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PROSPECTS FOR THE USE OF PROBIOTIC ENCAPSULATION PROCESS

Abstract: This article discusses the various types, encapsulation stages, and polymers for
encapsulating probiotics. The article reflects several methods of encapsulation, such as spray drying,
spray freezing, emulsification, extrusion method, etc. Encapsulation allows isolating the
encapsulated material from the surrounding environment until its release occurs. The structure
formed by the encapsulating agent around the encapsulated material can be tailored to protect the
contents and ensure their release under certain conditions. The size of capsules can range from
submicron to several millimeters, and their shape can vary. The content of the capsule can be
released through various pathways: mechanical rupture of the capsule, dissolution of the capsule,
melting of the capsule, or diffusion through the capsule wall.

In our time, a large number of people suffer from gastrointestinal diseases. Encapsulation of
dietary supplements (BAA) will help replenish the deficiency of microelements in the human body.
The article demonstrates that the use of encapsulated forms of probiotic cultures in the food industry,
especially in the production of dairy products, will not only preserve the viability of the applied
microorganisms but also provide favorable conditions for their development in the human body.
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Given the significant role of gut microbiota in shaping the immunobiological reactivity of the
body, the exclusive importance lies in the creation and use of functional food products based on
microorganisms belonging to the normal physiological inhabitants of a healthy human intestine.

According to modern requirements imposed on these products, probiotic bacteria must be
present in quantities corresponding to the therapeutic dose (no less than 1-108 CFU/g of the
product), maintain viability throughout the product's shelf life, and survive in the human
gastrointestinal tract [1]. However, to date, numerous studies indicate that a significant portion of
probiotic cells loses its activity due to the death of microorganisms during the storage of products,
as well as during the passage through the gastrointestinal tract. The reasons for this are low pH
values of the stomach, the influence of gastric acid, and pepsin in the gastric juice, etc. The most
promising direction for solving this problem is the use of a specific case of the bacterial cell
immobilization process — encapsulation [2].

Encapsulation is a physico-chemical or mechanical process of enclosing small particles of a
substance (solid, liquid, or gaseous) in a shell of a film-forming material to obtain particles with
diameters ranging from several nanometers to several millimeters [3, 4].

The process of encapsulating microorganisms involves creating polymeric systems in the
form of hydrogel matrices and microcapsules with immobilized microbial cells. The capsules have a
dense outer shell that serves the role of a semi-permeable membrane, and an internal liquid content.
Microorganism cells are localized within the matrix formed inside the capsules, where they can
reproduce directly [5].

Initially, the encapsulation of biologically active substances was carried out to enhance their
effectiveness, reduce toxicity, or for their stabilization, primarily — in the pharmaceutical industry and
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pesticide production. Today, encapsulation is a rapidly developing technology that has found broad
applications in various sectors of industry, serving as a notable example of utilizing
microtechnologies in the fields of food science and biotechnology [6].

In the food industry, encapsulation of bioactive components is used to regulate oxidation-
reduction reactions, adjust taste, color, and smell, and increase lifespan expiration date, etc.
Currently, encapsulation of lactic acid bacteria, both starter cultures and probiotics, has become
widespread to protect them in the gastrointestinal tract from acidic pH values, which makes it
possible to increase the production of new technologies of functional food products [7].

The technology of encapsulation is gaining increasing interest in the field of biotechnology,
because, in addition to increasing the survival rate of probiotic cultures in dairy products and in the
gastrointestinal tract, it can protects cells from bacteriophages, increases their survival during drying
and freezing, stabilizes quality indicators and increases expiration date of products. Moreover,
encapsulated cultures provide greater stability of cells and high production of metabolites at a high
agitation rate.

The encapsulating substance must be safe and capable of forming a barrier to protect
probiotics.

There are various types of encapsulation, such as the «reservoir» type and the matrix type.
In the first case, the encapsulating material forms a shell around the encapsulated material and,
consequently, may be referred to as a capsule. In the matrix type, the active agent is dispersed in
the carrier material but can also be present on the surface of the encapsulating substance. The
combination of these two methods allows obtaining a third type of encapsulation — matrix, where the
active agent is covered by a film [8].

