Original article

Innov Biosyst Bioeng, 2022, vol. 6, no. 1, 25-30
doi: 10.20535/ibb.2022.6.1.253658
UDC 582.261/.279, 604, 678.5

DEVELOPMENT OF A NEW METHOD FOR OBTAINING
THE BIOPLASTICS BASED ON MICROBIAL BIOPOLYMERS AND LIGNIN

A.V. Yurchenko®", N.B. Golub %, L. Jinping?

ligor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine

2Qilu University of Technology (Shandong Academy of Sciences), Shandong, China

*Corresponding author: ang.vl.yurchenko@gmail.com

Received 11 March 2022; Accepted 6 April 2022

Background. The ever-increasing demand for plastic polymer products with simultaneous depleting fossil
fuels such as oil and natural gas, as well as the growing problem of waste disposal, creates a need to find al-
ternative technologies that meet current trends in both environmental and economic development. Bioplastic
materials that are synthesized from renewable sources and have the ability to biodegrade are considered as
such an alternative. The main obstacle of modern bioplastics which makes it impossible to completely replace
traditional plastics is the high cost of production. In order to reduce the cost of existing biopolymers, pro-
duction waste is added to the polymer matrix. One such waste is lignin — the second most common biopolymer.
An additional way to reduce the cost of production is to find more cost-effective producers. Thus, although
the classical microbial synthesis has fairly high productivity, the source of carbon for the cultivation of mi-
croorganisms are sugars obtained from agricultural raw materials which could cause a threat for food indus-
try. The new producer for production of polyhydroxyalkanoates (PHA) is cyanobacteria, the carbon source
of which is carbon (IV) oxide or gas emissions from enterprises, which reduces the cost of the target product.
Objective. Development of a method for obtaining bioplastics using products of microbial synthesis and lignin.
Methods. Cyanobacteria Nostoc commune was grown using a nutrient medium BG-11 with subsequent limi-
tation of Nitrogen for the synthesis of PHA. Hydrolyzed lignin from hardwoods was combined with polylac-
tic acid (PLA) or cyanobacteria-synthesized PHA in different ratios with further casting of the solution to
determine the ability of lignin and polymer matrix to form polymer films.

Results. The content of PHA in the cells of cyanobacteria Nostoc commune, when grown in a nutrient medi-
um limited to Nitrogen, reached 7.8%. The synthesized polymer films based on PLA and lignin were not
homogeneous, and films based on PHA and lignin were fragile.

Conclusions. The possibility of obtaining PHA by using cyanobacteria of the Nostoc commune species under
environmental conditions that differ from the optimal ones for both cultivation and PHA production is
shown. The possibility of obtaining a biopolymer based on lignin and PLA is shown. To form homogeneous
films, it is necessary to change the standard conditions for obtaining a mixture of components. The interac-
tion of lignin with PHA forms a homogeneous polymer mixture, which is fragile and requires the addition of
plasticizers to obtain the necessary properties.

Keywords: lignin; cyanobacteria; polylactic acid; polyhydroxyalkanoates; bioplastic; industrial waste; renewable
materials.

Introduction

The world's demand for plastic products is
growing every year. Natural gas and oil are used
for their production, which leads to the depletion
of their reserves and pollution of the environment
during production. The main disadvantage of plas-
tics is the long duration of their decomposition
processes in the natural environment. Therefore,
there is a need to create alternative products — bio-
plastics, the production of which would be associ-
ated with renewable raw materials and the possibil-
ity of their disposal in the wild [1]. Today, bioplas-
tics make up only a small part of the global plastic
products market, due to their high cost of $ 2 to $ 6

per kilogram, compared to the average price of tra-
ditional plastics, which cost $ 1-2 per kilogram [2].
In addition, it should be noted that not all bioplas-
tics are biodegradable or decompose rapidly under
certain conditions, which in turn does not solve
environmental problems.

The most common representative of bioplas-
tics today is polylactic acid (PLA). It is similar in
properties to polyethylene, terephthalate, and poly-
styrene [2, 3]. The monomer for the formation of
polylactate is lactic acid, which is obtained by het-
erotrophic bacteria of the genus Lactobacillus and
Sporolactobacillus [4].

Another group of bioplastics that is of com-
mercial interest — polyhydroxyalkanoates (PHA) —
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biopolymers that have the ability to biodegrade
and, moreover, the mechanical properties are not
inferior to polypropylene. The most studied among
PHA is polyhydroxybutyrate (PHB), which today
is mainly synthesized on an industrial scale by he-
terotrophic bacteria such as Cupriavidus necator,
Escherichia coli [5]. Unlike PLA, PHA polymers
are synthesized in the middle of the cell and do
not require an additional polymerization step [5].

