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1. HoBuit HarpsiM 610TE€XHOJIOTI] - BUKOPUCTAaHHS MiKPOOPTraHi3MiB 1151 TOTpe6 OyAiBHULITBA YCIIITHO PO3BUBAETHCS
y CBiTi IPOTAArOM OCTaHHiIX 15 pokiB. Oco61Be Miclie cepesi HOBUX OyliBeJIbHUX MaTepialiB, ocifiae BUPOOHUIITBO
6ioLleMeHTY Ta 6i03aKpiIlIl0BaviB I'PYHTIB 3aCHOBAHOTO HA BUKOPUCTAHHI ypeas3a-NpoAyKylounx 6aKkTepii, sKiy
[IPUCYTHOCTI CEYOBMHMU Ta iOHIB KaJIbLIIO Y JIY>KHOMY CEPENOBUL YTBOPIOIOTL HEPO3UMHHI KPUCTANIN KaJIbLUTY.
[TepeBara 6ioLjeMeHTY nepel, TpaIuLiiHUM LIEMEHTOM € Hu3bKa B's13KicTh (B 30 — 300 pasiB MeH1Ie B'I3KOCTi
cycrneHsii leMeHTy), 10 3abe3redye HOoro 34aTHICTh A0 IJIMOOKOr0 IPOHUKHEHHS B [IOPU i TPILIMHY IPYHTY, 6ETOHY
yu KaMmeHIo (Ivanov Ta Stabnikov, 2017). BukopucTtaHHs 6i01leMEHTY POMOHYETHCS [JIs LIMPOKOTO KOJa
OyniBesbHUX POOIT i MO>Ke 6yTU HOBUM, EKOHOMIUYHO e(DeKTHBHMM PilleHHSIM B iHXeHepii OXOPOHU [OBKIJIJIS Ta
OyniBHMLITBA, 0COOJIMBO B rajysi reoTexHiyHoi inkeHepii. Hemosnikamu 6iolieMeHTallii € BAKOPUCTaHHSIM XKUBUX
ypeasa-MpoAyKylo4Yux 6aKTepil, Ki BHOCATBCS y JOBKIUIS (4 B AESKUX 610T€XHOJIOTISIX IPOIIOHYIOTh
BHMKOPHCTOBYBaTU 6aKTepii, 10 BiTHOCATHCS 4O YMOBHO-TIATOTE€HHUX), TA BUBIJIbHEHHS Y aTMOCGepy TOKCUYHOTO

