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Study of the influence of Medusomyces gisevii Sa-12
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Abstract: Bacterial cellulose (BC) consists in a highly crystalline nanopolymer whose potential for application
in both traditional and new industries is significant due to its unique physico-mechanical properties. In scaled
BC biosynthesis processes, the use of microorganism consortia characterised by their adaptability and
synergistic effects when coordinating substrate consumption appears to be promising. In the present work, the
effect of inoculum dosage on BC yield during Medusomyces gisevii Sa-12 symbiotic culture on a glucose
medium under optimal conditions is studied in detail. Two available methods were chosen for quality control of
the BC: scanning electron microscopy, presenting an express method for confirming the origin of cellulose;
and the degree of polymerisation in terms of a common method for controlling the quality of cellulose. Four
experiments were carried out for the producer introduction with a dosage of 5, 10, 15 and 20% vol.. Use of the
Medusomyces gisevii Sa-12 symbiotic culture provided the greatest number of acetic acid bacteria and the
highest BC yield (7.5—-8.0%) with an inoculum dosage of 10-20% vol. At the same time, an inoculum dosage
of 20% vol. allowed the culture time to be halved, while an inoculum dosage of 5% vol. appears to be
insufficient. All inoculum dosage variants were determined to provide the same three-dimensional cross-linked
microfibrillar structure of BC samples. The degree of polymerisation (DP) of BC samples was first established
to depend on the dosage of the inoculum and the duration of BC biosynthesis. Thus, the biosynthesis process
can be controlled using such a simple parameter as inoculum dosage and BCs can be synthesised
directionally with a given DP. The inoculum dosage of 10% vol. was established as providing the highest
possible DP of BC (value of 5000), decreasing slightly during prolonged culture.
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MCC.ﬂe,D,OBaHMe BITNAHNA OO3NPOBKN MHOKYINATA
Medusomyces gisevii Sa-12 Ha BbIXxoa, U CTeneHb
nonavMmepuiaumun 6aKTepMan bHOU LUeNnnrIo3bl

© E.A. Cknba, O.B. banbakosa, E.K. lmagbiwesa, B.B. Bynaesa

WHcTuTyT Nnpobnem xnuMmumko-aHepretudeckmx TexHonorun CO PAH, r. Buiick, Poccuiickas denepauus
Pe3rome: bakmepuarnsHas yennorno3sa (bL]) sensgemcs ebiCOKOKpUCManiu4eckum HaHoMoIuUMepOM C YHUKalb-
HbIMU (OU3UKO-MeXaHU4YeCKuUMU ceolicmaamu, rnoamomy obradaem rnpesocxo0HbIM MOMeHUUanoMm rMpuUMeHeHUs
Kak 8 mpalUyuUOHHbIX, MaKk U 8 HOo8bIx ompacssx. B macuwimabupogaHHbix rpouyeccax buocuHmesa bL|

