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AHHOTAUA
B cratpe paccMOTpeHBI IpenMyIIIECTBa MCIIOIB30BaHNS PACTBOpa OUKapOOHATa HATPUA U KOPPEKTHPOBKU
BOJIOPOJTHOTO TIOKa3aTellsl PU KyJbTUBUPOBAHUU KIIOCTPUIUI B aHadpoOHOM Omopeaktope oO0mEMOM 250 i
nponsBojcTBa kommannn OO0 «BMOTEXHO» B ycioBusix oTcyTcTBHS KUCIOpoaa. B xauecTBe nccienosa-
TEIIbCKOM MOJICNU MpUMEHsIIach KyibTypa C. fefani. ABTOPBI pacCMaTpyuBatOT METOJIbI PEryJIUPOBKU BOJOPOIHOTO
MOKA3aTeNsl MATATENFHON Cpe/bl Ha MPOTHKEHNH BCETO TIEPHO/Ia NCCIEAO0BAHMS, SKCIIEPUMEHTAIRHO TTOIOMPAIOT
ONITHMAITFHYIO KOHIIGHTPAIIMIO pacTBopa OmkapOoOHaTa HATpHsl, aHAIM3UPYIOT OCOOEHHOCTH IIpoIlecca pocTa
KyJIBTYpHI IPH U3MEHEHNH pH, sKCcreprMeHTaIbHBIM ITyTeM MOJOMPAIOT ONTUMAIBHYIO KOHIIEHTPALHIO PacTBOPA.

[omydenHbIe pe3ynbTaThl TIO3BOJFUIH OMPEACTUTD PaboUuyi0 KOHIIEHTPAIUIO KOPPEKTHPYIOIIET0 pacTBopa
JUTsl 0OeCTIeueHrs TOCTATOYHOTO BBIXO/Ia TOKCHHA M TTOCIIEMYIOMIErO Mepexo/ia ero B aHATOKCHH C COXpPaHEHHEM
BBICOKOM aKTHBHOCTH TPOAYKTA.

ABTOpBI PEKOMEHYIOT B IIPOLIECcCe KyJIFTUBUPOBAHISI KOPPEKTUPOBKY pH cpebl mpoBoauTS ¢ moMompio 15%
pacTBOpa OukapOOHaTa HAaTPHs, TaHHAS KOHIIEHTPAIMS KOPPEKTUPYIOMIEr0 pacTBOpa ONTUMATbHA JUTS UCIIONB30-
BaHWS U TIPEITIoIaraeTcs Il JaTbHEHIIero 3aKperuieHns B mporpamme. [ [pumeHenre pacTBOPOB ¢ KOHIIEHTpaIei
7-10% okazpIBaI0 HE3HAYHTENHFHOE BIHMSHIE Ha CMEIIEHHE BOJOPOIHOTO [TOKA3aTeNs, IPH HU3KON KOHIIEHTPALH
(bukcrpoBasicst GONBIION pacXo/1 pacTBOPa, YTO 3HAYMTEIIFHO CHIDKAJIO COCTAB CPEJIbI, 3aMEISIIO POCT KIIOCTPH AN
Y BBIIaBAJI0 MIHUMAJIbHBIE TUTPHI TOKCHHA. HampoTHB, pacTBOpPBI BEICOKOM KOHIIEHTpAIMK OMKapOOHaTa HAaTpHs
(20% wu BBIIIE) MPOSBISUTN HECTAOMIIBHOCTh TPH MPHUTOTOBJICHUH, YTO BHU3YaAIN3HUPOBATOCH BBHIMAJICHHEM KpHC-
TaJIOB Ha JHE K010kl Ha rpaduke aBTOpHI HArMISITHO TTIOKA3bIBAIOT pa3MEIICHHE TOUEK TIOAaYH PacTBopa Oukap0o-
HaTa HaTPUS B 3aBHCHMOCTH OT BapbHPOBAHHs BOJOPOIHOTO TOKa3aTelsl KyJIbTYPaTbHON KHUIAKOCTH TI0 CYyTKam
pocTa GaKTepun.