The viability of encapsulated probiotic cells depends on the physicochemical properties of
the capsules. For scientists conducting the encapsulation process, the following parameters are
crucial: the type and concentration of the covering material, particle size, initial cell count, and the
strain of certain bacteria. In the case of probiotic encapsulation, the task is not only to protect cells
from adverse conditions but also to maintain them in a viable state with metabolic activity in the
intestine. The obtaines capsules should be insoluble in water and stable in foods and in the upper
gastrointestinal tract, and the encapsulating polymer must be allow for the gradual release of cell
contents during intestinal digestion [9].

The encapsulation technology typically involves three stages.

The first stage involves incorporating bioactive components into a liquid or solid matrix. In the
case where the base is a liquid, incorporation will occur through dissolution or dispersion in the
matrix. If the base is a solid substance, introduction will be done through methods like agglomeration
or adsorption.

In the second stage, the liquid matrix is dispersed, and the solution is sprayed onto the solid
matrix.

Various materials are used for encapsulation, such as alginate, gellan gum, chitosan, pectin,
etc.

Alginate hydrogels are widely used in cell encapsulation, and calcium alginate is preferred
for encapsulating probiotics due to its simplicity of use, non-toxicity, biocompatibility, and low cost.
The use of coating microcapsules with alginate during encapsulation is a popular research direction
in the field of probiotic encapsulation. In addition to providing additional cell protection, such coatings
can possess other beneficial properties, such as controlling the release of probiotic cells. The most
popular material used for coating is the polysaccharide chitosan. Research has shown that a
multilayer coating of chitosan on capsules enhances protective properties and can be applied to
improve the survival of probiotic cells in highly acidic food systems, such as pomegranate juice.

Pectic substances, or pectins, are polysaccharides formed primarily from residues of
galacturonic acid. They are present in all higher plants, especially in fruits, and some seaweeds.
Serving as a structural element in plant tissues, pectins contribute to maintaining their rigidity,
enhancing the resistance of plants to wilting, and the stability of vegetables and fruits during storage.
Used in the food industry — as structuring formers (gelling agents), thickeners, as well as in the
medical and pharmaceutical industries as physiologically active substances with beneficial
properties for the human body. On an industrial scale, pectic substances are primarily obtained from
apple and citrus pomace, sugar beet pulp, and sunflower husks.

Gelatin is a product of the destruction of collagen, the connective tissue protein in animals.
The production of gelatin can be carried out through the following methods: acid, alkaline, enzymatic,
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and steam extraction under high pressure. In the USA, food-grade gelatin is produced using acidic
treatment of frozen pig skin, while in domestic food industry gelatin is obtained through alkaline
treatment of bones and skins from pigs and cows.

Thus, the use of hydrophilic polymers for the encapsulation of probiotics is promising and
contributes to the high viability of cells under the influence of aggressive conditions in the
gastrointestinal tract.

An important aspect in the encapsulation process is the selection of the encapsulation
method. Choosing the encapsulation method allows selecting the encapsulating material based on
the morphological characteristics of the obtained capsules.

There are several encapsulation methods, such as spray drying, spray-freeze drying,
emulsification, extrusion methods, and etc.

Spray drying is one of the oldest and most widely used methods of encapsulation employed
in the industry. The use of this method provides flexibility and continuity in the process and
contributes to obtaining capsules of high quality with a particle size of less than 40 micrometer.
However, despite the widespread use of spray drying in the food industry, this method has several
drawbacks, such as the need for complex and expensive equipment, uneven drying conditions in
the drying chamber, as well as difficulties in controlling particle sizes.

Figure 1 shows a scheme for obtaining microcapsules.
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Figure 1 — Basic diagram describing the stages of obtaining microcapsules [11]

Vacuum or sublimation drying is very similar to the process of spray drying; however, it is
faster and more cost-effective, as it occurs at a temperature above the freezing point of the solvent.
The main drawback of sublimation drying is high energy consumption and the duration of the
process.

Another commonly used method of encapsulation is emulsification. It is employed for
encapsulating water-soluble components, is easily scalable, and ensures high cell survival for
bacterial cultures. Capsules obtained through this method have a small diameter, but a major
drawback is the production of capsules with a wide range of sizes and shapes.

