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Abstract

In the feeding of highly productive agricultural animals and poultry, an important role belongs to the quality and
safety of compound feed products, for the production of which premixes or preparations of biologically active substances are
used. Increasingly, probiotic supplements based on live microorganisms are used in the feeding of farm animals and poultry,
which, among other things, provide stable immunity to infectious diseases without using antibiotics in the diet. As a result, the
general condition improves and the productivity of animals and the quality of livestock products increase. Today, one of the
urgent issues is the stabilization of probiotic microorganisms. Thus, the microencapsulation technology allows you to cover
the particles of the probiotic supplement with an individual shell to obtain a product with a directed effect and an adjustable
time of release of the constituent substance. The article deals with protein metabolism during feeding of highly productive
breeds of cattle. Methods of cell stabilization and advantages of stabilized forms of probiotics are presented. Technologies
and types of shell materials widely used for microencapsulation of probiotics are analyzed. The use of a specific microencap-
sulation technology or material depends on the properties of the specific probiotic strain. Organic and inorganic substances,
synthetic materials and natural biodegradable polymers are used to stabilize the cells of microorganisms. The most popular
biopolymers used for microencapsulation are considered in detail - alginates, carrageenans, chitosan, starch, gum arabic,
pectin, gelatin, whey protein. The structural composition, production methods, functional characteristics, volumes of global
production of the considered biopolymers are given. The use of microencapsulation of probiotic microorganisms with natural
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biopolymers for the purpose of stabilizing probiotics in animal feed is an innovative approach.
Key words: biopolymers, microencapsulation, probiotics, high-performance animals, biologically active sub-

stances, protein.

Introduction

Animal husbandry is important for ensuring the
country's food security.

Recently, highly productive cows of Holstein,
Ukrainian black-spotted and red-spotted Holstein breeds
with a productivity of over 6,000 liters of milk per lacta-
tion have been bred in Ukraine. The uniqueness of high-
yielding cows lies, first of all, in the high level of trans-
formation of feed energy into milk, thanks to the diverse
microbiota of the gastrointestinal tract.

Complex and interdependent processes take
place in the rumen of highly productive cows, the viola-
tion of which can even lead to the death of the animal.

Part of the crude protein that is broken down in
the rumen provides rumen microorganisms with ammo-
nium and non-protein nitrogen. This contributes to the
assimilation of carbohydrates and the synthesis of micro-
bial protein (Fig. 1). The rest of the protein that is not
broken down in the rumen (bypass) moves to the intes-
tine, where it is hydrolyzed to amino acids. Detoxifica-
tion of ammonia occurs in the liver, where urea is syn-
thesized, which is excreted in the urine. Urea can also be
reabsorbed in the renal tubules, return to the scar with
saliva or through the mucosa, and be reused for diges-
tion [1].

Recently, the production of feed probiotic sup-
plements has increased, the feeding of which to large
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cattle leads to an improvement in the general condition of
the animals, an increase in milk productivity and quality
indicators of milk.

Probiotics are live microorganisms that, when
administered naturally, have positive effects on the phys-
iological, biochemical, and immune reactions of the ani-
mal's body through the optimization and stabilization of
its microbiota [2].

An urgent issue is the stabilization of probiotic
microorganisms, which is the fixation of cells of micro-
organisms in a certain phase with the possibility of inter-
phase interaction. The physico-chemical features of this
technology make it possible for polyenzyme systems to
function for a long time, independent of exogenous fac-
tors.

Organic and inorganic substances, synthetic ma-
terials (polyethylene, nylon, polyurethanes) and natural
biodegradable polymers (pectin, alginate, chitosan, car-
rageenan, etc.) can be used to stabilize the cells of micro-
organisms [3].

Cell stabilization methods are divided into three
groups: binding on a solid carrier, inclusion in the spatial
structure of the carrier, and stabilization using membrane
technology [3].