repcrnekmueHo fMpuMeHeHUe KOHCOPUUYMO8 MUKPOOP2aHU3MO8, Xxapakmepu3yroujuxcsi adanmueHocmsto U obna-
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Qarowux cuHepeemuveckuMu 3ghghekmamu 8 KOoOpOUHUpyrwem nompebrneHuu cybcmpama, Mo3moMmy 8
OaHHoUl pabome ucrnionb3yemcs cumbuomuydeckas Kynbmypa Medusomyces gisevii Sa-12. B pabome nodpobHo
uccnedyemcs ernusiHue O03UPOBKU UHOKynsima Ha ebixod BL| npu KynbmueuposaHuu Ha 2rKo3HoU cpede 8
onmumarbHbIX ycrnosusix. [ns kKoHmpornsi kadecmea bL| enibpaHo 0sa docmyriHbix memoda: pacmposasi
3M1eKMPOHHasi MUKPOCKOIUS, Komopasi S18/151emcsi 3KCrpecc-mMmemo0oM rnodmeepKOeHusi MpoUCXOXOeHUsT uer-
T07103b1 U CmMeneHb nofuMepu3ayuu, Kak pacrnpocmpaHEéHHbIU MemoO KOHMPOIsS Kadyecmsa Uessornosbi.
lNposedeHo yembipe akcrnepumeHma ¢ eHeceHuem npodyueHma ¢ dosuposkol 5% 06., 10% 06., 15% 06. u
20% 06. BbisieieHo 4mo, npu ucnonb3oeaHUu cumbuomudeckol Kynbmypbl Medusomyces gisevii Sa-12
Haubosbwasi YUCIIEHHOCMb YKCYCHOKUCTbIX 6akmepul u Haubornbwul 8bixo0 BL| (7,5-8,0%) obecrieuusatomcs
nipu do3uposke uHokynsama 10-20% o6. lNpu amom do3uposka uHokynsima 20% 06. no3gossem CoKpamumb
rpodormKumenibHoCMb KyrbmueuposaHusi edsoe. [Jo3uposka uHokynsima 5% o06. sensemcs HedocmamoYHOU.
lNoka3aHo, Ymo ece eapuaHmbl 003UPOBKU UHOKyrissma obecriequsarom oOUHaKogoe mpexmepHoe cem4yamoe
MukpogubpunnspHoe cmpoeHue obpa3syos bL|. Briepesie ycmaHoerneHo, 4mo cmerneHb nonumepusauyuu (Crl)
o0bpasuyoes BbL| 3agucum om do3upoeKku UHOKynsama u npodomkumernsHocmu 6uocuHimesa bL|. Takum obpasom,
C MOMOWbI0 NMPOCMO20 rnapamempa — 003UPOBKU UHOKY/ISMa — MOXHO yrpasssimb rnpouyeccom buocuHmesa u
HarnpaesneHHo cuHmesuposamb bL| ¢ 3adaHHol CIll. YcmaHosreHo, ymo do3uposka uHokynsma 10% o6.,
obecrieyusaem rnoriy4eHuUe MmakcumarbHO ebicokol CIT Bl — 5000, komopasi rnpu OnumesibHOM Kyrbmu-
8UPOBaHUU CHUXaemcsi He3Ha4yumeJsibHO.

Knroyeeblie cnoea: [o3vnpoBka WHokynaTta, Medusomyces gisevii Sa-12, ©uocuHTes, GakTepuanbHas
Lenntornosa, Bbixod, cTeneHb NonMMepusanmm
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INTRODUCTION

Bacterial cellulose (BC) manifests itself as a
unique polymer having a three-dimensional cross-
linked structure formed by pure cellulose nanofibers
synthesised by microorganisms. Compared with
plant cellulose, BC is characterised by its chemical
purity, porosity, higher degree of crystallinity and
polymerisation, as well as high moisture retaining
ability. In addition, BC is a biodegradable, biocom-
patible and non-toxic biopolymer having unique
physical and mechanical properties, such as extra-
ordinary mechanical strength, permeability to
liquids and gases, flexibility and formability [1]. The
combination of these properties determines an
extremely wide range of BC applications: these
include pulp and paper and textile industries, food
industry, cosmetology, pharmaceuticals, biomedicine
and innovative engineering materials (diaphragms
for acoustic systems, flexible touch displays,
electrically conductive nanocomposite membranes,
etc.) [2-5].

The potential widespread use of BC is hindered
by its high cost, due to the low yield determined by
the characteristics of the metabolism of cellulose-
synthesising bacteria. Therefore, studies aimed at
increasing the yield of BC are relevant. These include
screening of carbon sources, nitrogen and stimu-
lating additives, optimisation of the composition of
nutrient media, a detailed study of culture condi-

tions, innovative engineering support of the biosyn-
thesis process and the search for new producers
and their gene modifications [1, 2, 6].

Medusomyces gisevii Sa-12 symbiotic culture
is used in this study. This culture can be termed
“underestimated”, since, although it has often been
used as a source for isolating individual strains of
cellulose-synthesising bacteria [1-7], it has rarely
been used as an independent producer [2, 8-10].
This is associated with an obvious fact: in the
microorganism community, part of the substrate is
spent on the vital activity of non-target microorga-
nisms and the biosynthesis of their metabolites.
However, there have been several reports con-
cerning the difficulties of scaling the BC biosyn-
thesis process and modifying it for use in complex
industrial environments using individual genetically
modified strains and the consortia advantages.
The latter include adaptability and synergistic
effects in coordinating substrate consumption in
consortia, which provides their adaptation to chan-
ging environmental conditions during biosynthesis
and maintenance of the process productivity at a
high level [1, 2, 11].

