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STUDY OF THE IMMOBILIZATION OF THE PROBIOTIC STRAIN LACTOBACILLUS
PARACASEI-010-K ON A NATURAL SORBENT FOR USE IN POULTRY FARMING

Annotation: This article presents the results of a study on the immobilization of cells of the probiotic
strain Lactobacillus paracasei-010-K on natural adsorbents.

Methods of cell immobilization can increase their stability, reduce the lethal effect of microorganisms
on cells during their passage through the gastrointestinal tract, improve visceral parameters and clinical
outcomes compared with free cells. The local mineral vermiculite was used to immobilize lactic acid bacteria.
The sample is characterized by a high content of macro and microelements compared to samples of
vermiculites from other deposits in the country and it has high adsorption activity (20-50% by volume). To
immobilize the cells of the strains, the mineral adsorbent vermiculite was added in amounts of 0.25, 0.5, 0.75
and 1.0 (%) to daily cultures of lactic acid bacteria with titers of 1*107 CFU/ml in the MRS (de Man, Rogosa u
Sharpe agar) nutrient medium. The adsorption-immobilization process was carried out at 37°C with stirring for
24 hours. Liquid preparations containing lactobacillus cells and adsorbent were stored at a temperature of 4-
6°C for 30, 60 and 90 days to assess the stabilizing effect of the adsorbent and determine its optimal amount.
In the course of studies on the immobilization of microorganisms on enterosorbents, it was found that
vermiculite does not adversely affect the bioactivity and viability of lactic acid bacteria cells. Moreover, when
vermiculite was introduced into the MRS medium at a concentration of 0.5%, the titer of lactic acid bacteria
increased to 1*10° CFU/mI. The resulting preparations containing cultures of lactic acid bacteria are further
used to introduce them into the composition of feed additives for poultry farming.
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Introduction. The development of new bio-products to produce high-quality poultry products
is an important task for the agro-industrial complex and opens up new opportunities to ensure
national food security. To solve the problem of healthy nutrition, it is necessary to improve the quality
characteristics of poultry feed by creating and using biological products based on natural
agrominerals and lactic acid bacteria. They not only have nutritional and immunological properties,
but also optimize mineral nutrition, correct metabolism, increase poultry productivity and improve
product quality [1].

The development of highly effective biological preparations based on natural aluminosilicates
makes it possible to replace expensive similar products with cheaper ones made from local raw
materials [2]. The mechanism of action of biologics based on probiotic cultures stimulates the
microflora of the gastrointestinal tract, helps to establish an optimal microbial balance, increases the
body's resistance, improves growth and development.

Products based on probiotics should contain a much number of microorganism cells (not
least 10° -107 CFU/g) [3]. The use of such a large number of microbial cells is accompanied by the
adverse effects of adverse factors of various origins. The main factors of adverse effects include
processing conditions (e.g. temperature, oxidation), storage conditions (packaging materials and
environment: humidity, oxygen, temperature) and deterioration in the gastrointestinal tract (low pH
in the stomach, bile salts in the small intestine). However, the survival rate of probiotics during
storage and passage through the gastrointestinal tract is usually low [4].

One possible solution to this problem is the immobilization of bacterial cells [5]. Cell
immobilization techniques can increase cell stability, reduce the lethal effects of microorganisms on
cells, and improve histological parameters and clinical outcomes compared to free cells.
Immobilization methods improve the survival of probiotics in food and during gastrointestinal transit.

Mineral enterosorbents serves as a reliable protection for bacteria, attracting aggressive
substances to its surface. Probiotics obtained by immobilization enter the large intestine, preserving
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most of the microorganisms. The presence of enterosorbent in the composition of drugs affects not
only the bioavailability, but also the therapeutic activity of drugs, i.e. probiotic bacteria attaching to
the inner wall of the intestine accelerates the growth and reproduction of beneficial microorganisms,
the population of bacteria belonging to conditionally pathogenic and pathogenic microflora rapidly
decreases [6].