Classical microbial synthesis has a fairly high
productivity, but the source of carbon for the culti-
vation of microorganisms are sugars obtained from
agricultural raw materials. The new producer for
PHA production is cyanobacteria, the carbon
source of which is carbon (IV) oxide or gas emis-
sions from enterprises, which reduces the cost of
the target product.

In order to increase the efficiency of PHA
synthesis by cyanobacteria, various methods are
used: limiting the nutrient medium by nitrogen,
changing the temperature, pH. The influence of
factors that affect metabolism depends on the type
and strain of cyanobacteria. Thus, the most intense
effect of nitrogen limitation was found in Calothrix
scytonemicola TISTR 8095 [6], Chlorogloea fritschii
TISTR 8527 [7], Synechocystis sp. PCC 6714 [§],
in which the content of PHB on dry cell mass
increased almost 17, 13 and 9 times relative to
cultivation under standard conditions. That is, to
increase the yield of PHB, it is necessary to create
conditions for the lack of nitrogen compounds in
the environment.

It is known that the most cyanobacteria grow
at the pH values from 7 to 9. This phenomenon
is due to the fact that such conditions increase
the efficiency of carbon uptake [9]. For Nostoc
muscorum NCCU-442 [10] the highest PHB con-
tent was observed at pH 7.5 and was 7.6%, for
Scytonema geitleri Bharadwaja [11] and Synecho-
cystis sp. PCC 6803 [12] at pH 8.5 and was 3.98
and 4.55%, respectively, and for Spirulina platensis
UMACC 159, 161, 162 [13] at pH 9.0, the PHB
content was 7.1, 10.1, and 7.8%, respectively. Thus,
for each species of microorganisms it is necessary
to maintain the pH of the environment in which
there is increased biosynthesis of PHB.

The temperature optimum for the cultivation
of cyanobacteria is in the range from 20 to 35 °C.
For PHB-producing microorganisms, the tempera-
ture optimum is 29 + 1 °C, which coincides with the
temperature optimum for PHB synthesis. Thus, for
Scytonema geitleri Bharadwaja [11] and Nostoc mus-
corum NCCU-442 [10] the highest PHB content was
observed at 30 °C and amounted to 3.18 and 7.6%,
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respectively, for Synechocystis sp. PCC 6803 [12]
temperature optimum for PHB synthesis is slightly
lower and is 28 °C with a PHB content of 4.55%.

The high cost of bioplastics production from
the products of microorganism synthesis is a sig-
nificant obstacle to their widespread distribution.
Therefore, in order to reduce costs, it is proposed
to use them in a mixture of natural biopolymers.
One of such components may be lignin a by-
product of hydrolysis of cellulose-containing raw
materials, the cost of which is 0.27 USD per kilo-
gram [14, 15]. The lignin market in 2019 was
$954.5 million. However, the processing of lignin
into useful products is only 5% of the total amount
of lignin [16, 17].

Therefore, the use of lignin as a component
of bioplastics, will simultaneously reduce the cost
of bioplastics and dispose of lignin as a waste
product.

The aim of the work is development of a
method for obtaining bioplastics using products of
microbial synthesis and lignin.

Materials and methods

Luminy brand PLA, a hydrolyzed lignin from
hardwoods. The cyanobacterium Nostoc commune
was used as a producer of PHA. To increase the
biomass of cyanobacteria, BG-11 medium was
used, followed by replacement of the medium with
BG-0 (medium limited by nitrogen) in purpose to
intensify the PHA synthesis process [18].

Cyanobacteria were grown in a 1 L photobio-
reater with the use of 2:1 red and blue LEDs as a
light source at 16:8 light cycle (light:dark).

The growth rate of cyanobacteria was observed
by varying the density of the medium with the use
of the bio ULAB 102 spectrophotometer and the
number of cells on the Countess II cell counter.

To separate the PHA, cyanobacterial cells
were filtered off and dried in an Labexpert 3050
oven (drying temperature 30 °C). Extraction was
performed using chloroform at a temperature of
60 °C in the ratio of cell mass to mass of chloro-
form 1:1 for 36 h. The hot extract was filtered off
on a vacuum filter followed by precipitation of the
polymer in two volumes of diethyl ether. The re-
sulting polymer was filtered off using filter paper
(red ribbon) and washed with acetone and diethyl
ether [19].