The main parameters of the Medusomyces
gisevii Sa-12 culture on glucose media were descri-
bed by us in [9]. However, such an important
parameter as the inoculum dosage remained
unexplored. BC synthesis is known to be stimulated
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when the cell count increases and the cells go into a
quorum-sensing state [12, 13]. In order to avoid
reverse inhibition, it is necessary to ensure the stable
functioning of highly concentrated populations. A
possible solution to this problem is proposed in the
form of slow growing or non-growing cell populations,
which is achieved by immobilising producer cells in
BC biosynthesis. In this case, both a negative
immobilisation result for the Acetobacter xylinum
ATCC 700178 strain [14] and a positive result for
Komagataeibacter xylinum B-12429 strain [15] are
described in the literature. Before carrying out such
complex studies, the optimum inoculum dosage for
the used culture should be determined, since the
results achieved with varying dosages can differ
greatly.

A review of the relevant literary sources
connected with the aim of this study showed a lack of
data on the effect of the inoculum dosage of the
Medusomyces gisevii Sa-12 symbiotic culture on the
BC yield. Two available methods were chosen for
quality control of the BC: scanning electron micro-
scopy, presenting an express method for con-
firming the origin of cellulose [1, 2] and the degree
of polymerisation in terms of a common method for
controlling the quality of cellulose [16—18].

EXPERIMENTAL PART

BC biosynthesis was conducted on a semisyn-
thetic glucose medium using a Medusomyces gisevii
Sa-12 symbiotic culture as inoculum in 250 mL
containers with a spacing factor of 80%. The viability
of the Medusomyces gisevii Sa-12 producer was
maintained by subculturing every 14 days on a
synthetic glucose medium prepared by dissolving
glucose (22 g/L) in black tea extract (the content of
dry tea in the nutrient medium was 5 g/L, corres-
ponding to 1.6 g/L of extractives according to [9]).
The resulting solution was filtered and cooled to a
temperature of 27 °C, then a symbiotic culture was
introduced.

In order to study the effect of the inoculum
quantity on the yield of BC and its physicochemical
characteristics, four experiments were carried out
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with the producer introduced into the nutrient medium
at the following dosages: 5, 10, 15 and 20% vol. For
each dosage, BC biosynthesis was carried out for
24 days under static conditions in a TC-80 dry-air
thermostat at a temperature of 27 °C accompanied
by daily monitoring the total cell count, glucose
concentration, pH and BC yield. The obtained BC
samples were purified from residues of the nutrient
medium and cells by passive diffusion in dilute
solutions of sodium hydroxide and hydrochloric
acid according to [9]. In order to determine the BC
yield, the films were dried at room temperature in
the expanded state. The yield of BC was cal-
culated as the ratio of the mass of dry BC and the
mass of glucose in the volume of the nutrient
medium [9, 19-21].

The total count of yeast cells and acetic acid
bacteria was determined by the limiting dilution me-
thod. The yeast count was controlled by inoculation
on an agar medium of unhopped beer wort (culture
at 27 °C for 3 days). The count of acetic acid bacteria
was controlled by inoculation on yeast-agar with
3% (vol.) of ethanol (culture at 27 °C for 3 days).
Glucose concentration in the nutrient medium was
established spectrophotometrically using a reagent
based on 3,5-dinitrosalicylic acid (Panreac, Spain) by
UNICO UV-2804 instrument (USA). The calculation
of the substrate utilisation constant was performed
according to [22]. The DP for the obtained BC
samples was determined by a method based on the
dissolution of cellulose in a cadoxene solution and
subsequent viscometry of the resulting solution [23].
The microfibrillar structure of the BC was studied
using a JSM-840 scanning electron microscope
(Japan) [24].

The studies were carried out using the equip-
ment of the Biysk Regional Centre for Collective
Use SB RAS (IPCET SB RAS, Biysk).