The presence and magnitude of the charge play a dominant role in the interaction of the cell
and the adsorbent, and the nature of the adsorption force in such an interaction is mainly determined
by the chemical composition of the bacterial cell wall and the functional groups of the adsorbent
itself. It is known that gram-positive bacteria, including lactic acid bacteria, have negatively charged
surfaces [7].

N.V. Potekhina's research has shown that the negative charge on the cell surface is caused
by anionic polymers in the cell wall. This primarily applies to the macropolymer peptidoglycan. The
negative charge of peptidoglycan is formed due to the carboxyl groups of y-glutamic and meso-
diaminopimeric acids and the terminal residue of the D-Ala peptide subunit.In addition to teichoic
and lipoteichoic acid, anionic compounds such as teichuronic acid and sugar-1-phosphate polymers
make a significant contribution to the formation of the polyelectrolyte gel structure of the cell wall [8].

Adsorption immobilization of microbial cultures is currently used in various fields of research,
and in some cases has already found technical application [9]. The popularity of this approach is due
to the fact that the formulations obtained by this method are significantly superior in their beneficial
properties to formulations using conventional excipients.

Highly effective adsorbents can be used directly to change the bacterial flora in local areas
of the body. An example of this approach is the use of natural mineral adsorbents containing colloidal
silicon dioxide, which has been proposed for the treatment of foodborne toxic infections and non-
infectious inflammatory diseases.

When developing immobilized forms of biological preparations, the most important point is
the choice of a sorbent carrier. According to the classification of sorbents by chemical structure,
there are: carbon adsorbents; silica gels; zeolites; aluminogels; aluminosilicates and other inorganic
sorbents [10]. Mineral sorbents can be isolated as zeolites and aluminosilicate — vermiculite.

Vermiculite is one of the most promising natural aluminosilicates suitable for use in agriculture
[11]. It is a natural mineral that is a product of hydrothermal decomposition of biotite, phlogopite,
some types of chlorite and other magnesium-rich silicates [12]. Vermiculite is a silicate of
magnesium, aluminum and iron, consisting of SiO; (%) (about 35-45), MgO (about 20-40), Al,O3;
(about 7-15) and Fe»O3 (about 10) [13]. Vermiculite improves the digestive process by increasing
the area of biochemical reactions in the intestine and sorbing low molecular weight metabolites [14].
In the production of vermiculite, high heat treatment increases volume, increases permeability and
reduces weight. The resulting product is very light and sterile [15]. The material has a relatively high
moisture retention capacity (200-325% by weight and 20-50% by volume), thermal conductivity
(0.065-0.062 W) and a golden, accordion-like appearance. An important property determining the
industrial value of vermiculite is its ability to increase in volume (swell) by 6-8 times when heated
above 300°C [16].

The purpose of this work is to study the effect of different concentrations of vermiculite on
cell immobilization of the probiotic strain Lactobacillus paracasei-010-K.

Research methods. The object of this study is the probiotic strain Lactobacillus paracasei-
010-K. The high biological potential of the Lactobacillus paracasei-010-K strain isolated by us from
koumiss suggests that it has probiotic properties and can be used as a probiotic formulation for
poultry farming. Based on this study, a strain passport was compiled and deposited in the Collection
of the Republic of Microbiology of the Republic of Kazakhstan [17].

A mineral adsorbent, vermiculite, was used to immobilize lactic acid bacteria. Vermiculite is
a local product of the Kulantau deposit (Turkestan region, Kazakhstan), with a grain size of 0.5-3.0
mm and was obtained from the processing company AVENUE LLP (Kulantau deposit).

