounds
into the body [35], and "LMWC", has an immu-
nomodulatory effect in animals with liver fibrosis.
It has the capacity to normalize liver function at
the early stages of fibrosis, and thus represents a
promising candidate for functional nutrition prod-
ucts [36]. Currently, our laboratory is engaged in
research on the production of hydrogels based on
the colostrum lipid fraction. In addition, colostrum
fractions can be employed to synthesize a range of
mono-compounds, including lactoferrin, lysozyme,
lactoperoxidase, immunoglobulins, and other bio-
logically active compounds.

As it has already been mentioned, the forma-
tion of specific and non-specific protein aggregates
in the cell and organism as a whole is one of the
most important mechanisms of functioning of bio-
logical systems. The role of nonspecific protein ag-
gregates in the mechanisms of age-related patholo-
gies cannot be excluded. The study of the mechan-
isms of protein aggregates formation in the centri-
fugal field can be useful "old tool" in solving "new"
problems in the emerging field of supramolecular
biology.
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The method of protein aggregates formation
from proteins of different origin and differing in
amino acid composition in a centrifugal field can
be no less useful in the new methods development
of obtaining functional food products. Obtaining of
protein supramolecular complexes can provide: the
protein products formation with a given amino ac-
id composition; obtaining of stable and sustainable
in storage food substances.

Consequently, the selective-integrative appro-
ach allows for the following: the obtaining of seve-
ral substances from colostrum, which can be used
as target products; a significant reduction in the
variability of the obtained substances composition;
an increase in the "completeness" of separation in-
to components; and the composites formation with
the required amino acid composition when obtain-
ing products of functional nutrition.

Conclusions

A method of obtaining lipids, casein, low-
molecular protein fractions and ultrafiltrate from
colostrum, which can be used as target products or
as raw materials for further purification to mono-
compounds, has been developed. Combining colo-
strum obtained from different cows before its frac-
tionation, i.e. the "integrative" method, combined
with preliminary selection allows to partially re-
duce the variability of the composition of the ob-
tained target products and increase the complete-
ness of the extraction of individual fractions. The
proposed method of separating colostrum into
components can be used in the production of ba-
lanced protein products that are used in functional
nutrition.
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"XapKiBCcbkuin HaLioHanbHWit YHiBepcuTeT iMeHi B.H. KapasiHa, Xapkis, YkpaiHa
2lncTuTyT Ximii noBepxHi im. 0.0. Yyiika HAH Ykpainn, Kuis, Ykpaina

CENNEKTUBHO-IHTETPATUBHA TEXHOJOrIA noAiy MONO3NBA HA KOMMOHEHTHU
TA MOXITUBOCTI OTPUMAHHA BINTIKOBUX PEYOBWH 13 PI3HUX JKEPEN

Mpo6nemartnka. OTpMMaHHsa GiONOriYHO aKTUBHUX NMPUPOAHUX CNOMYK, ki 6epyTb y4acTb y perynsuii metaboniamy, € BaXNMBUM 3aB-
OaHHAM BioTexHonorii. YHikanbHUM NpUpoOaHUM OXeperioM Pi3HOMaHiTHUX GionoriYyHo akTMBHUX cnonyk € momnosvBo. OgHak Haa3Bu-
YariHO BMCOKa MpupogHa BapiabenbHiCTb Cknagy MonosvBa He Bignosigae iCHyl4MM BUMOram A0 CTaHAapTusauil dhapMaueBTUYHMX
npenaparis.

MeTa. Po3pobutu meToq noginy mMonosviBa Ha OCHOBHI KOMMOHEHTU (ninigw, kaseiH i 6inkoBi dpakuii), TMM camMnM 3MeHWWTK Bapiabenb-
HICTb CKMagy MOno3uBa, oTpuMaTy Aekinbka LinboBMX NPOAYKTIB i NOKasaTh MOXIMUBICTb OTPUMAaHHSA HOBUX BINKOBUX PEYOBUH i3 Pi3HMX
Dxepen.

MeTtoauka peanisauii. Moain Mono3anea 3giicHOBaNy LWNAXOM LEHTpUdyryBaHHA Ta MembpaHHoi dinbTpadii. Ana oTpuMaHHsa Gin-
KOBMX PEYOBUH i3 Pi3HUX Kepen BUKOPUCTOBYBANWM POCMAMHHI GiNKM (COHSILUHUK) i MONOYHI Ginku. [ns Bu3HaueHHs cknapgy Ginkis,
BYIMEBO/IB i HYKNEIHOBUX KNCMOT 3aCTOCOBYBanu Mac-CrekTpoMEeTPitlo, LLeHTpUdyryBaHHa Ta MembpaHHy dinbTpadito.

PesynbTaTtun. [NokasaHo, L0 3anponoHOBaHUII METOA OTPUMAaHHS OCHOBHMX PEYOBMH i3 MOMO3MBa 3HAYHO 3MEHLLYE MIHMUBICTb IXHBOTO
ckrnagy NopiBHSIHO 3 LiNbHUM MOMo3nBoM. EdekTUBHICTL ocagkeHHs BiNnkiB y KOHLEHTPOBaHUX BINKOBUX PO3YMHAX LUMAXOM LEHTPUDY-
ryBaHHs Ta ynbTpadinbTpadii 3anexuTb BiA KoHUeHTpauii 6inka. Kpim Toro, yTBopeHHs HecneuudiyHmx BinkoBux arperariB y LEHTpU-
dy>XHOMY nori fae 3Mory oTpumyBaTu BirnkoBi pe4OBUHM i3 Pi3HWMX NPUPOAHUX AXepen, Lo € akTyanbHUM AN dyHKLiOHaNbHOro xapyy-
BaHHS.

BucHoBKkK. 3anponoHoBaHa CENeKTUBHO-iHTErpaTMBHA TEXHOJONiA OTPUMAaHHA Pi3HOMaHITHUX CybCTaHUin i3 Mono3uBa 3Ha4yHO
3MEHLLYE BUCOKY BapiabernbHiCTb cknagy Monoaunsa. BoHa nigsuilye edpekTUBHICTb NOAIMY KOMMOHEHTIB Ha MinigHy, kaseiHoBy dpakuii,
paKLito HU3LKOMOIEKYNAPHUX GINkiB Ta ynbTpadinbTpaT, a TakoX Aae 3MOry oTpUMyBaTy GinNKoBi PEYOBUHM 3 PI3HUX [Kepen.

KniouyoBi cnoBa: Mono3nBeo; BapiabenbHiCTb cknagy; hpakLuioHyBaHHS; ynbTpadinbTpaLis; Mac-cnekTpu; 6ionoriyHO akTUBHI CMOSYKW.