The extrusion method is widely used in laboratory research. Extrusion is a physical method
of encapsulating living probiotic cells using hydrocolloids (aqueous solutions of polymers) as
encapsulating materials. The essence of the method is to obtain capsules by squeezing the polymer
through a nozzle under pressure. The chosen method is simpler and cheaper, and also uses a gentle
mode of operation and does not cause damage to probiotic cells and ensures their high vitality.
However, this encapsulation method does not involve the use of harmful solvents and can be used
both in aerobic and anaerobic conditions [12].
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NMPOBUOTUKTAPObI UHKAMNCYNAEY NMPOLUECIH KONAOAHY KEJNELUET

byn wmakanada uHkancyndeyOiH epmypni munmepi, cmadusinapbl, COHbIMEH Kamap
npobuomukmepdi  uHKaricyndeyze apHanfaH ronuMmepnep  KapacmelpbiifaH. Makanada
uHkaricyndeyodiq bipHewe adicmepi KepceminzeH, onap MbiHamap: Oypikkiw kenmipy, crnped-
MOoHasbimy, aMyrbauprey, 3Kempy3uoHObl xeHe m.6. adic. KaricynanaHambiH MamepuandbiH
aliHanacblHOa KaricynarsnblK a2eHm my3emiH KypbifibiM Kabbipranap MasmyHbIH KOpfFalmblH XoHe
beneini 6ip xardalinapda oHbIH bocambifybiH Kammamachkl3 ememid emin maHdasybl MYMKIH.
KancynanapdeiH menuwepi cybMuKkpoHHaH bipHewe munnumempee 0eliH e32epyi MyMKiH. [TiwiHi de
apmypni 60nybl MyMKiH. KancynaHblH Ma3MyHbIH 8pmypii xondapMeH wbiFapyra 60mnadbl:
KarncynaHbiH MexaHuKarnbiKk Oy3birlybl, KaricynaHblH €pyi, KarcynaHblH epyi Hemece Karicyna
Kabblpracbl apKbiiibl QU y3Us apKbIribl.

Kasipai yakeimma kennmeaeH adamdap acKa3aH-ilekK xondapbiHbIiH aypynapbiMeH aybipadbl.
Huemanbik kocnanapdbl Karcynanay adam ar3acbiHOarbl MUKpO3sieMeHmmepOdiH XemicrneywirieiH
monmeipadbl. Makanada mamak eHepkacibiHOe, acipece awbimbisifaH cym 6HimMAepiH eHAipyde

ISSN 2788-7995 (Print) IITokaopiM yHHBEpCHTETiHIH Xa0apIubichl. TexHUKambIK FeutbiMaap Ne 1(13) 2024 42
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(13) 2024



npobuomukanelK  OaKkbliOapObiH  KarfcyrnanaHFaH  myprnepiH  KondaHy — KosidaHbliambiH
MukpoopzaHu3mOepdiH emipuwieHdigiH cakmarn KaHa Kolimau, oniapdbiH adam ar3acbiHOa Oamybl YWiH
Konaltinel xardalnapobl KaMmmamachki3 ememiHdOiai KepcemirneeH.

TytiH ce30ep: uHkarncyndey, npobuomukmep, Mipwinik kabinemmirniei, kancyna, acKka3aH-
iwekK Xonbl, nonumepsep.
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NEPCMNEKTUBHOCTb NPUMEHEHUA NMPOLUECCA UHKATNCYJIMPOBAHUA NMPOBUOTUKOB