BoixoaHble JaHHBbIE 1JI5 HUTHPOBAHHUA PYCCKOA3IBIYHOI MEYATHOW BEPCHH CTATHH:

bpumas A.b., Mensank H.B., bense H.M., [orocs 3.K., Mensauk P.H. IIprvenenne OnkapOoHaTa HaTpus
JUTSL KOPPEKTUPOBKH BOAOPOIHOTO TIOKA3aTelsl P KyIbTHBAPOBAHNH KIIOCTPHIHMI B aHAIPOOHOM OHOpeaKTope.
bymneposckue coobuenus. 2026. T.85. Ne2. C.105-110. DOI: 10.37952/ROI-jbc-01/26-85-2-105

BbixoaHble JaHHBIE 1J18 WHTHPOBAHUS PYCCKOSI3IYHOI 3JIeKTPOHHOI BepCHM CTATHH:

Bpunns A.b., Mensauk H.B., bensies H.M., Ilorocsn 2.K., Menbhuk P.H. [Ipumenenne 6nkapOonara HaTpust

JUIsL KOPPEKTUPOBKU BOAOPOIHOTO TIOKa3aTeIs PH KyJIbTUBUPOBAHUHM KIOCTPUANI B aHa3POOHOM OHOpeaKTope.
bymneposckue coobwenus C. 2026. T.12. Nel. 1d.13. DOI: 10.37952/ROI-jbc-01/26-85-2-105/ROI-jbc-
RC/26-12-1-13

The output for citing the English online version of the article:

Alevtina B. Bridnya, Nikolay V. Melnik, Nikita M. Belyaev, Edmond K. Pogosyan, Roman N. Melnik.
Application of sodium bicarbonate to adjust the pH during the cultivation of Clostridium in an anaerobic bioreactor.
Butlerov Communications C. 2026. Vol.12. No.1. 1d.13. DOI: 10.37952/ROI-jbc-01/26-85-2-105/ROI-jbc-
C/26-12-1-13

r. Kazanp. Pecniy6nmka Tarapcran. Poceus. © bymaepoeckue coobwenus. 2026. T.85. Ne2. 105




IToaHast ucciieaoBaTEIbLCKANA Hyﬁ.lII/IKaIII/Iﬂ bpunns A.b., Mensauk H.B., bensies H.M.,
Tlorocsa O.K., Menbank P.H.

Jluteparypa

[1] Aneummna E.C., Ipo3nosa E.A., Pomanenko A.H. KynsTuBupoBanue MUKpOOPraHU3MOB KaKk OCHOBA
OMOTEXHOIOIHYECKOT0 Mporecca: ydeoHoe nocodre OpeHOyprekuii Tocy1apCTBEHHBIN YHUBEPCHTET.
Openbype: OO0 UIIK « Ynusepcumemy. 2017. 192¢. [E.S. Aleshina, E.A.N. Drozdova, A.N. Romanenko.
Cultivation of microorganisms as the basis of the biotechnological process: a textbook by Orenburg State
University. Orenburg: LLC IPC "University". 2017. 192p. (Russian)]

[2] Apremenxo B.JI., UBanosa JL.I'., Henarme B.I1. u ap. Mcnonp3oBanue 3KCIIEpUMEHTATBHO-aHATUTHYECKOTO
MeToza TSl OANAaHCUPOBKH KUAKUX MUTATENBHBIX CPel ISl POCTa U TOKCHHOOOPa30BaHMsI KIIOCTPU/IHI.
JKypH. muxpoduonocuu, snudemuonocuu u ummyroouonoeuu. 1985. Nell. C.37-41. [V.D. Artemenko,

L.G. Ivanova, V.P. Nenashev, et al. Use of the experimental-analytical method for balancing liquid nutrient
media for the growth and toxin formation of clostridia. Journal of Microbiology, Epidemiology, and
Immunobiology. 1985. No.11. P.37-41. (Russian)]

[3] Bopobber A.A., 3p101H B.A., Koprees B.C. AnnaparypHO-TeXHOJIOTHYECKast CXeMa U3rOTOBIICHUSI
AQHATOKCHHOB aHAPOOHBIX BO3OYIUTENEH. Te3uchl O0KIA008 MEXCUHCIUMYMCKOU KOHEpeHyuu no
sonpocam cheyughuieckol npogunaxmuxu uHgexyuonuvlx 3abonesanuil. Mockea. 1962. 96¢. C.29-31.
[A.A. Vorobyov, V.A. Zybin, V.S. Korneev. Hardware and technological scheme of manufacture of anatoxins
of anaerobic pathogens. Abstracts of reports of the inter-institutional conference on the issues of specific
prevention of infectious diseases. Moscow. 1962. 96p. P.29-31. (Russian)]

