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6HOHFWLRQ�DQG�RSWLPL]DWLRQ�RI�FXOWLYDWLRQ�FRQGLWLRQV� 
IRU�EDFWHULDO�FHOOXORVH�SURGXFHU�

AbstUDFW��The aim of this study was to increase productivity of Komagataeibacter xylinus C3 strain on 

nutrient media using industrial wastes as carbon source. By-product of sugar production, molasses, was 

VHOHFWHG� IRU� WKH� FXOWLYDWLRQ� RI� EDFWHULDO� FHOOXORVH� �%&�� SURGXFHU�� ,W� KDV� EHHQ� VKRZQ� WKDW� WKH� VLJQL¿FDQW�
DFFXPXODWLRQ�RI�%&�������J�/��RFFXUV�RQ�PRODVVHV�PHGLXP�ZLWK���GD\V�RI�FXOWLYDWLRQ�LQ�static conditions, 

ZKLFK� LV� ���� WLPHV�KLJKHU� WKDQ�RQ�PRGL¿HG�+HstULQ� DQG�6FKUDPP� �0+6��PHGLXP��%&� V\QWKHVL]HG�RQ�
PRODVVHV�PHGLXP�LV�RI�KLJK�PHFKDQLFDO�SURSHUWLHV��WHQVLOH�strength – 38.34 MPa and relative elongation at 

break – 3.34%). The replacement of carbon source for molasses in MHS medium for BC production did not 

alter the polymer stUXFWXUH�DQG�LWV�PLFUR¿EULOODU�QDWXUH�ZDV�QRW�D൵HFWHG�E\�WKH�FRPSRVLWLRQ�RI�WKH�PHGLXP��
7KH�LQWURGXFWLRQ�RI�PRODVVHV�DV�QXWULHQW�VRXUFH�SURPRWHG�D�VLJQL¿FDQW�FRst decrease of culture media by 

almost 2.8 times relating to MHS medium cost. 
.H\�ZRUGV� bacterial cellulose, industrial waste, morphological properties, mechanical parameters, cost-
H൵HFWLYH�SURGXFWLRQ�

,QWURGXFWLRQ

The main object of study and practical use for the 

SURGXFWLRQ�RI�EDFWHULDO�FHOOXORVH��%&��DUH�DFHWLF�DFLG�
bacteria belonging to the family of Acetobacteriaceae 

[1-3]. Currently, 14 genera are present in this 

family: Acetobacter, Acidiphilium, Acidocella, 
Acidomonas, Craurococcus, Asaia, Gluconobacter, 

Paracraurococcus, Rhodopila, Roseomonas, Stella, 

.R]DNLD��7KH�VSHFLHV�GL൵HU�LQ�WKHLU�DELOLW\�WR�GHYHORS�
on media with high concentrations of acetate and 

glucose. The names of the genera Acetobacter and 

Gluconobacter in this family have been known 

for a long time, but the taxons of the remaining 

genera were isolated and published only after 1989. 

Until 1998, the species Acetobacter xylinum was 

FRQVLGHUHG� LQ� WKH� VFLHQWL¿F� OLWHUDWXUH� DV� D� VHSDUDWH�
species, but belonged to the subspecies Acetobacter 
aceti��,Q�������WKLV�VSHFLHV�ZDV�DJDLQ�UHFODVVL¿HG�DV�
Gluconacetobacter xylinus. The species Acetobacter 
hansenii�KDV�EHHQ�UHFODVVL¿HG�DV�Gluconacetobacter 
hansenii. Later, the genus Gluconacetobacter was 

DJDLQ� UHFODVVL¿HG� LQWR� WKH� JHQXV�Komagataeibacter 

[4].

It is believed that the cells of bacteria synthesizing 

cellulose are immobilized in the polymer net in 

order to maintain the entire population in the space 

between air and liquid. I.e., cellulose biosynthesis is 

physiologically expedient for producers, and is an 

important evolutionary mechanism for the survival 

of producers of this polymer [5].