Before obtaining of bioplastics lignin, PHA,
and PLA was dried to constant weight in an oven.
Lignin was ground with a coffee grinder to a state
of dust.
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The selected polymer was dissolved in chloro-
form in a ratio of 1:10 for two hours, then created
mixture was homogenized using stirring with a mag-
netic mixture for 15 min, then heated to 135°C
and add lignin in the amount of 1, 10, 20, 30, and
40% in a mixture with PLA (for PHA only 10%)
of the amount of polymer. The resulting mixture
was stirred for 10 minutes. After homogenization,
the mixture was formed in Petri dishes and dried at
room temperature for 24 hours.

To conduct statistical processing and data
visualization Python's language modules Pandas,
Seaborn, Matplotlib, and NumPy were used.

Results

Growing cyanobacteria

Typically the standard growth curve corresponds
to the sigmoid shape curve that consists of four
phases: lag, log, stationary and death phases (20).
As can be seen from Fig. 1, which shows the
change in density and number of cells in the
process of growing cyanobacteria Nostoc commune,
the growth of cyanobacteria corresponds to the
standard growth curve of bacteria. The lag phase
was quite long and amounted to 13 days, the period
of exponential growth was 17 days, and steady state
was observed during the last 8 days of the expe-
riment. This long lag phase can be explained by a
change in temperature (15 +2°C), which differs
from the optimal growing temperature (252 °C)
and lighting (did not use sunlight). This choice of
LEDs is due to the absorption spectrum of chloro-
phyll and cyanobacteria. Due to the lack of yellow-
green LEDs, the use of carotenoids for photosyn-
thetic processes of cyanobacterial cells was absent.
It is the rearrangement of the photosynthetic appa-
ratus of cells that can explain the duration of the
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lag phase. Nitrogen-depleted medium was used
during the stationary growth phase. In this culti-
vation, the final PHA content was 7.8%.

The biopolymer synthesis

The biopolymer was prepared using a crushed
mixture of natural polymers (lignin and PHA or
PLA) according to the method [20]. The synthe-
sized mixture of PLA and lignin is not homogene-
ous. Lignin particles are contained in the PLA in
the form of inclusions ranging in size from 0.5 mm
to 4mm (Fig. 2). This can be explained by their
large particle size to obtain a biopolymer or the
adhesion of smaller particles during the synthesis
process. This is typical for a mixture with a lignin
content of 10 to 40%. The formed polymer films
are quite elastic and do not break during assembly,
however dents remain at the assembly site, but
when the formed film is heated with warm air, the
dents are smoothed.

During storage of the formed film for 30 days,
the appearance of brittleness of the material was
observed, which may indicate the beginning of the
process of destruction of the polymer due to the
low level of homogeneity of the polymer mixture.

In contrast to the bioplastic of lignin from
PLA in the synthesis of bioplastic from 10% lignin
and PHA, the resulting mixture had a homogeneous
composition. However, after drying, a uniform film
was not formed, there were bulges on the surface.
The polymer was brittle and under the action of
applied force disintegrated into pieces (Fig. 3).

Thus, to obtain biopolymers based on lignin
and PLA, it is necessary to change the conditions
of polymer synthesis to achieve its homogeneity. In
the case of using lignin and PHA to achieve plas-
ticity, it is necessary to use plasticizers that will
achieve plasticity in the formed polymer.
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Figure 1: Change in optical density (a) and number of cyanobacteria Nostoc commune cells (b) (cell concentration — 10° cells per ml)

with time of the cyanobacteria Nostoc commune growth
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Figure 2: PLA-lignin bioplastic with lignin content of 1, 10, 20, 30, 40% (x15) Figure 3: Bioplastic based on PHA and 10% lignin

Discussion

The results obtained in this paper are slightly
different from those shown by other studies. For
example (21), bioplastics based on PHB and lignin
(with a lignin content of 40%) had a fairly high
homogeneity, while improving the mechanical pro-
perties. This can be explained by the low lignin
content, which led to delamination between the
components of the composite, as well as the inad-
equate quality of the obtained PHA. In order to
solve the existing problem, it is necessary to study
the synthesized PHA, in order to establish qualita-
tive characteristics, as well as to change the com-
position of the composite, either by increasing the
amount of lignin or by adding compatibilizers that
will increase system homogeneity.