[4] T'punb C.A. CoBpeMeHHbIC OMOTEXHOIOTHUECKUE MTPOIIECCH U IMMYHOJIOTHYECKUE METOIBI TIPH
MPOMBIIIUIEHHOM MPOW3BOJICTBE BETEPHHAPHBIX MPENapaToB. Agmopegpepam duccepmayuu Ha COUCKaHue
3ganust 0.0.1., L]enxoso. 2008. S1c. [S.A. Grin. Modern biotechnological processes and immunological
methods in the industrial production of veterinary drugs. PhAD Thesis in Biological Sciences, Shchelkovo.
2008. 51p. (Russian)]

[S] Enunos H.IT. OcHoBsl Orotrexuosiorun. Canxm-Ilemepoype: Hayxka. 1995. 600c. [N.P. Elinov. Fundamentals
of biotechnology. St. Petersburg.: Nauka. 1995. 600p. (Russian)]

[6] Kpacuononsckuii FO.M., Bopiesckas M. ®dapmarieBTrueckas 0MoTexHomorus. TexHoIorus
MIPOM3BOJICTBA IMMYHOOHOJIOTHYECKIX TIPEapaToB, yuebHoe TI0coOne sl CTYIAEHTOB. Xapvkog: HTY,
«XTIH». 2009. 352¢. [Yu.M. Krasnopolsky, M.I. Borshchevskaya. Pharmaceutical biotechnology. Technology
of production of immunobiological preparations, textbook for students. Kharkiv: NTU, "KhPI". 2009. 352p.
(Russian)]

[7] AxryanbpHBIC BOIIPOCH UMMYHOITPO(MIIIAKTHKI BUPYCHBIX U OaKTepHATBHBIX HHEKIMNA: Mamepuaist
Bcecoroznoii nayunoti kongepenyuu. Tomex. 1981. 232c¢. [Actual issues of immunoprophylaxis of viral and
bacterial infections. Materials of the All-Union Scientific Conference. Tomsk. 1981. 232p. (Russian)]

[8] Kypc mexmii. CriocoOsI oMydeHus SHEprun OaKkTeprsIMu. MeTo bl KyTbTHBUPOBAHISI aHAIPOOOB.
Cmaspononvckuii cocyoapcmeennvii meouyunckuil yrugepcumem. 2011. C.10-11. [Lecture course. Methods
of obtaining energy by bacteria. Methods of anaerobic cultivation. Stavropol State Medical University. 2011.
P.10-11. (Russian)]

[9] Jlexmms mo kypcy buorexHonorus. TexHoI0THS MPOMBIIIIEHHOTO KYJIFTHBUPOBAHMS aHAPOOHBIX
MUKpPOOPTaHU3MOB. Poccutickuti Xumuko-mexnono2uyeckuil uncmumym umenu /.M. Menoeneesa. Mocksa.
2017. 116c. [Lecture on the course Biotechnology. Technology of industrial cultivation of anaerobic
microorganisms. Mendeleev Russian University of Chemical Technology. Moscow. 2017. 116p. (Russian)]

[10] Packun B.M., I'ommmvi B.K. 3aBucumocts TokcnaO00pazoBanus C. fetani OT COCTaBa MATATEIBHON CPEIbI.
KypHan mukpobuonozuu, snudemuonocuu u ummynoouonrozuu. 1973. Nel1. C.145-146. [B.M. Raskin,

V.K. Golshmid. Dependence of toxin formation by C. tefani on the composition of the nutrient medium.
Journal of Microbiology, Epidemiology, and Immunobiology. 1973. No.11. P.145-146. (Russian)]

[11] CamukoBa A.A. buoTexHONMOTHs MPON3BOACTBA aHATOKCHHOB. Mamepuanst XV Meswcdynapooroti
cmyOdenueckoll HayuHou KoHgepenyuu « Cmyoenueckui Hayunolil popymy. Mockea. 13 ampernst 2023.
https://scienceforum.ru/2023/article/2018032502 [A.A. Samikova. Biotechnology of anatoxin production.
Materials of the XV International Student Scientific Conference "Student Scientific Forum". Moscow. April 13,
2023. https://scienceforum.ru/2023/article/2018032502 (Russian)]