Bacterial cells created during the synthesis 

process of glucose chains exit through tiny pores 

that are present on its cell membrane [6]. Cellulose-

synthesizing enzymes involved in the glucose 

polymerization reaction produce several glucan 

FKDLQV� WKDW� IRUP� ����QDQRPHWHU� VXEHOHPHQW� ¿EULOV��
7KHVH�¿EULOV��JOXFRVH�FKDLQV��WKHQ�FRPELQH�WR�IRUP�
PLFUR¿EULOV��ZKLFK�ODWHU�DVVHPEOH�DQG�IRUP�FHOOXORVH�
ULEERQV� >�@�� 7\SLFDOO\�� ��� WR� ����PLFUR¿EULOV� IRUP�
a ribbon approximately 7 nm thick and 70-145 nm 

ZLGH��7KHVH�ULEERQV��QDQR¿EHUV��VXEVHTXHQWO\�FUHDWH�
a web-like net structure with a large number of empty 

VSDFHV�EHWZHHQ�WKH�¿EHUV�>����@�
7KH� PDLQ� IDFWRUV� D൵HFWLQJ� WKH� SURGXFWLYLW\� RI�

bacteria are the composition of the nutrient medium 

and the conditions of their cultivation. The optimal 

choice of nutrient medium and conditions for 

cultivation is also important for cellulose-forming 

bacteria, whose productivity depends primarily on 

the carbon source. They synthesize it from glucose, 

which is used in the classical Hestrin and Schramm 
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�+6�� PHGLXP� >��@�� +RZHYHU�� D� QXPEHU� RI� SDSHUV�
SURYLGH�LQIRUPDWLRQ�RQ�WKH�LQÀXHQFH�RI�RWKHU�FDUERQ�
sources on BC biosynthesis [11-13]. Most often their 

authors used sucrose, fructose, galactose, mannitol 

and glycerin. It has been shown that sucrose and 

fructose provide the highest BC yield, followed in 

descending order by manitol, glycerin and galactose 

[13]. The authors explained the results obtained by 

WKH�DELOLW\�RI�EDFWHULD�WR�IRUP�JOXFRVH�IURP�GL൵HUHQW�
carbon sources, since any substrate must initially be 

converted into glucose and only after that it polymerizes 

into cellulose [13]. When using mannitol, fructose 

or glucose constant rates of cellulose formation are 

REVHUYHG�DV�D�UHVXOW�RI�H൶FLHQW�WUDQVSRUW�WKURXJK�WKH�
FHOO�PHPEUDQH� �LQLWLDOO\�PDQQLWRO� LV� FRQYHUWHG� LQWR�
IUXFWRVH���*DODFWRVH�KDV�EHHQ� LGHQWL¿HG�DV� WKH� OHDVW�
suitable carbon source because its transport through 

WKH�FHOO�PHPEUDQH�LV�LQH൶FLHQW�
One of the problems limiting the BC production 

is a high cost. The price of the fermentation medium 

is 30-50% of the total cost of the target product, 

which plays a crucial role in microbial fermentation. 

The use of waste and by-products of some 

industries in fermentation media can increase the 

SUR¿WDELOLW\�RI�%&�SURGXFWLRQ��,Q�WKLV�UHJDUG��PDQ\�
studies have focused on the development of media 

using industrial waste: cognac extract [14], fruit juices 

[15], maple syrup [16], sugar cane juice, wastewater 

from the production of rice wine [17], grape oilcake 

[18], wastewater from confectionery factories, corn 

liquor, dairy and soy whey [19].  In a number of 

works, agro-industrial wastes were tested for these 

purposes: wheat straw [20], activated sludge [21], 

spruce hydrolysate [22], hydrolysates of technical 

cellulose, as well as waste from biodiesel production, 

such as crude glycerin and by-products of acetone-

butanol-ethanol fermentation [23]. Thus, the range of 

agricultural and industrial waste that could be used in 

fermentation media for the growth of producers and 

the formation of BC by them is quite wide. 

In this regard, the purpose of this work is to select 

and optimize the cultivation conditions that ensure 

the maximum yield of BC.

0DWHULDOV�DQG�PHWKRGV

2EWDLQLQJ� %&� XQGHU� VXUIDFH� FXOWLYDWLRQ�
conditions. The inoculate was obtained by transferring 

a colony from an agar culture with Komagataeibacter 
xylinus�&���VWUDLQ�LQWR�����PO�RI�PRGL¿HG�+6��0+6��
PHGLXP�� DQG� WKHQ� LQFXEDWHG� DW� ���&� IRU� ��� KRXUV��
In MHS medium, in contrast to the classical HS 

medium, the glucose content is reduced to 1% and 

ethanol is added at a concentration of 0.5% [24]. 