amiaky Ta MOXXJIMBE MOTPAIISIHHY i0OHIB aMOHIIO Y TPYHTOBI Ta TOBEPXHEBi BOU. [10Ka3aHO, 0 OJHUM i3 MOXKJIMBUX



LUISIXiB MifiBUIIEHHS 6i06e3neKu GioleMeHTallii Mo>Xke 6yTH 3aCTOCYBaHHS KMCJIOl ypeasu [Py BUKOPUCTAHHi B
SIKOCTI JpKepeJia KaJlbliilo KICTKOBOTO GOPOIIHA, SIKe MICTUTh KanbLiil y popmi rinpokcuanaTtuty. [Iposenena
ceJleK1ist 6aKkTepiaJbHOrO LITaMy, 1[0 CUHTE3yBaB KMCJy ypeasy cepe, 6akTepili, 110 6y BUAileHi 3 KUCJIO0ro
rpyHTy. lllTaM 3 Hal6/ILIIOI YPEA3HOK aKTUBHICTIO 6yJI0 ieHTU(hIKOBAHO 3a JOMOMOrOK0 amIuidikarii Ta
cekBeHyBaHHs reHy 16 pPHK sk Staphylococcus saprophyticus AUL. MakcrmainpHa MBUAIKICTb pocTy mtamy AUL
craHoBuna 0,15 roa.-1, MakcruMmasibHe HakKoNM4YeHHs! 6iomacu - 6,9 r/n1 cyxoi 6iomacu, a MaKCUMasbHa ypeasHa
aKTUBHiCTb Oysa 8,1 MM nporinposizoBaHoi ceuoBrHNU /XB. HaliBuia ypeasHa akTUBHICTb y Tamy Staphylococcus
saprophyticus AU1 cnioctepiranacs B intepBasi pH Bizg 4,5 1o 5,5, IOCTYII0BO 3HWXKYIOUKCH ITpY MiABUIeHHI pH. 3
MeTOl0 3abe3redeHHs 6i06e3neKky JOBKiIs [1J1s 6iolieMeHTallii 3alIporI0HOBAaHO BUKOPUCTaHHS! YPea30aKTUBHUX
iHaKTMBOBaHUX OaKTepiaabHUX KIITUH Iics iX 06pobku 0,5% po3urMHOM HaTpilo Joaenuicyiabdary npotsarom 120
xBWIVH. [Ipy poBefeHHi 6ioLiemeHTallii, e B IKOCTI IpKepeJla KaJlbllil0 BAKOPUCTOBYBAJIM KiCTKOBE OOPOILIHO, SIKe
MICTUTb KaJblliil y pOpMi rilpokcranaTUTy npu 3HUKEHIH KiJIbKOCTi CE40BMHU 32 JOTIOMOr0I0 iHaKTUBOBAHUX
OaKTepiasbHUX KIIITUH BOJOIPOHUKHICTb 6i01leMEHTOBAHOr O MicKy 6ysa 2¢10-5 M /¢, 1110 J,03BOJIsIE 3aCTOCYBATU
GiolleMeHTallil0 TaKOTo TUITY 7151 YKPIIlJIEHHS I'PYHTY 3 METOIO 3HIDKEHHS I0ro epoa3ii, Hallpukiaz, mics
3eMJIeTpycy, abo 11j1s1 60pOThOM 3 IUJIOBOIO €PO3i€I0 1711 3HVDKEHHSI aTMOC(EPHOTO 3a6pygHeHHS.. OCHOBHOIO
IIEPEBArol0 LIbOTO METOY — 11€ MOKJIMBICTb 3HU3UTHU Ha 75% BUTPATH C€YOBMHU TA 3HU3UTU 33 PAXYHOK L[bOTO
BMKUJIY aMOHIIO Ta aMiaky y JoBKis. Kpim Toro BupiuyeTtscs npobsiema yTuiizauii KicTKOBUX BiIXOLiB i
3MEHIIYETbCS] BAPTICTh MaTepiasiB Ha 6ioLeMeHTalj0. [IoBHICTIO 6i06€311eYHNMU NIPOAYLEHTaMU KUCJIOL ypeasu