B GaHHOU crmambe paccmampuearomcs pasnudHble muribi, cmaduu UHKarcyuposaHus, a
makxxe ronumepb! Ors UHKarcynupoeaHusi npobuomukos. B cmambe ompaeHbl HECKOIbKO
crnocobos8 UHKaricynupoeaHusi, makue Kak pacrbiiumeribHasi cywka, crpeli — 3aMOpO3Ka,
amyrnbauposaHue, 3KCMpPy3uoHHbIl mMemod u m.0d. VIHKarcynuposaHue no3gosisem omaenumsb
Karicynupyembil Mamepuasi om okpyxarouwel cpedbl 00 mex rnop, roka He rpousoltidem ezo
ebicgobox0eHue. Cmpykmypa, Komopasi o0bpadyemcs KariCynupyruuM a2eHmoM 8OKpye
KaricynupyemMoeo Mamepuasia CmeHKU moa2ym Obbimb nodobpaHel makum obpa3om, 4mobbi
3awumume codepxxumoe u obecriedumb €20 8bIC80DOXOeHUE npu OrnpedesieHHbIX YCIo8USIX.
Pasmep karicyn Moxxem gapbuposamb 0m CybMUKPOHHO20 00 HECKObKUX Musiiumempos. @opma
makxe Mmoxem ©6bimb pasnu4yHou. Codepxxumoe Karicysrbl Moxem 6bimb 8bIC8060XKAEHO
pasuYHbIMU  MymMsaMU. MeXaHUYeCKUM paspyWweHUeM Karcyrbl, pacmeopeHuUeM Karicyribl,
pacrinasneHuem Karicysel, 1ubo nymem oughghy3uu yepe3 CMeHKy Karicyribl.

B Hawe sepems 6onbwoe konudecmeo sitodel cmpadarom 60nesHsmu xesnyGo4yHo-
Kuwe4yHoeo mpakma. KancynupoeaHue  BA[Joe rnoseorium — 80CrOMHUMb  Hexeamky
MUKDPO3/IeMEHMO8 8 oOpa2aHu3Me 4esioeeka. B cmambe nokazaHo, 4mo ucCronb308aHUe
KarcynupogaHHbIX ¢hopM npobuomuyecKux Kyrbmyp 8 nuujesoll rnpoMbIWIeHHOCMU, 0COBEeHHO
fpu  U320MOB/IeHUU  KUCIIOMOJIOYHbIX  PpOo0yKmos, Mo380/UmM He MmOJbLKO  COXpaHumb
JKU3HECTOCOBHOCMb  MPUMEHSIEMbIX MUKDPOOp2aHuU3Mos8, HO U obecrieyumbs 6rnaz2onpusimHbie
ycrosusi 011 UX pa3eumusi 8 Op2aHU3Me Yesiogeka.

Knroyeeble crioga: uHKarcynupogaHue, npobuomuku, Xu3HecrnocobHocmb, Karicyna,
XKes1yO04YHO-KUWEYHbIU mpakm, rnosiumepsil.
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WCCNEAOBAHUE U NPUMEHEHWE TEXHONOIMU MUKPOAYIrOBOIro OKCUANPOBAHUA
AnsA BOCCTAHOBJIEHUA PABOYUX NOBEPXHOCTEW NMOPLUHA NPY30BbIX
TPAHCINOPTHbIX CPEACTB

AHHOMauyus: Hay4yHas cmambsi nocesawieHa uccriedoeaHuto U npuUMeHeHU mexHono2uu
MUKpoQy208020 OKcudupoeaHusi Ofid eoccmaHosneHus pabodux nosepxHocmel nopwHel
2py308biX MmpaHcrnopmHbix cpedcms. MccnedosaHue eKnwdYaem 6 cebs aHanu3 u3UKo-
XUMUYECKUX MPoUeccos, npoucxodsuux 80 8pemMs MUKpoOy208020 OKCUOUPOBaHUS alltOMUHUEBLIX
Criiagos, U3 Komopbix us2omosrsieHbl nopuwHu. ®usudeckoe goszdeticmeue MO crocobecmeyem
hopmMuUpO8aHUK MPOYHO20 U CMOUKO20 OKCUOHO20 Cri0s, Npueods K yryquleHuo mopghorioauu
M08EPXHOCMU U 3aKpbIMUO MUKPOMpPeWwuUH. lony4eHHble pe3yribmambsl nodmeepxdatom, 4mo
OaHHass mexHorozausi criocobecmayem c¢popmupogaHuto meepodbix rokpbimul. Ommedaemcs
Hanuyue MUKpompeuwjuH U rnoeepxHocmHbix 0eghekmos Ha UCXOOHOU 1oeepxHocmu antoMuUHUE8020
crinaea, 6bl38aHHbIX aKcrilyamayued. [locne npumeHeHuss npouedypbl  MUKPOOY208020
oKcuduposaHusi 8UOHa 3Ha4yumeribHasi yry4duweHHas Mopgosioausi o8epxHoCmu, yMeHbleHUe
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