Advantages of stabilized forms of probiotics:

* a high concentration of bacterial cells in the
sorbent makes it possible to produce stable drugs;
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* adsorption of metabolic

products allows to increase the sur-
vival of bacterial cultures;

* stabilization gives cells
resistance to freezing and freeze-

drying;

* increases the survival rate
of probiotic cultures in fermented

milk products;

» makes bacterial cells more

protein

protein intake

non-protein N

resistant to the influence of negative
environmental factors, as well as the
influence of gastric juice and bile
acids during their survival in the

gastrointestinal tract;

« increases the shelf life of

probiotics [3].

The purpose of the study
The purpose of the work is

to analyze and generalize information about the sources,
properties and prospects of using biopolymers for micro-

encapsulation of biologically active substances.

Results and its discussion

Microencapsulation is a technological process of
packaging solid particles of a substance in an individual
shell, which allows you to obtain a product with a di-
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Fig. 1. Protein metabolism during cattle feeding

ties.

rected effect and an adjustable time of the start of the

release of the constituent substance, which is achieved by
applying shells with different physicochemical proper-

Technologies and types of shell materials that
are widely used for microencapsulation of probiotics are

Table 1 — Microencapsulation technologies of probiotics [4]

listed in table. 1. The use of a specific microencapsula-
tion technology or material depends on the properties of
a specific probiotic strain [4].

Technology
Spray drying Spray cooling Coating with air Extrusion Simultaneous
suspension extrusion
Shell material

Water-soluble

Insoluble and wa-

Water-soluble

Water-soluble

the base inside

polymers Lipids, wax ter-soIL_Jb_Ie poly- polymers polymers
mers, lipids, wax
Stages of microencapsulation
introduction of cells||| the introduction of preparation of the dissolution serving cells
of microorganisms ||| cells of microorga- coating melt cells in the polymer in the internal
into the solution nisms into the melt (solution) solution inlet nozzle (nozzle)
)’ )’ v v ¥
spraying into spraying into an fluidization submission feeding
an aerosol aerosol of cells of of the solution into the the polymer
) i) microorganisms bath-collector to the external inlet
) - v v of the nozzle
evaporation cooling - — i)
of the solvent t < tmetting spraying cross-linking —
small drops of the polymer with dripping cells
v v of material divalent ions and polymer in the
department coating bath collector
powder hardening v v 7
drying .
7 compression cross stitching
polymer by thermal polymer with
freezing activation divalent ions
v v v
crystallization complex form polymer
of the coating with ation with thickening by

polyelectrolytes

thermal activation
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The most popular biopolymers used for micro-
encapsulation are alginates, carrageenans, chitosan,
starch, gum arabic, pectin, gelatin and whey protein.

Alginates are most often used for encapsulation
of microorganisms. These are biopolymers that are ex-
tracted from the walls of brown algae (Phaeophyceae),
Ascophyllum nodosum, Laminaria hyperborea, Laminar-
ia japonica, Macrocystis pyrifera and Laminaria digitate,
and some bacteria (Azotobacter vinelandii, Pseudomonas
spp.) [3, 5].

Alginates are produced with a wide range of
molecular weight, which depends on solubility, swelling
time, and viscosity. The viscosity of alginate solutions
decreases with increasing temperature, and depolymeri-
zation may occur at high temperatures. Gelation of algi-
nate is explained by the association of blocks built from
a-L-guluronic acid with the participation of a cation [6].

The film-forming properties of alginates are
used to apply a protective coating to tablets and dragees.
In recent years, alginates have been used for medicinal
preparations in the form of capsules and microcapsules,
for which previously gelatin was mainly used. The intro-
duction of alginates into the gelatin mass allows creating
a qualitatively new type of capsules with selective solu-
bility in certain parts of the gastrointestinal tract.

Alginates are practically safe, are not absorbed
into the blood, and are well tolerated by the body. Water-
soluble alginates in solutions from 4 to 6% form practi-
cally non-toxic gels, in higher concentrations - gelatinous
or pasty mixtures.