RESULTS AND DISCUSSION

During the culture of Medusomyces gisevii Sa-
12 with a different dosage of the inoculum, the total
count of yeast cells and acetic acid bacteria was
determined. The results are presented in Fig. 1.

16

15 D

Total cell count, In N min CFU/mL

14
4 8 12 16 20 24

j.
13
12 1
0
Culture time, days

—&—5% inoculum dosage —m—10% inoculum dosage
#—15% inoculum dosage —#—20% inoculum dosage

b

Fig. 1. Total cell count of (a) yeast and (b) acetic bacteria during the culture
of Medusomyces gisevii Sa-12 with different inoculum dosage

Puc. 1. O6was KoHUeHmMpauyusi Kiilemok Apoxokell (a) u ykcycHokucnbix 6akmepul (b)
8 npouecce KynbmueupoesaHusi Medusomyces gisevii Sa-12 ¢ pa3nu4Holi 003uUpPO8KOU UHOKYJIsIma
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For all inoculum introduction variants, the count
for yeast cells in the nutrient medium during the
culture of Medusomyces gisevii Sa-12 was deter-
mined to be an order of magnitude higher than for
acetic acid bacteria. This appears to be charac-
teristic of this symbiotic culture: yeast processes
glucose into ethanol, further ethanol is consumed by
acetic acid bacteria, while the bacteria synthesise
BC gel-film to protect themselves from the environ-
ment. Thus, the metabolic elements of the symbiotic
culture are localised in different partners, promoting
the increase in the adaptability and stability of the
culture [25].

The low inoculum dosage 5% vol. leads to a
sharp increase in the specific cell growth rate: on
the 2" day of culture, the yeast count is the highest
among all variants and comprises 33 min. CFU/mL,
while the number of acetic acid bacteria is equal to
3.1 min. CFU/mL, exceeding their number for
inoculum dosages of 15 and 20% vol. However,
already by the 5th day, both types of microorga-
nisms go into the stationary phase and from
14 day the death phase is observed.

According to the yeast count, the inoculum
dosage variants of 10-20% vol. practically coincide:
the exponential growth phase is observed for 2 days,
then the linear and slow growth phases are pre-
sented; on the 10" day, the cultures enter the sta-
tionary growth phase; the death phase is observed
from the 18" day. According to the count of acetic
acid bacteria, the inoculum dosage of 10% vol. is in
the lead. The culture enters the stationary phase
on the 3™ day with a bacterium count equal to
5.2 min. CFU/mL; the death phase begins on the
16" day. At inoculum dosages of 15 and 20% vol.,
the stationary phase is observed from the 10" to the
16" day. During this period the acetic acid bac-
teria count is slightly higher than for the inoculum
dosage of 10% vol.: 7.3 and 6.7 min. CFU/mL,

respectively, against 5.9 min. CFU/mL. The death
phase also starts on the 16" day.

Earlier, the count of acetic acid bacteria for the
Medusomyces gisevii Sa-12 culture was shown by
us to serve as a marker for BC synthesis: the higher
the bacteria count, the higher the yield of BC [9],
which demonstrates good agreement with the
dependence of the BC biosynthesis on the acetic
bacteria count for individual strains [12, 13]. Thus,
for inoculum dosages from 10to 20% vol., an
equivalent high yield should be obtained and the
inoculum dosage of 5% vol. turns out to be clearly
insufficient: no proper cell count is provided in the
medium, predicting low BC yield for this variant.

Fig. 2 shows glucose utilisation and BC yield
during culture of Medusomyces gisevii Sa-12
depending on the dosage of the inoculum.

It can be seen from the presented data, that,
with an increase in the inoculum dosage, the process
of substrate utilisation is intensified: the substrate
utilisation constant comprises 0.193 and 0.229 days™
for the inoculum dosage of 5 and 20% vol,
respectively. For all the inoculum dosage variants,
the main glucose consumption occurred from 0 to
10 days, due to its consumption by microorganism
cells and their reproduction. This period corresponds
to the logarithmic growth phase of yeast and acetic
acid bacteria (Fig. 1A). After 10 days, a slow
utilisation of the substrate was observed for the
reason of obvious glucose consumption for the
metabolism of maintaining microorganisms.