The immobilization of strain cells was carried out according to the authors' method described
in [18]: the mineral adsorbent vermiculite was added in amounts of (%) 0.25, 0.5, 0.75 and 1.0 during
daily cultivation of probiotic strains of lactic acid bacteria in the MRS (de Man, Rogosa n Sharpe
agar) nutrient medium in titers of 1*10” CFU/ml. The process of adsorption immobilization was
carried out by mixing, which consists in the fact that the contact of the adsorbent with a suspension
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of cells in a culture medium occurs with continuous stirring for day at the temperature of 37°C.
Mixing was carried out on orbital shakers (0OS-20, BioSan, USA) at a speed of 128 rpm. Next, the
supernatant was separated from the sorbent with a pipette and seeded by the Koch method on a
dense medium of MRS to confirm a decrease in the number of free cells in the culture fluid. Further,
synbiotic liquid preparations containing lactobacillus cells and sorbent were stored in a household
refrigerator (DS 325000, Beko, Turkey) at a temperature of 4-6°C for 30, 60 and 90 days to assess
the stabilizing effect of the sorbent and determine its optimal amount. The growth dynamics of
immobilized crops was determined by sequentially diluting the immobilizer in a liquid medium of MRS
and seeding dilutions on a dense medium of MRS according to GOST ISO 11133-2016.

The experiment was performed in one repeat. Statistical processing of the results was carried
out using standard methods.

Results and discussions. First of all, the electron microscopic structure of vermiculite was
investigated. Figure 1 shows electronic photographs and their surface, visualized at different
magnifications.
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Figure 1 — Electronic image of vermiculite crystals. Increased volume x50(a) and x200(b)
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Electron microscopic studies have revealed that vermiculite has a complex microsurface relief
formed by microcrystals and aggregates, represented in most cases by a finely dispersed mass.
Microcrystal aggregates are concentrated in microgeodes and microcracks located relatively evenly
in the rock.

According to the study of the physico-chemical properties of vermiculite, the color was brown,
greenish-brown, yellow-brown, grayish with a greenish and silvery tint, odorless, the appearance
was scaly, loose masses, worm-like. The volume weight is 123.25g/l, humidity is 0.90%, pH is 7.11.
The peculiarity of this type of vermiculite is that it does not contain asbestos impurities, which is
typical for some vermiculite deposits, and does not contain carcinogenic and harmful to human and
animal health impurities. It also has a high adsorption activity.

A sufficiently high content of macro- and microelements in the composition of vermiculite
distinguishes it from other natural minerals. The sample is characterized by a high content of SiO-
and Fe>0s - about 17 and 20%, respectively (Figure 2). In addition, organic compounds are present
on the surface of vermiculite. Therefore, during the immobilization of lactic acid bacteria on
vermiculite, the carbon groups of the hydrophobic part of the adsorbent come into contact with the
cell surface.

Therefore, studies have shown that vermiculite retains the original compositional proportions
of mineral elements, and the prospects for using this product as a feed additive for poultry farming
and as a basis for the preparation of biological products.

To assess the stabilizing effect of the adsorbent, immobilizates containing a consortium of
lactic acid bacteria and vermiculite were stored at a temperature of 6°C for 90 days. The results
showed that the greatest stabilizing effect was achieved at a concentration of 0,5% vermiculite.

As can be seen from the data shown in Table 1, vermiculite is able to increase the
concentration of bacterial cells by 55%. The presented data provide confidence that positively
charged vermiculite adsorbents are an effective means for the immobilization and concentration of
lactic acid bacteria and their metabolites.

ISSN 2788-7995 (Print) Becruux yunsepcurera llakapuma. Texuudeckue Hayku Ne 2(14) 2024 101
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 2(14) 2024



Counts

K 6.3985 0.59 a. . B Z
Total 100.00 100.00

Figure 2 — Mineral composition of experimental vermiculite

Table 1 — Titer of cells of strain Lactobacillus paracasei-010K when growing on an MRS
medium with the addition of different consentration of vermiculite

Concentrations of vermiculite on the nutrient medium
Shelf life, CFU/ml titer the control experienced groups
group 0,25% 0,5% 0,75% 1,0%
at the beginning 107 107 108 108 107
30 days 107 107 108 108 107
60 days 108 108 10° 108 108
90 days 104 107 10° 108 108

However, since these data are essentially the results of static experiments, they do not
provide information about the degree of reversibility of sorption, which is important for the cultivation
process, or about the impact of long-term survival of the culture. To determine these properties,
experiments were conducted on control crops obtained from the combined preparation after different
storage periods — after 30, 60 and 90 days. The table shows that the data on assessing the viability
of a culture at a concentration of 0.5% sorbent, for short shelf life (30 days), differ significantly by
more than 2 orders of magnitude for longer periods (90 and 60 days, respectively).