More than 25,000 tons of alginates are produced
and consumed annually in the world. Sodium alginate is
in the greatest demand, the main producers of which are
the USA, France, China and Japan [7].

Characteristics of sodium alginate are given in

Table 2.
Table 2 — Characteristics of sodium alginate [8]
Indicator Norm
Appearance fibrous or
granular powder
Color white or
yellowish
Scent almost odorless
Viscosity, mPa 800 - 900
pH 6,0-8,0
Mass loss during drying, % not more 15
Water-insoluble substances, % not more 2
Mass fraction of the main sub- 90,8 - 106,0
stance, %
Sulfate ash content, % 18-27
Formaldehyde, mg/kg not more 50
Arsenic, mg/kg not more 3
Lead, mg/kg not more 5
Mercury, mg/kg not more 1
Cadmium, mg/kg not more 1
The total content of bacteria, CFU/g <5000
Fungi and yeast, CFU/g <500
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Carrageenans are natural sulfated polysaccha-
rides found in red seaweed Chondrus Crispis, Eucheuma
Species, Gigartina Species, etc. By chemical nature, car-
rageenan is close to agaroids and is an unbranched sul-
fated heteroglycan, the molecules of which are built from
the residues of D-galactopyranose derivatives with a
strict alternation of a-(1,3)- and B-(1,4)-bonds between
them [9].

Depending on the degree of polymerization and
esterification, carrageenans are classified into three
groups:

+ K-carrageenan
strong, hard gels;

» A-carrageenan (lambda-carrageenan) does not
have a gel-forming variety, it forms gels in a mixture
with proteins, not water; used to promote viscosity in
sweet dough, dairy products;

* 1-carrageenan (iota-carrageenan) is an elastic
gel that is not capable of syneresis and has thixotropic
properties.

Carrageenans with different amounts of sulfate
groups, which combine with metal ions in different ways,
are obtained from plant sources [10].

Due to their physical and chemical properties,
carrageenans have a wide range of applications. About
70% of carrageenans produced in the world are used in
the food industry: in the production of dairy (chocolate
milk, sherbets, homemade cheese, cheese pastes, baby
food), meat and fish products (canned food, sausage cas-
ings, jelly coatings), seasonings, non-alcoholic beverag-
es, bakery products (bread dough, fruit cakes, sugar glaz-
es) and confectionery products [11-12].

Carrageenans are used as gelling agents and
emulsion stabilizers in milk and water-based systems, as
well as to improve the properties of other gels due to the
ability of carrageenans to form complexes with other
hydrocolloids [13-14].

About 60 thousand tons of carrageenans are
produced annually in the world, the main industrial pro-
duction is concentrated in Indonesia, the Philippines, the
USA, France, Canada and Chile.

Chitosan is a polysaccharide, dietary fiber of an-
imal origin, which is obtained by alkaline treatment of
chitin. By its nature, chitin is one of the three most com-
mon polysaccharides, after cellulose and starch, which
have found wide use in the food industry. Researchers
and entrepreneurs see the same potential for chitin [15].

Significant interest in the natural polymer chi-
tosan is due, first of all, to its presence of a number of
unique properties, such as biocompatibility, biodegrada-
bility, non-toxicity, high sorption capacity for metal
ions [16].

Today, the volume of chitosan production in the
world reaches 3500 tons per year. Unlike other polysac-
charides, chitosan has a primary amino group in its com-
position, which makes it possible to create a wide range
of derivatives on its basis under acceptable synthesis
conditions, and also gives it the properties of a chelating
polymer. The use of chitosan in the food industry is due
to its biological activity, emulsifying, oil-retaining and
fat-retaining ability, as well as the ability to improve the
rheological characteristics of the food mass [17-19].

(kappa-carrageenan) forms
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An important property of this polysaccharide is
its ability to interact with proteins, form emulsions, gels,
act as a stabilizer and antioxidant [20].