Bioplastics based on lignin and PLA, obtai-
ned by solution casting, confirmed the data of
works in which other methods of obtaining a
polymer mixture were used [22, 23]. This may
indicate that the method of creating a polymer
mixture has little effect on the final product, and
in order to increase the homogeneity of the mix-
ture, the addition of compatibilizers is a neces-
sary step.
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The possibility of obtaining a biopolymer based
on lignin and PLA is shown. To form homoge-
neous films, it is necessary to change the standard
conditions for obtaining a mixture of components.

The interaction of lignin with PHA forms a
homogeneous polymer mixture, which is fragile
and requires the addition of plasticizers to obtain
the necessary properties.

In order to improve the combination of lignin
and selected polymer matrices, the addition of com-
patibilizers or the use of other bioplastic synthesis
techniques will be considered in further studies.

Interest disclosure

Nataliia Golub is the member of the Editorial
Council of Innovative Biosystems and Bioengineering
and was not involved in the editorial evaluation or
decision to accept this article for publication. The
other authors have no conflicts of interest to declare.

[1]  Geyer R, Jambeck JR, Law KL. Production, use, and fate of all plastics ever made. Sci Adv. 2017;3(7):e1700782.

DOI: 10.1126/sciadv.1700782

[2] Bioplastics & Biopolymers Market Global Forecast to 2026 | MarketsandMarkets [Internet]. Marketsandmarkets.com. 2022

[cited 2021 Dec 31].

Available from: https://www.marketsandmarkets.com/Market-Reports/biopolymers-bioplastics-market-88795240.html
[3] What is PLA? (Everything You Need To Know) [Internet]. Twi-global.com. 2022 [cited 2021 Dec 31]. Available from:
https://www.twi-global.com/technical-knowledge/fags/what-is-pla



Innov Biosyst Bioeng, 2022, vol. 6, no. 1 29

(4]

[5]

6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Lopes MS, Jardini AL, Filho RM. Synthesis and characterizations of poly (lactic acid) by ring-opening polymerization for
biomedical applications. Chem Eng Trans. 2014;38:331-6. DOI: 10.3303/CET1438056

Chen GQ. A microbial polyhydroxyalkanoates (PHA) based bio- and materials industry. Chem Soc Rev. 2009;38(8):2434-46.
DOI: 10.1039/b812677¢c

Kaewbai-ngam A, Incharoensakdi A, Monshupanee T. Increased accumulation of polyhydroxybutyrate in divergent cyanobac-
teria under nutrient-deprived photoautotrophy: An efficient conversion of solar energy and carbon dioxide to polyhydroxy-
butyrate by Calothrix scytonemicola TISTR 8095. Bioresour Technol. 2016;212:342-7. DOI: 10.1016/j.biortech.2016.04.035
Monshupanee T, Nimdach P, Incharoensakdi A. Two-stage (photoautotrophy and heterotrophy) cultivation enables effi-
cient production of bioplastic poly-3-hydroxybutyrate in auto-sedimenting cyanobacterium. Sci Rep. 2016 Nov 15;6(1):37121.
DOI: 10.1038/srep37121

Kamravamanesh D, Pfligl S, Nischkauer W, Limbeck A, Lackner M, Herwig C. Photosynthetic poly-B-hydroxybutyrate
accumulation in unicellular cyanobacterium Synechocystis sp. PCC 6714. AMB Express. 2017 Dec;7(1):143.

DOI: 10.1186/s13568-017-0443-9

Price S, Kuzhiumparambil U, Pernice M, Ralph PJ. Cyanobacterial polyhydroxybutyrate for sustainable bioplastic production:
Critical review and perspectives. J Environ Chem Eng. 2020;8(4):104007. DOI: 10.1016/j.jece.2020.104007

Ansari S, Fatma T. Cyanobacterial polyhydroxybutyrate (PHB): Screening, optimization and characterization. PLoS One.
2016 Jun 30;11(6):e0158168. doi: 10.1371/journal.pone.0158168

Singh MK, Rai PK, Rai A, Singh S. Poly-B-Hydroxybutyrate production by the cyanobacterium Scytonema geitleri Bharadwaja
under varying environmental conditions. Biomolecules. 2019 May 21;9(5):198. DOI: 10.3390/biom9050198

Panda B, Jain P, Sharma L, Mallick N. Optimization of cultural and nutritional conditions for accumulation of poly-B-hydroxy-
butyrate in Synechocystis sp. PCC 6803. Bioresour Technol. 2006 Jul;97(11):1296-301. DOI: 10.1016/j.biortech.2005.05.013