Thus, based on the model of the Lactobacillus paracasei-010K strain, the sorbent vermiculite
is an effective carrier for obtaining composite immobilized forms of biological products, has a high
sorption capacity both with respect to whole cells.

Conclusion

In the course of our research, we selected concentrations of a stabilizing sorbent —
vermiculite, which, when added to the liquid medium of lactic acid bacteria culture in an amount of
0.5%, contributes to both intensification and prolongation of the vital activity of lactobacillus culture.
The resulting synbiotic drug can be used as a feed additive to normalize the intestinal microflora of
farm birds and fish. The presence of vermiculite and an active strain of lactic acid bacteria in the
composition of the drug affects not only the bioavailability, but also the therapeutic activity of the
drug.
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K¥C LWWAPYALUbINbIFbIHOA KONOAHY YWIH LASTOBASILLUS PAACASEI-010K
NMPOBUOTUKAINDBIK LUTAMMbIHbIH TABUFX COPBEHTTE UMMOBUITU3ALIUANAHYbIH 3EPTTEY

Makanada maburu copbenmme Lastobasillus paesacasei-010K npobuomukarnbiK wWmamMmbiHbIH
JKacyuwanapblHbIH UMMObUIU3ayuUsiCbiH 3epmmey Homuxenepi KenmipineeH.

Xacywanapdel ummobunusayusiiay mexHosoauscbl 60C xacywanapMeH —carnbicmbipraHda
mypakmbinibIKMbl apMMbIPyFa XoHe ackalaH-ileK Xordapbl apKblibl emy KesiH0e MUKpoopaaHu3moep
JKacywanapbiHbIH KblpblilybiH a3alimyra, op2aHonenmukarsblK Kepcemkiumep MeH KIUHUKabIK HOMUXEH|
Xakcapmyra MymKiHOIK 6epedi. Jlakmobakmepusnapdel ummobunusayusnay YWwiH xepainikmi MuHepan —
8epMUuUKynum KosdaHblnobl. by ynei 6acka 0a KeHopbIHOapbIHbIH 8EPMUKYIUM yriginepiMeH canbicmbipraHoa
KypambiHOafbl Makpo XeHe MUKpoarieMeHmmepOiH Ker MmesnwepiMeH curnammarnadbl, COHbIMEH Kamap o7
JKOFapbl adcopbyusnbik besiceHOinikke ue (kenemi 6olbiHwa 20-50%). LUmammHbIH XacywanapbiH
ummobunusayusinay ywiH MRS Kopekmik opmacekiHOarbl cym KbilWKbinbl 6akmepusinapbiHbiH 1107 KTb/mn
mumpi 6ap maynikmik KynbmypacbiHa 0,25%, 0,5%, 0,75% xoeHe 1,0% menwepiHOe muHepan-copbeHm
8epPMUKyYIuUm Kocbindbl. AOcopbuusinbik ummobunusayusi npoueciH 37°C memnepamypada 24 caram 600bl
apanacmbipy a0ici apKbinbl xypeiddik. OdaH KeliH copbeHmmiH mypakmaHObIpyuwbl 8cepiH baranay xeHe
OHbIH OHMaUlnbl MenuwepiH aHbliKmay YWwiH nakmobakmepusinap xacywasnapbl MeH copbeHm bap cylbIK
npenapammap 4-6°C memnepamypada 30, 60 xoHe 90 mayriikke cakmayra Kolibindbl. dHmMepocopbeHmme
MUKpoopeaaHusmOepliH ummobunusayusnaHyblH 3epmmey bapbiCbiHOa 8E€PMUKYIUMMIH Cym KbIWKbIfbI
bakmepusinapblHbiH XacywanapblHbiH ¢husuonoausnblk besniceHdiniai meH emipweHOieiHe Kepi acep
emnelimiHiH, coHbiMeH Kamap eepmukynummiy 0,5% koHueHmpayusiceiH MRS opmacbkiHa eHaisinyi cym
KbIWKbIbI 6akmepusinapbiHbiH mumpiHiH 1*10° KTb/mn OeliiH )ofapbinaybiHa biKnan ememiHi aHbiIKmarnobl.
Cym KbiwKbiribl 6akmepusinapbl 6ap npernapam 6ydaH opi KyC wapyauwbifibifbiHa apHanfFaH asbiKmbiK
KocnanapObiH KypaMbiHa eHai3y yuwiH natidanaHsinamsiH 6oadsbl.