[12] Alevtina B. Bridnya, Nikolay V. Melnik, Nikita M. Belyaev, Edmond K. Pogosyan, Roman N. Melnik.
Application of sodium bicarbonate to adjust the pH during the cultivation of Clostridium in an anaerobic
bioreactor. Butlerov Communications C. 2026. Vol.12. No.1. Id.13. DOI: 10.37952/ROI-jbc-01/26-85-2-
105/ROI-jbc-C/26-12-1-13

[13] bpumns A.b., Mensauk H.B., bensies H.M., [lorocsa O.K., Menbnuk P.H. [Tpumenenne OnkapOoHara
HaTpusl 11 KOPPEKTUPOBKU BOJOPOJHOIO [TOKA3aTeN sl IPH KYJIbTHUBUPOBAHUH KJIOCTPUINHA B aHa3POOHOM
ouopeakrope. bymueposckue cooowerus C. 2026. T.12. Nel. 1d.13. DOL: 10.37952/ROI-jbc-01/26-85-2-
105/ROI-jbc-RC/26-12-1-13

106 https://butlerov.com/ © Butlerov Communications C. 2026. Vol.12. No.1. 1d.13.




TTPUMEHEHUE BUKAPBEOHATA HATPHA J[JII KOPPEKTHUPOBKH BOJOPOIIHOI O [IOKA3ATEJIA ... 105-110

English version of the article have been published in the international edition of the journal

Butlerov Communications C
Advances in Biochemistry & Technologies

The Reference Object Identifier — ROL: jbc-C/26-12-1-13
The Digital Object Identifier — DOIL: 10.37952/ROI-jbc-01/26-85-2-105/ROI-jbc-C/26-12-1-13

Application of sodium bicarbonate to adjust the pH during
the cultivation of Clostridium in an anaerobic bioreactor

Alevtina B. Bridnya,'** Nikolay V. Melnik,' Nikita M. Belyaev,’
Edmond K. Pogosyan,> Roman N. Melnik'
" All-Russian Research Technological Institute of Biological Industry. Pos. Biokombinata, 17.
Losino-Petrovsky. Urban District, 141142. Moscow Region. Russia.
Phone/fax: +7 (496) 567-32-63. E-mail: vnitibp@mail.ru ; bridnyaalevtina@yandex.ru
2 BIO-TECHNO LLC. Dnepropetrovskaya St., 3, Building 5, Floor 1, Room III, Room 6, Office 6-5.
Moscow, 117525. Russia. Phone/Fax: +7 (495) 183 09-51. E-mail: calltouch+101622032@biotechno.ru

*Supervising author; *Corresponding author
Keywords: Clostridia, hydrogen index, sodium bicarbonate solution, nutrient medium,
anaerobic bioreactor.

Abstract
The article discusses the advantages of using sodium bicarbonate solution to adjust the pH during the cultivation
of Clostridium in a 250-liter anaerobic bioreactor manufactured by BIOTECHNOLOGY LLC in the absence of
oxygen. The C. tetani culture was used as a research model. The authors consider methods of adjusting the
hydrogen index of the nutrient medium throughout the entire period of the study, experimentally select the
optimal concentration of sodium bicarbonate solution, analyze the features of the culture growth process at
changing pH, experimentally select the optimal concentration of the solution.

The obtained results allowed to determine the working concentration of the corrective solution to ensure
sufficient output of the toxin and its subsequent transition into an anatoxin with maintaining high activity of the
product. The authors recommend that during the cultivation process, the pH of the medium should be adjusted
using a 15% solution of sodium bicarbonate. This concentration of the adjusting solution is optimal for use and
is expected to be further incorporated into the program. The use of solutions with a concentration of 7-10% had
a minor effect on the pH shift, and at low concentrations, a high consumption of the solution was observed,
which significantly reduced the composition of the medium, slowed down the growth of Clostridium, and
resulted in minimal toxin titers. On the contrary, solutions of high concentrations of sodium bicarbonate (20%
and higher) showed instability during preparation, which was visualized by the precipitation of crystals at the
bottom of the flask. In the graph, the authors clearly show the placement of the sodium bicarbonate solution
supply points, depending on the variation in the pH of the culture fluid over the course of bacterial growth.
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