Jau MH, Yew SP, Toh PSY, Chong ASC, Chu WL, Phang SM, et al. Biosynthesis and mobilization of poly(3-hydroxy-
butyrate) [P(3HB)] by Spirulina platensis. Int J Biol Macromol. 2005 Aug;36(3):144-51. DOI: 10.1016/j.ijbiomac.2005.05.002
Accelerators Lignin, Grade Standard: Industrial Grade, Rs 40 /kilogram [Internet]. indiamart.com. 2022 [cited 2021 Dec 31].
Available from: https://www.indiamart.com/proddetail/lignin-21090426788.html

Glasser WG. About making lignin great again—some lessons from the past. Front Chem. 2019 Aug 29;7:565. DOI:
10.3389/fchem.2019.00565

Lignin Market Size Growth | Global Industry Analysis Report, 2018-2025 [Internet]. Grandviewresearch.com. 2022 [cited
2021 Dec 31]. Available from: https://www.grandviewresearch.com/industry-analysis/lignin-market

Li C, Zhao X, Wang A, Huber GW, Zhang T. Catalytic transformation of lignin for the production of chemicals and fuels.
Chem Rev. 2015 Nov 11;115(21):11559-624. DOI: 10.1021/acs.chemrev.5b00155

Behle A. Recipe for standard BG-11 media [Internet]. Protocols.io. 2022 |[cited 2021 Dec 31]. Available from:
https://www.protocols.io/view/recipe-for-standard-bg- 1 1 -media-7kmhku6

Yellore V, Desai A. Production of poly-3-hydroxybutyrate from lactose and whey by Methylobacterium sp. ZP24. Lett Appl
Microbiol. 1998 Jun;26(6):391-4. DOI: 10.1046/j.1472-765x.1998.00362.x

Moghanjoghi SM, Ganjibakhsh M, Gohari NS, Izadpanah M, Rahmati H, Gorji ZE, et al. Establishment and characteriza-
tion of rough-tailed gecko original tail cells. Cytotechnology. 2018;70(5):1337-47. DOI: 10.1007/s10616-018-0223-7
Mousavioun P, Halley PJ, Doherty WOS. Thermophysical properties and rheology of PHB/lignin blends. Ind Crops Prod.
2013;50:270-5. DOI: 10.1016/j.indcrop.2013.07.026

Anwer MAS, Naguib HE, Celzard A, Fierro V. Comparison of the thermal, dynamic mechanical and morphological properties
of PLA-Lignin & PLA-Tannin particulate green composites. Compos Part B Eng. 2015;82:92-9.

DOI: 10.1016/j.compositesb.2015.08.028

Wang S, Li Y, Xiang H, Zhou Z, Chang T, Zhu M. Low cost carbon fibers from bio-renewable Lignin/Poly(lactic acid)
(PLA) blends. Compos Sci Technol. 2015;119:20-5. DOI: 10.1016/j.compscitech.2015.09.021

A.B. IOpyenko?, H.B. Mony6?, J1. LisiHbnin?

KMl im. Irops Cikopcbkoro, Kuis, YkpaiHa
2TexHonoriyHuin yHiBepeuTeT Lliny (WaHbayHcbka akagemisi Hayk), LaHbayH, Kutai

PO3POBKA HOBOI'O CMOCOBY OTPUMAHHA BIOMNTACTUKIB HA OCHOBI MIKPOBHUX BIOMOJIIMEPIB | NIFHIHY

Mpo6nematuka. [locTiliHe 3poCTaHHsi MOMWTY Ha NNacTWYHI NomMiMepHi BMPOGU 3 OAQHOYACHUM BUCHaXKEHHSIM 3anaciB BUKOMHUX
[Kepen, Takux K HadTa i NpUPOOHUMA ras, a TakoX MOCUNeHHs npobrnemu yTunisauii BigXOA4iB CTBOPKOOTb NOTPedy B MOLLYKY
anbTepHaTVBHUX TEXHOMOrIW, WO Bignosiganu 6 cy4acHNM TeHAEHLiSIM SK eKOJOrYHOro, Tak i EKOHOMIYHOrO KypCy CBITOBOrO PO3BUTY.
Ak Taka anbTepHaTMBa po3rnsAaloTbCs GionnacTuyHi MaTepiany, WO CUHTE3YITbCA 3 MOHOBIIOBAHWX MKepen i MaloTb 34aTHICTb A0



