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Abstract 
In this work the possibility of immobilized lactic acid bacteria cells use for lactic acid production was 

studied. Biocatalytic systems based on Lactobacillus paracasei cells embedded in the matrix of the gel-carrier 
were examined. Polymers of natural and synthetic origin such as calcium alginate hydrogel, polyvinyl alcohol 
cryogel and cross linked hydrogel of polyvinyl alcohol modified with glycidyl methacrylate were used as gel-
carriers. For the carriers and obtained biocatalyst granules we defined mechanical strength, stability in lactic 
acid salts solutions, cell binding and retention strength, catalytical activity. Immobilization in calcium alginate 
gel does not have stressing impact on cells, cell activity does not decrease after immobilization. The gel 
matrix is destructed with the increase of lactic acid concentration due to Ca2+ ions elution and binding. Thus, 
the application of this method is limited by low lactic acid concentrations. For the biocatalyst based on cells 
embedded in polyvinyl alcohol cryogel we stated that immobilized culture activity decreases as compared to 
free cells activity, but it was partially recovered during the incubation of granules in the nutrient medium, rich 
with growth factors. Significant elution of cells from the gel was observed in durable process. The gel of 
modified polyvinyl alcohol showed better biomass retention but the biomass activity decrease after 
polymerization of the modified polyvinyl alcohol was observed. The obtained results testify that it is possible 
to use the microorganism cells immobilized in polymer gels for lactic acid production though it is necessary to 
minimize the decrease of cells activity in course of immobilization to increase the process efficiency. 

 
References 
[1] J. Ren (ed.). Biodegradable poly (lactic acid): synthesis, modification, processing and applications. 

Springer Science & Business Media. 2011. 302p. 
[2] R.A. Auras, L-T. Lim, S.E.M. Selke, H. Tsuji (eds.). Poly (lactic acid): synthesis, structures, properties, 

processing, and applications. John Wiley & Sons. 2010. 528p. 
[3] V.A. Demakov, Yu.T. Maksimova, A.Yu. Maksimov. Immobilization of cells of microorganisms: 

biotechnological aspects. Biotekhnol. 2008. No.2. P.30-39. (russian) 
[4] A.P. Sinicyn, E.I. Rajnina, V.I. Lozinskij, S.D. Spasov. Immobilized cells of microorganisms. Мoscow: 

Izd-vo MGU. 1994. 288p. (russian) 
[5] Ya. Halgash. Biocatalysts in organic synthesis: translation from Slovak. Мoscow: Mir. 1991. 204p. 

(russian) 
[6] V.M. Yurin, T.I. Ditchenko, O.V. Molchan, S.N. Romashko. Regulatory effects of polysaccharide carriers 

in the secondary metabolites synthesis in immobilized plant cells. Trudy BGU. 2009. Vol.4. P.211-218. 
(russian) 

[7] V. Pradeep, U.M. Subbaiah. Use of Ca-alginate immobilized Pseudomonas aeruginosa. Biotechnol. 2016. 
Vol.6. No.2. P.1-13. 

[8] M. Cardenas‐Fernandez, W. Neto, C. Lopez, G. Alvaro, P. Tufvesson, J.M. Woodley. Immobilization of 
Escherichia coli containing ω‐transaminase activity in LentiKats. Biotechnol. Progress. 2012. Vol.28. 
No.3. P.693-698. 

[9] Z. Yang. Immobilization of Enterococcus faecalis cells with chitosan: A new process for the industrial 
production of L-citrulline. Process Biochem. 2015. Vol.50. No.7. P.1056-1060. 

[10] E.V. Kryakunova, A.V. Kanarskij. Immobilization of microorganisms and enzymes. Vest. Kazan. 
Tekhnol. Un. 2012. Vol.15. No.17. P.189-194. (russian) 



Full Paper ________________ M.D. Shustov, Yu.S. Galeeva, A.A. Artyuhov, A.E. Kuznetsov, and A.V. Beloded 

 10 ________________ http://butlerov.com/ ______________ ©Butlerov Communications. 2017. Vol.50. No.5. P.9-18.  

[11] P. Sriamornsak. Preliminary investigation of some polysaccharides as a carrier for cell entrapment. Eur. 
J. Pharm. Biopharm. 1998. Vol.46. No.2. P.233-236. 

[12] V.A. Veshnyakov, Yu.G. Habarov, N.D. Kamakina. Comparison of methods for the determination of 
reducing substances: the method of Bertrand, ebulliostatical and photometric methods. Him. Rast. 
Syr'ya. 2008. No.4. P.47-50. (russian) 

[13] A.P. Kreshkov. Fundamentals of analytical chemistry. Volume 2. The theoretical foundations. 
Quantitative analysis. Moscow: Himiya. 1971. 456p. (russian) 

[14] A.V. Kolaeva, I.V. Gusev, M.I. Valueva, A.A. Fenin, T.S. Hlystova, T.S. Byrkina, N.D. Oltarzhevskaia. 
Development of sterilization technology of hydrogel medical materials based on sodium alginate. 
Butlerov Communications. 2014. Vol.38. No.4. P.73-78. ROI: jbc-02/14-38-4-73 

[15] K.I. Draget, G. Skjak-Bræk, O. Smidsrod. Alginate based new materials. Int. J. Biol. Macromol. 1997. 
Vol.21. No.1. P.47-55. 

[16] M.E. Rozenberg. Polymers based on vinyl acetate. Leningrad: Himiya. 1983. 176p. (russian) 
[17] E.N. Efremenko, O.V. Spiricheva, D.V. Veremeenko, A.V. Baibak, V.I. Lozinsky. L (+)‐Lactic acid 

production using poly (vinyl alcohol)‐cryogel‐entrapped Rhizopus oryzae fungal cells. J. Chem. 
Technol. Biotechnol. 2006. Vol.81. No.4. P.519-522. 

[18] A.A. Morgacheva, A.A. Artyukhov, M.G. Gordienko, M.I. Shtil'man, Y.O. Mezhuev, A.V. Panov. 
Synthesis of polyvinyl alcohol with methacrylate groups and of hydrogels based on it. Russian J. Appl. 
Chem. 2015. Vol.88. No.4. P.617-621. 