When the inoculum was added in an amount of
5% (vol.) of the nutrient medium volume, a thin gel
film of BC was formed only on the 8" day of culture.
In this variant, the BC growth process took place in
three stages: from 8" to 10" day, the yield
increased to 2.3%; from 10" to 21 day, a plateau is
observed on the chart; from 21% to 24" day, a
further increase in BC growth to 6.9% is presented.
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Fig. 2. Glucose concentration and BC yield plotted against inoculum dosage

Puc. 2. U3meHeHUe KOHUeHmMpauuu 2/110K03bl U 8bixo0a BL|
e 3agucumMocmuom 003UpPO8KU UHOKy/sima
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This can be explained by the formation of new thin
BC layers on the surface of the culture medium
with new generations of acetic acid bacteria. For
inoculum dosages of 10% vol. and 15% vol., the
curves demonstrate an exponential character,
reaching a plateau in about 16 days. After this, a
very slow increase in BC is observed. At an
inoculum dosage of 20% vol., the main increase
equal to 7.1% in BC yield occurred from 3rd to
10th day of culture. In the period from 10th to 24th
day, a slow increase in the yield of BC is
presented and no visible degradation processes
are observed. After 24 days of culture, for
inoculum dosage of 10, 15 and 20% vol., the BC
yield comprised 7.8, 7.4 and 7.9%, respectively.
Based on Fig. 2, the inoculum dosage of 5 % vol.
can be concluded to be insufficient for Meduso-
myces gisevii Sa-12: at this dosage, glucose is
spent on the synthesis for biomass of both yeast
and acetic acid bacteria and their high specific
growth rates lead to inhibition of BC biosynthesis.
The data presented in the literature indicate
that, for various producers, the quantity of inoculum
providing the highest BC yield can vary in the range
from 5 to 20% vol. For example, in [26], the effect of
inoculum dosages of 10, 20 and 30% vol. on the
BC vyield was described using a Komagataeibacter
hansenii ATCC 23769 producer with the maximum
obtained at 20% vol. dosage. A study of the effect
of inoculum dosage ranging from 4 to 12% vol.
using a Gluconacetobacter xylinum ATCC 10245
producer showed that the maximum BC yield is

obtained at 8% vol. of inoculum [27]. For
Gluconacetobacter sp. RV28 producer tested in
the range from 1 to 10% vol. the inoculum dosage
providing maximum yield was 5% (vol.). Here, both
a decrease and an increase in the indicated
inoculum dosage was observed to result in a
decrease in BC yield [28]. For the Gluconaceto-
bacter xylinus CHO01 producer, over the range of
4-12% vol., an inoculum dose of 10% vol. turned
out to be optimal [29].

In our case, for the Medusomyces gisevii Sa-12
symbiotic culture, the application of inoculum dos-
ages from 10 to 20% vol. provides comparable re-
sults. With a view to economy, a dosage of 10% vol.
is recommended. If the problem consists in accel-
erating BC biosynthesis, it is recommended to use a
dosage of inoculum of 20% vol. as this will reduce
the time of culture by 2 times.

Fig. 3 demonstrates SEM images of BC
samples. For all variants of inoculum dosages, BC
samples were obtained with an unordered three-
dimensional network structure and microfibril
thickness from 30 to 70 nm, which is characteristic
of BCs, fundamentally distinguishing it from all other
types of celluloses and being in good agreement
with published data [2, 10, 30]. According to SEM,
no differences between the samples were revealed;
thus, it can be concluded that inoculum dosage has
no effect on the microfibrillar structure of the BC.]

The effect of inoculum dosage and culture
time on the degree of cellulose polymerisation in
BC samples is shown in Fig. 4.