Starch is a polysaccharide consisting of a large
number of monosaccharide glucose residues connected
by glycosidic bonds. It has two types of molecules - am-
ylose (usually 20-30%) and amylopectin (usually 70-
80%). Both forms consist of polymers of a-D-glucose
residues. Unlike amylopectin, amylose performs a useful
function as a hydrocolloid. Chemical modifications of
starches such as cross-linking, oxidation, acetylation and
hydroxypropylation can provide certain beneficial
changes in functionality. Resistant starch, i.e. starch that
is not digested, is an ideal surface for the adhesion of
probiotic microorganisms, their storage and passage
through the gastrointestinal tract. Mixing starch with «-
carrageenan, alginate, xanthan, and low molecular weight
sugars are often used in microencapsulation because they
reduce the reactivity of starch. Starch derivatives, mainly
hydrolyzed forms such as dextrins and maltodextrins, are
also often used as carriers for spray and freeze drying [3].

Ukraine is one of the world's leading producers
of corn starch. In recent years, there has been a tendency
to increase the production of corn starch in the country.
This is due to the growing demand for corn starch as a
stable raw material for the food and non-food industries
[21].

Gum arabic is a hydrocolloid from acacia exu-
date. Due to the high content of natural dietary fibers (up
to 90% in terms of dry matter) and low energy value
(2kcal/g), gum arabic is recommended for use in health
and dietary products, performs a prebiotic and hypogly-
cemic function, contributes to the maintenance of human
immunity by stimulating growth and development of its
bifido- and lactobacilli, can be associated with other im-
portant components of nutraceuticals, in particular with
polyphenols and mineral substances.

The functional and technological properties of
gum arabic are due to the peculiarities of its structure.
According to its chemical structure, gum arabic belongs
to glycoproteins, the molecules of which contain frag-
ments of polysaccharide and protein nature. The total
protein content is about 2% (sometimes 1%), but in indi-
vidual fractions the protein can be up to 25%. The poly-
saccharide fraction of gum arabic consists of residues of
galactose (45-46%), arabinose (23-24%), rhamnose (13-
14%) and glucuronic acid (14-16%) with the presence of
small amounts of arabofuranose and methylglucuronic
acid units. The protein component plays an important
role in the functionality of gum arabic. The simultaneous
presence of hydrophilic carbohydrates and hydrophobic
protein gives the gum arabic molecule emulsifying and
stabilizing properties [22-23].

The total production of gum arabic is estimated
at 70 tons per year. Europe is the largest market for
chewing gum, with France and Great Britain being the
main importers. Outside of Europe, the largest market for
gum arabic exists in the United States [24].

Pectin is a component of plant cell walls that
protects against the invasion of microorganisms. Pectins
consist of a-D-galacturonic acid, which is interrupted by
rhamnose residues. A significant difference between pec-
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tins is the content of methyl esters in them. Pectins with a
high degree of esterification form gels due to hydropho-
bic interaction and the formation of hydrogen bonds be-
tween pectin molecules. Pectins with a low methoxyl
content form gels in the presence of di- and polyvalent
cations, which form crosslinks and neutralize the nega-
tive charge of the pectin molecule [3, 25].

The world production of pectin is concentrated
in Europe (Germany, Switzerland, etc.), South America
(Argentina, Brazil), South Africa, China, Iran, etc. The
volume of production is about 30 thousand tons per year.
CP Kelco (USA) is the world's largest producer of pectin.
The largest pectin factory in the world, Kobenhagen Pek-
tinfabric (Denmark), plays a significant role in global
production. The German company "Herbstreith & Fox
KG" (Germany) occupies the second place in terms of
production volume [26-27].

Natural pectins of fruits and berries are an im-
portant part of the human diet, the basis of many medi-
cines and biologically active supplements. The use of
pectin in drug technology is based on its functional char-
acteristics and technological purpose. The use of pectin
for the encapsulation of medicines ensures a gentle (gen-
tle) mode of their absorption in the gastrointestinal tract.
Due to the presence of carboxyl groups of galacturonic
acid, pectins can bind heavy metal ions in the alimentary
tract, followed by the removal of insoluble complexes
from the body [27].