30 Innov Biosyst Bioeng, 2022, vol. 6, no. 1

Gioposknagy. OcHoBHa nepenoHa cydacHux GionnacTukiB, siki YHEMOXIMBIIOKOTE MOBHY 3aMiHy TpaauuiiHUX nnacTMac, — BUCOKa
BapTiCTb BUpPOGHULTBA. 3 METOI 3HWKEeHHs1 cobiBapToCTi icHytoumx Giononimepie Ao cknagy noniMepHOi MaTpuvui AoAaloTb Bigxoaw
BMPOGHMUTBA. OAHMM i3 TakvX BiAXOAIB € MirHiH — Apyrvin HannowmpeHiwui Giononimep. [JloaaTKoBUM LUMSIXOM 3HUXKEHHS COBIBapTOCTi
BMPOOHMLUTBA € NowyK Binbly €eKOHOMIYHO BMWFiAHWX NPOAYUEHTIB. Tak, KNnacu4HWM MIKPOOHUIA CUHTE3 XO4 i Mae [OCWUTb BUCOKY
NPOAYKTUBHICTb, ane xepenoM kapboHy Ons BMPOLLYBaHHS MIKPOOPraHi3amMiB € LyKpu, siKi OTPUMYIOTb i3 CinbCbKOrocnoaapChKoi
cvpoBYHW. HoBMM npogyueHTOM Ans odepaHHsa nonirigpokcuankanoaty (MIFA) e uiaHobakTepii, mxepenom kapboHy Ons sKkux €
kap6oH (IV) okcma abo rasosi BUKMAM NiANPUEMCTB, LLO 3HIKYE COBIBapTICTb LiNIbOBOr0O NPOAYKTY.

MeTta. Po3pobka meToay oTpumaHHsi 6ionnacTuky 3a BUKOPUCTaHHS NPOAYKTIB MIKPOBHOIO CUHTE3Y Ta MirHiHy.

MeToauka peanisauii. LliaHob6akTepii Nostoc commune BupoLllyBanu Npu BUKOPWUCTaHHI XUBUIMbHOrO cepefosuwa BG-11 i3
noganbluMM MiMITYBaHHAM 3a HiTporeHom 3 meTtoto cuHtedy [MIA. TigponisHui nirHiH i3 TBepanx nopia AepesB NoegHysBanu 3
noninaktugom (MJ1A) abo cuHTesoBaHuUM uiaHobakTepismu A B pi3HWX CNIBBIAHOLWEHHSX METOAOM NUTTSI PO34YMHY 3 MEeTo
BUSIBNEHHS 30aTHOCTI NirHiHY Ta nomniMepHoi MaTpuui yTBOPOBaTH NMoniMepHi MNiBKu.

Pesynbtatu. Bmict MIFA y knitnHax uiaHobakTepii Nostoc commune npu BUPOLLYBaHHi Y XMBUIMbHOMY CepefoBuLLI, NiMITOBaHOMY 3a
HiTporeHom, pocsar 7,8 %. CuHTe3oBaHi nonimepHi mniBkn Ha ocHoBi MNJIA Ta nirHiHy He Oynu romoreHHMmK, a Ha ocHosi IMTA €
KPUXKUMMU.

BucHoBku. NMokasaHo MoxnueicTb oTpumaTu NMIFA 3a BukopucTaHHA uiaHobakTepi Bugy NOStoc commune 3a yMOB HaBKOMULLHBOTO
cepefoBuLLa, WO BiAPI3HATECA Bid ONTUMArbHUX SK ANS BUPOLLYBAHHS KynbTypw, Tak i Ana otpumanHs MIA. MNMokaszaHo MOXNIuMBICTb
oTpumatu Biononimep Ha ocHoBi NirHiHy Ta MNA. [Ina yTBOPEHHS rOMOreHHNX NNiBoK HEOOXiAHO 3MIHUTW CTaHA4aPTHI YMOBW OTPUMAaHHS
CyMmili KOMMNoHeHTiB. INpwu B3aemogii nirHiHy 3 MNMIA yTBOPIOETLCA rOMOreHHa nofniMepHa CyMill, sika € KpUXKOto i noTpebye ansa HabyTTs
HeobXiQHMX BNacTMBOCTEN AOAaBaHHS nractTudikaTopis.

Knro4oBi cnoBa: nirHi; LiaHobakTepii; noninaktug; nonirigpokcunankaHoart; 6ionnacTvk; NpoMUCIOBI Bigxoau; BigHOBMOBaHI MaTepianu.