. .-. |

AL

Fig. 3. SEM image of BC samples at different inoculum dosage:
a—5%; b—-10%; c—15%; d — 20%; (zoom x 5000)

Puc. 3. Mukpoghomozpaghuu obpa3uyoe bL| npu pasnuyHoii Ao3upoekKke UHOKYJIsIMa,
P3M, %: a- 5; b- 10; c — 15; d— 20; (Macwuma6bupoeaHue x 5000)
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Fig. 4. Effects of inoculum dosage and culture time
on cellulose polymerisation degree of BC samples

Puc. 4. BnusiHue 0o3upoeKu UHOKYJIsima U npodosKumenibHoCmu KyJibmueupoeaHusi
Ha cmerneHb noauMepu3ayuu yessoso3sl 8 obpasyax bl

For all types of experiments, on the 7" day of
biosynthesis, high DP values (3160-5000) for BCs,
typical for BC, were obtained. The DP obtained in
our work are in good agreement with the literature
data, where, for various BC producers, it varies
from 1600 to 6000 [17, 18, 31, 32].

From the data analysis (Fig. 4), it follows that
the maximum value of the cellulose DP, equal
to 5000, was reached on the 7" day of BC
biosynthesis at a inoculum dosage of 10% vol.
Dosages of 15 and 20% vol. demonstrated very
similar results in terms of DP value: 4150 and 4100,
respectively. For the 5% vol. of inoculum, the
smallest DP value of 3160 was observed, which is
1.6 times lower than for the 10% vol. dosage. The
results can be explained by the metabolic
characteristics of the Medusomyces gisevii Sa-12
symbiotic culture: low inoculum dosage leads not
only to inappropriate consumption of the substrate for
biomass synthesis, instead of BC synthesis, but also
to a decrease in the quality of the synthesised BC.

For all variants, a decrease in the DP of
cellulose occurs with an increase in the duration of
biosynthesis from 7 to 21 days. Moreover, the
decrease comprised 49.4, 14.6, 15.7 and 22.9%
(of the maximum DP value for this variant on the
7th day of biosynthesis) for dosages of 5, 10, 15
and 20% vol., respectively. Therefore, in order to
reduce the DP during the BC biosynthesis, the
dosage of the inoculum of 5% vol. is concluded to
be insufficient; conversely, a dosage of 20% vol. is
excessive.

The decrease of DP during biosynthesis may
be due to the fact that, in the first 7 days of culture,
biosynthesis of highly polymerised BC takes place
and, after culture from 7 days onwards, low
polymerised BC layers are synthesised, which
reduces the average cellulose DP value in BC
samples. Physiologically, this version is explained
by a well-known fact: since acetic acid bacteria are
strict aerobes, the biosynthesis of new BC layers

DPU3UKO-XUMUNYECKAA BUONOInA / PHYSICOCHEMICAL BIOLOGY

is carried out on the surface of already formed
layers [1, 2]. However, over time, the state of the
population worsens: nutrients are exhausted,
metabolic products are accumulated promoting for
the decrease in DP of the synthesised BC. The
tendency toward a decrease in the degree of
polymerisation of cellulose with an increase in the
culture time is described in [18]; however, the
authors simply state the fact without being able to
adequately explain it. It should be noted that
problems of long-term BC culture in global
practice have been poorly studied, despite the
desirability for the duration of this process to be
reduced. In our opinion, the stated version of the
decrease in DP is more viable than the version of
the decrease in DP explained by the destruction
of BC during long-term culture proposed in the
1970s [33] since the total mass of BC during
prolonged culture continues to increase.

Thus, in the process of studying the inoculum
dosage, we were able to observe an interesting
regularity of the dependency of the DP of BC
samples on the inoculum dosage and the duration
of BC biosynthesis, as well as to determine the
optimal inoculum dosage of 10% vol., leading to
the procurement of a BC possessing maximum DP
that decreases slightly during long-term culture.
This opens up the possibility of regulating the
biosynthesis of BC to directly obtain BC having
desired properties.

CONCLUSIONS

As the result of this study, during biosynthesis
of BC by the Medusomyces gisevii Sa-12 symbiotic
culture, a high yield (7.5-8.0%) was established for
an inoculum dosage of 10—-20% vol. Moreover, in
the case of an inoculum dosage of 20% vol., the
culture time is reduced by half.

All inoculum dosage variants are shown to
provide the same three-dimensional cross-linked
microfibrillar structure of BC samples.
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For the first time, the dependence of the BC
polymerisation degree on the inoculum dosage
and the time of biosynthesis has been established.

The optimal dosage of the inoculum 10% vol. was
determined, resulting in a maximum degree of
polymerisation equal to 5000.
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