Gelatin is a high-molecular-weight polypeptide
obtained from the partial hydrolysis of collagen, which
forms the main component of connective tissues of ani-
mals, such as bones and skin [28-30].

Collagen hydrolytic processes can be divided in-
to three groups: physical, chemical and enzymatic [31-
34].

Functional properties of gelatin are related to
chemical characteristics. Gel strength, viscosity and melt-
ing point of gelatin depend on its molecular mass distri-
bution and amino acid composition. The amino acids
proline and hydroxyproline play an important role in the
renaturation of gelatin subunits during gelation. As a
result, gelatin with a high amino acid content has a high-
er gel strength and melting point.

Table 3 shows a comparative analysis of the
amino acid composition of gelatin of different origin.

Gelatin is an important hydrocolloid and is used
as a stabilizer, thickener, emulsifier, foaming and wetting
agent for food, pharmaceutical, medical and technical
applications due to its surface-active properties, as well
as for encapsulation of food additives and active sub-
stances [38-39].

Gelatin capsules protect active substances from
moisture, high temperature or other extreme conditions,
thus increasing their stability [40].

Whey protein is a protein obtained from whey
and buttermilk [15, 41].

Whey protein is albumin, so it dissolves in water
at a pH of 6.6. The hydration capacity of whey protein
concentrates is 0.45-0.52 g of water/g of protein [41, 42].

The annual world production of whey proteins is
about 600,000 tons [41].
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Table 3 — Amino acid composition of gelatin of different origins (number of residues/1000 total amino
acid residues) [35-37]

Amino acids Pig skin Cattle skin

Asx (asparagine residues and aspartic acid ) 46 44
Threonine (Thr) 18 17
Serin (Ser) 36 29
GlIx ( glutamine residues and glutamic acid ) 83 74
Glycine (Gly) 355 341
Alanine (Ala) 116 115
Valin (Val) 24 21
Methionine (Met) 5 5
Isoleucine (lle) 12 11
Leucine (Leu) 25 25
Tyrosine (Tyr) 3 1
Phenylalanine (Phe) 14 12
Histidine (His) 5 5
Lysine (Lys) 29 26
Arginine (Arg) 53 48
Proline (Pro) 90 123
Hydroxylysine (Hyl) - 7
Hydroxyproline (Hyp) 86 96

In total 1000 1000

Whey protein is extremely popular due to its
ability to form films and is used as a protective material
during spray drying, which is the final step in the prepa-
ration of water-soluble microcapsule systems [3].

Conclusions

substances, which will make it possible to obtain a prod-
uct with a directed effect and an adjustable duration of
action.

The use of natural biopolymers in the microen-
capsulation technology for the stabilization of probiotic
microorganisms is an innovative approach to increasing

Microencapsulation is a technological process of
covering the outer surface of particles with film-forming

the efficiency of the use of probiotic additives in the
feeding of farm animals.
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XAPAKTEPUCTHUKA TA 3ACTOCYBAHHA BIOIIOJIIMEPIB IS
MIKPOKAIICYJ/IIOBAHHS BIOJIOI'TYHO AKTUBHUX PEHOBHUH