TyliH ce3dep: npobuomuk, npebuomuk, ummobunusauyusi, copbeHm, buorpenapam, wmamm,
CYMKbIWKbINObI 6akmepusinap.
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N3YYEHUE UMMOBUITU3ALIUN MPOBUOTUYECKOIO LUTAMMA LACTOBACILLUS PARACASEI-
010-K HA MPUPOAHOM COPBEHTE 1A NPUMEHEHUA B NTULUEBOLOCTBE

B cmambe npedcmasneHbl pe3ynbmambl [0 uccriedosaHurd  UMMOobuu3auyuu  KIiemok
npobuomu4yeckoeo wmamma Lactobacillus paracasei-010-K Ha npupodHom copbeHme. Memoosbi
umMmMobunu3ayuu Kemok no3eosisiom Mosbicums Ux cmabusibHocmb, CHU3UMb slemarnbsHoe g8o3delicmeaue
MUKPOOP2aHU3MO8 Ha KITIemKU 80 8PEMS UX MPOXOXOEHUS Yepes xesly004YHO-KULWEYHbIU mpakm, yray4wums
sucueparsbHble rokasamesiu U KIUHUYEeCKUe UucXo0bl MO CPaBHEHU CO C80OOOHbIMU Krnemkamu. [ns
umMmobunusayuu nakmobayusi ucrnoib3o8asu MUHepas — 8epMUKYIUM, KOmopbIl serisiemcsi npoOyKmom
MecmHo20 npoussodcmea. [ obpasya xapakmepHO 8bICOKOE COOepxaHUe MaKpOo U MUKDPO3/1IEMEHMOB8 M0
CcpasHeHUro ¢ obpasuamu 8epMUKYIUMO8 Opy2ux MeCmMopPOXOeHUU cmpaHbi, mak e oH obriadaem ebiCOKoU
adcopbuyuoHHol akmueHocmblo (20-50% no obvemy). [Ans ummobunusayuu KrnemokK WmaMmMos
MuHepanbHblll adcopbeHm gepmukynum 0obasnsnu e konudecmee 0,25%, 0,5%, 0,75% u 1,0% «
MOIOYHOKUCIbIM 6akmepusiM, exedHe8HO KyrnbmuesupyeMbiM 8 numamerbHol cpede MRS ¢ mumpamu om
1*107 KOE/mn. lNpouecc adcopbuuu-ummobunusayuu rnposodusnu npu 37°C ¢ nepemeuwiusaHueM 8 medyeHue
24 4yacos. XKudkue npenapamsbi, codepxxawue Krnemku nakmobauunn u adcopbeHm, XpaHunuckb rpu
memnepamype 4-6°C e meueHue 30, 60 u 90 dHel Onis oueHKU cmabunusupyrou,ezo sgpgpbekma adcopbeHma
u onpedefieHUss €20 ONMuUMasibHo20 Konudecmea. B xo0e uccriedogaHuli nmo ummobuuzayuu
MUKPOOpe2aHu3Mo8 Ha 3HmepocopbeHmax Obii0 yCmaHO8/IEHO, 4YMO 8epPMUKY/IUMm He okKa3bleaem
He2amueHO20 6/USIHUS Ha bUuO0aKkmueHOCMb U XXU3HECIOCOBHOCMb K/IemOK MOJIOYHOKUCTIbIX bakmepud.
Bonee moeo, npu eHeceHuu sepmukynuma & cpedy MRS e koHueHmpauyuu 0,5% mump MOSI0YHOKUCIIbIX
b6akmepul yesenuyusncs 0o 1*10° KOE/mn. MNMonydyeHHbIl npenapam, codepxawjull Kybmypy MOSOYHOKUCIIbIX
b6akmepuu, danee bydem ucronb308aH Os1si 88e0eHUs 8 cocmas KopMosbix 0obasok dnsi nmuyesodcmaa.