MOXYTb OYTU MOJIOYHOKHUCJIi 6akTepii. [IokazaHa 30aTHICT MOJIOYHOKUCIUX 6akTepiit Lactobacillus reuteri ta
Streptococcus thermophilus 0 cunTe3y Kucsoi ypeasu, 110 poOUTH iX IepCIeKTUBHUMU MIKPOOHUMU areHTaMu y
npolecax 6ioneMmenTaii. Bupomysanns Lactobacillus reuteri npoBoauau Ha KarycTsIHOMY OYJIbHOHI.
MakcuManbHa ypeasHa akTUBHICTb 6akTepiit Lactobacillus reuteri cnocrepiranacst npu pH 5,0. [1pu npoBeieHHi
GioneMeHTalii i3 3aCTOCYBaHHSIM MOJIOYHOKUCIIMX 6akTepiil Lactobacillus reuteri micok miciisa 8 6i006po6ok MaB
BOJIONIPOHUKHICTb 6°10-5 M /c. ToMy 1ie#1 crioci6 GioLeMeHTallii MOXKJIMBO 3aCTOCYBATU JIMLIE [J1s1 YKPIIlJIEHHS
I'PYHTY ab0 J11 60pOThOM 3 TUJIOBOIO €po3ielo. MOXKINBOIO 3aMiHOIO 6aKTePialbHOI ypeazyu MoXe 6yTH ypeasa
POCJIMHHOTO NOXOAKeHHs. CKPUHIHT HACiHHS CiJIbCbKOTOCIIOLAPChKUX KYJbTYP, SKi BUPOLLYIOTHCS B YKpPaiHi,
I10Ka3aB, 10 6061 COi MOXKJIMBO BUKOPUCTOBYBATH SIK IPKEPEJsIo ypeasu /s 6ioleMeHTalil y BUTJIsli HEOUUIeHOTOo
BOJHOTO €KCTPAKTY i3 I10Pi6HEHOI Macu caMoro HaciHHs abo NPOPOLIEHOT0 NPOTAroM 24 — 48 roguH.
3acToCyBaHHS HEOUUIIEHOTO €KCTPAKTY i3 HAaCiHHSI COi 1T0Ka3ano NOoro epeKTUBHICTb IJ1s1 OCAI’)KEHHS KapOoHaTy
KaJIbLIiIO i3 CyMili po34YmHIB Kasbliiil XJIOPUAY Ta CEYOBUHY, a HOTO BUKOPUCTAHHS IIPU GioLieMeHTallil [1iCKy
IIO3BOJIVJIM 3HU3UTU MOTO BONOIIPOHUKHICTb y 6000 pasiB i OTpMMaTu 3Ha4Y€HHS, SKi BiAIIOBiIAIOTh
BOJIOIIPOHMKHOCTI ITiCKY, 6i0LIeMEHTOBAHOTO 3a JOIIOMOTOI0 TPAJMUIIITHO 3aCTOCOBYBAHMX YPe€a3a-MPOJYKyIOYNX
6akrepiit. Kio4oBsi cioBa: 6ionemeHnTauis, 6iorexHosioris, 6io6e3neka, 6akTepii, arponpoMuciosi Bigxony,
6iocuHTEe3, MeTaboJIiTH, IPUPOLOOXOPOHHA TEXHOJIOTIS, POCIMHHA ypeas3a, 0XOPOHA JOBKiJLIsL, 6i03aKyIIOPIOBaHHS
I'pyHTY, Qi3nyHi, XiMiuHi i 6i0710TTYHI METOY, YHCTI KYJIbTYPH, 6i0JIOTIYHO aKTUBHI PEYOBUHM, PiliKi KUBUJIbHI
cepenoBulia, pH, mkepesa ByrjieneBoro Ta a30THOro XuBJeHHs, Lactobacillus, MmonoyHokucsi 6akrepii, pepmeHTH,
IIPOAYLIEHT, MiKpoopraHiamu, Mikpo6HUIl cuHTe3, Bacillus, mpobioTrnyHi MikpoopraHizmu, IOKMBHE CEpeNOBUILE,
cepenoBullle poCTy, CKPUHIHT, Streptococcus thermophilus.