AHoTauis

B romiBii CiIbCHKOrOCHOAAPCHKUX BHCOKONPOIYKTUBHUX TBAPHH 1 ITHII BaXKJIMBA POJb HAICKHUTH SKOCTI Ta
0e31MeYHOCTI KOMOIKOPMOBOT TIPOAYKIIii, s BUPOOHHUIITBA SIKO1 3aCTOCOBYIOTH IpeMikcu abo mpemapatu 0ioJOTidHO
aKTUBHUX pEYOBMH. Bce wacTime B TOZIBII CLIBCHKOTOCIIONAPCHKUX TBAPHH 1 NMTHUIl BUKOPHUCTOBYIOTH MPOOIOTHYHI
J00aBKM Ha OCHOBI KHMBUX MIKPOOPraHi3MiB, sIKi B TOMY YHCII, 3a0€3Me4yI0Th CTIHKHN iIMyHITET 10 iH}eKuiitHnX XBo-
po0, He BHKOPUCTOBYIOUM B pallioHI aHTHOIOTHKIB. B pe3ynbTarTi moKpaiuryeTbcsi 3arajibHUAN CTaH Ta IiJBHIILY €ThCS
MPOJYKTUBHICTh TBAPUH Ta SIKICTh TBAPMHHHLBKOI Mpoxaykuii. ChOro/iHI OJJHUM 3 aKTyaJbHUX IHMTaHb € cralimizamis
npoOiOTHYHKUX MiKpoopraHi3miB. Tak, TeXHOJIOTisS MIKPOKAICYJIIOBaHHS JJO3BOJISIE TIOKPUBATH YACTHHKU MPOOIOTHYHOT
JI00aBKH 1HIUBITYaJIbHOI 00OJOHKOIO /SISl OJIepKaHHs IIPOAYKTY 31 CPSMOBAHOIO JTI€I0 TA PEryJbOBaHUM YacOM BHBI-
JIbHEHHS CKJIaZIOBOi PEYOBUHHU. B cTaTTi pO3riIsiHyTO METaboIi3M HpOTEeTHY MPH TOMAIBII BUCOKONPOIYKTHBHUX MOPIi[
BeJIHMKOI poraroi xynoou. HaBeaeHo meronu crabinizamii KIITHH Ta TepeBaru cTadimizoBaHux Gopm mpobdioTukis. [1po-
aHaJIi30BaHO TEXHOJIOTII Ta BHIW MarepialliB 0OOJOHKH, SKi IIMPOKO BHKOPHUCTOBYIOTHCS U MiKPOKAIICYTIOBAHHSI
po0ioTHKIB. BUKOpHCTaHHS KOHKPETHOI TEXHOJIOTIi MiKPOKAIICYIFOBaHHS a00 MaTepiany 3aJIeKHUTh BiJl BIACTHBOCTEH
KOHKPETHOT'O Tpo0ioTHYHOTO mrtamy. J{ist cTabimizamii KIITHH MiKpOOPTaHi3MiB BUKOPHCTOBYIOTh PSYOBHHH OpTaHId-
HOI Ta HEOPTaHIYHOI MPUPOIU, CHHTETUYHI MaTepiaiy Ta MPUPOIHI OiomerpamoBaHi moiiMepu. [leTanbHO PO3TISIHYTO
HAMOLIBII MOMYJISIPHI 010MOTIMEPH, SIKi BHKOPHCTOBYIOTh JUISI MiKPOKAIICYJIFOBAHHS — allbTiHATH, KapariHaHW, XiTO3aH,
KpOXMaJib, TyMiapa0ik, NeKTHH, JKeJlaTHH, CHPOBAaTKOBHH MpoTeiH. HaBeJeHo CTpYKTYpHUIA CKJlaz, CHOCOOM OTpUMaH-
Hs, QyHKIIOHANBHI XapaKTEePUCTHKH, 00’ €MH CBITOBOTO BUPOOHUITBA PO3IIISIHYTHX OionosiMepiB. BukopucranHs Mik-
POKAICYJIIOBAHHS MPOOIOTHYHUX MIKPOOPTaHi3MiB MPUPOIHUMHE OiomoiMepamMu, 3 METOIO cTadimi3allil NpoOiOTHKIB B
TO/IIBJI CUILCHKOTOCTIOIAPCHKHUX TBAPHUH, € IHHOBALIIHHUAM ITiAXO00M.

Kirouosi cjioBa: 6ionosiMepu, Mikpokancy/1l0BaHHs, NPO0iOTHKH, BUCOKONPOAYKTUBHI TBapuHH, 0io-
JIOTIYHO AKTUBHI Pe4OBHHM, POTEiH.
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