Knroyeenie crnoea: npobuomuk, npebuomuk, ummobunusayus, copbeHm, buonpenapam, wmamm,
MOJI04YHOKUCIIbIe Bakmepuu.
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NCCIIEAOBAHUE HOBbIX PYBJIEHHbLIX MOJTY®ABPUKATOB U3 CYBINPOAYKTOB

AHHOMauusi: YdosrnemeopeHue pacmyuje20 MuUpo8o20 cripoca Ha 6enok npusodum K
B03HUKHOBEHUIO MPobrieM ¢ MOYKU 3peHuUs NpedrioxeHus. PacwupeHue ucrnonib308aHUsi XU80mHbIX besikos
3a cyem boriee WUPOKO20 UCIMOMb308aHUSI MSICHbIX cybrpodykmos u Moaro b6bl cmamb YacmbHo peuweHus,
npu ycnosuu o000bpeHus nompebumensamu. B amom uccrnedoesaHuu u3y4anacb epcrieKmueHoCmb
ucrnonb308aHusi cybrnpodykmos u3 mywu 208510UHbl makue Kak royku, cepoue, A3blK, pybeu, a makxe
MecmHoe pacmumeribHOe Chipbe MOPOWOK mapbl 8 MosyYeHUU pybrieHHbIX nonyghabpukamos(kommem,).
Kpome moeo, ysenudyeHue acopmumeHma MSCHbIX PoOyKmMos rno3seonum npednpusmusm 6bimb 6ornee
2ubKuMu u adarnmueHbIMU K U3MEHSIFOLUUMCST PbIHOYHbIM yCcriogusiM. Hoebie rnpodyKkmbl Mo2ym rpussieyb
8HUMaHue rnompebumerneli U cmame KIIHOYE8bIM KOHKYPEHMHbLIM MpeuMyu,ecmeom nepepabambi8aroujux
npednpusmudl. PacwupeHue rnuHelku npodyKyuu makxe crnocobcmeyem yeenuvyeHurw 00xo0008 U
YIyHWeEHU hUHaHCOB8020 0JI0XKEHUST NMPednpusimusi 3a cHem ygesniudeHus 06Lemo8 npodax.

Llenbto uccnedosaHusi sigrissiemcsi payuoHaibHoe UCMOoIb308aHUSsT 8MOPUYHO20 MSICHO20 Cbipbsi Ois
rnpoudgsodcmea HOBbIX MPOOYKMOo8  /1e4ebHO-MPouIakmu4yecko2o numaHus C  Mo8biWeHHOU
buonoeauyeckol yeHHocmbto. B OaHHoU cmambe 6biniu uccrnedosaHbl CEHCOPHbIE U Op2aHofienmu4yeckue
riokazamenu, ¢hu3uKo-xumuyeckue riokazamenu (6enka, Xupbl, yeneeolsl, enaau, 301bl,), 8UMaMUHHbIU
cocmas, a makxe meKCmypHbIl poubHLILU aHanu3 Hosbix pybreHHbIX Mnonycpabpukamos u3
cybrnpodykmoe ¢ 0obasrieHUEM MECMHO20 PacmumesibHO20 opowKa mapbl.

Knro4deesnlie cnioea: cybripodykmel, pybreHsie nonygabpukamsl, mapbl, mekcmypHbil npogurs.
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