2. A new area of biotechnology - the use of microorganisms for the needs of construction has been successfully
developing in the world over the past 15 years. The production of biomement occupies a special place among new
building materials by and soil enhancers based on the use of urease-producing bacteria, which, in the presence of
urea and calcium ions in an alkaline medium, form insoluble calcite crystals. The advantage of biomement over
traditional cement is its low viscosity (30-300 times less than the viscosity of a cement suspension), which ensures
its ability to penetrate deeply into the pores and cracks of soil, concrete or stone (Ivanov and Stabnikov, 2017). The
use of biomement is proposed for a wide range of civil engineering applications and may be a new cost-effective
solution in environmental and construction engineering, especially in the field of geotechnical engineering. The
disadvantages of biocementation are the use of live urease-producing bacteria that are introduced into the
environment (and some biotechnologies suggest using opportunistic bacteria), the release of toxic ammonia into



the atmosphere and the possible release of ammonium ions into the ground and surface waters. It has been shown
that one of the possible ways to increase the biosafety of biocementation can be the application of acid urease
when bone meal containing calcium in the form of hydroxyapatite is used as a source of calcium. A selection of a
bacterial strain that synthesized acid urease was carried out among bacteria isolated from acidic soil. The strain
with the highest urease activity was identified by amplification and 16 rRNA gene sequencing as Staphylococcus
saprophyticus AUL. The maximum growth rate of the AU strain was 0.15 h-1, the maximum biomass accumulation
was 6.9 g/L dry biomass, and the maximum urease activity was 8.1 mM hydrolysed urea/min. The highest urease
activity in the Staphylococcus saprophyticus AU1 strain was observed in the pH range from 4.5 to 5.5, gradually
decreasing with pH increasing. To ensure the biosafety of the environment, it was proposed to use for
biocementation inactivated urease-active bacterial cells after their treatment with a 0.5% solution of sodium
dodecyl sulfate for 120 minutes. When carrying out biocementation, where bone meal containing calcium in the
form of hydroxyapatite was used as a source of calcium with a reduced amount of urea using inactivated bacterial
cells, the water permeability of biocemented sand was 2x10-5 m /s, which makes it possible to apply this type of
biocementation to strengthen the soil . in order to reduce its liquefaction, for example after an earthquake or to
control dust erosion to reduce atmospheric pollution. The main advantage of this method is the ability to reduce
the consumption of urea by 75% and thereby reduce the release of ammonium and ammonia into the environment.
In addition, the problem of bone waste disposal is solved and the cost of materials for biocementation is reduced.
Lactic acid bacteria can be completely biosafe producers of acid urease. The ability of lactic acid bacteria
Lactobacillus reuteri and Streptococcus thermophilus to synthesize urease has been shown, which makes them
promising microbial agents in biocementation processes. Lactobacillus reuteri was cultivated on cabbage broth.
The maximum urease activity of Lactobacillus reuteri bacteria was observed at pH 5.0. When carrying out
biocementation using Lactobacillus reuteri, sand after 8 biotreatments with lactic acid bacteria had a water
permeability of 6x10-5 m/s. Therefore, this method of biocementation can only be used to strengthen the soil or
to prevent dust erosion. It is possible to replace bacterial urease with plant-derived urease. Screening of seeds of
agricultural crops grown in Ukraine showed that soybeans can be used as a source of urease for biocementation in
the form of a crude aqueous extract from the crushed mass of seeds or germinated within 24-48 hours. The use of
a crude extract from soybean seeds showed its effectiveness for the precipitation of calcium carbonate from a
mixture of solutions of calcium chloride and urea, and its use in the biocementation of sand made it possible to
reduce its water permeability by 6000 times and obtain values corresponding to the seepage rates of sand
biocemented with traditionally used urease-producing bacteria. Key words: biocementation; biotechnology;
biosafety; bacteria; agro-industrial waste; biosynthesis; metabolites; environmental technology; plant urease;
environmental protection; soil biogrouting; physical, chemical and biological methods; pure cultures; biologically
active substances; liquid culture media; pH; sources of carbon and nitrogen nutrition; Lactobacillus; lactic acid
bacteria; enzymes; producer; microorganisms; microbial synthesis; Bacillus; probiotic microorganisms; nutrient
medium; growth medium; screening; Streptococcus thermophilus
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Micueanaxo,zm(efma: ByJI. Bosmogumupcska, 6yz. 68, Kuis, 01601, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI

BaacHe IlpizBume Im'st Ilo-6aTbKOBI ITupor Tersua [aByisHa
TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI Iupor TersHa [TaBniBHa
TOJIOBYIOYOTO Ha 3acCimaHHi

BignoBigasibHuUI 3a MiATOTOBKY MesnbHuk Hatastis

00JIIKOBHX JOKYMEHTIB

Peectparop YKpIHTEI

KepiBHuK Bigginy YKpIHTEI, mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