&RPSRVLWLRQ�RI�0+6�PHGLXP��J�/���JOXFRVH�±�����
sodium hydrogen phosphate – 2.7, peptone – 5, yeast 

extract – 5, citric acid – 1.15, ethanol – 5.

The resulting culture was vigorously shaken 

to release the immobilized cells from the 

V\QWKHVL]HG� FHOOXORVH� ¿OP�� IROORZHG� E\� ¿OWUDWLRQ�
of the suspension through sterile nets. The cells 

were then precipitated by centrifugation at 10,000 

rpm. The titer of cells in the inoculum was 

determined by optical density and adjusted to a 

cell density of 5×108 CFU/ml using a UV-1601 PC 

VSHFWURSKRWRPHWHU��6KLPDG]X��-DSDQ���
Liquid-phase stationary cultivation of the BC 

producer was carried out in MHS medium with 

glucose, as well as in a condition where production 

wastes were used instead of glucose. Nutrient 

media based on whey, molasses and glycerin of the 

following compositions:

��PHGLXP�ZLWK�ZKH\��J�/���ZKH\�±����� VRGLXP�
hydrogen phosphate – 2.7, peptone – 5, yeast extract 

– 5, citric acid – 1.15, ethanol – 5;

�� PHGLXP�ZLWK�PRODVVHV� �J�/��� PRODVVHV� ±� ����
sodium hydrogen phosphate – 2.7, peptone – 5, yeast 

extract – 5, citric acid – 1.15, ethanol – 5; 

�� PHGLXP� ZLWK� JO\FHULQ� �J�/��� JO\FHULQ� ±� ����
peptone – 5, yeast extract – 5, citric acid – 1.15, 

ethanol – 5.

7KH�PHGLD�ZHUH�SRXUHG�LQWR�����PO�ÀDVNV��WKHQ�
1 ml of inoculate was added. Cultivation was carried 

RXW�DW����&�IRU���GD\V�
%&�¿OPV�ZHUH� VHSDUDWHG� IURP� WKH� FXOWXUH� ÀXLG�

and periodically washed with 0.5-1% NaOH solution 

DW����&�KHDWLQJ�XQWLO�WKH�FHOOV�ZHUH�UHPRYHG��7KHQ��
the cellulose samples were washed from the NaOH 

solution with distilled water, 0.5% acetic acid 

solution and once more with distilled water until a 

neutral reaction. The obtained cellulose samples 

ZHUH�VWRUHG�LQ�GLVWLOOHG�ZDWHU�DW���&�
The BC mass was determined after preliminary 

GU\LQJ� LQ� D� GU\�EXUQLQJ� WKHUPRVWDW� DW� ���&� WR� D�
constant weight of the sample.

Characterization of bacterial cellulose samples by 
scanning electron microscopy. Samples of cellulose 

were precoated with a thin layer of a platinum-

SDOODGLXP� DOOR\� �3W�3G� ������� DQG� H[DPLQHG� XVLQJ�
D� -60�����)� VFDQQLQJ� HOHFWURQ� PLFURVFRSH� �-HRO��
-DSDQ��� 7KH� DYHUDJH� GLDPHWHU� RI� WKH� %&� QDQR¿EHU�
ZDV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�REWDLQHG��DW�OHDVW������
values, calculations were carried out using Origin Pro 

����SURJUDP��2ULJLQODE�&RUSRUDWLRQ��86$��
'HWHUPLQDWLRQ� RI� WKH� VWUHQJWK� RI� ¿OPV� The 

mechanical data of BC was measured using the 

,QVWURQ� EXUVWLQJ� PDFKLQH� �86$�� LQ� XQLD[LDO� PRGH�
DFFRUGLQJ� WR� WKH�SDUDPHWHUV�� WHQVLOH� VWUHQJWK� �03D��
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DQG�HORQJDWLRQ�DW�GLVUXSWLRQ������7HQVLOH�WHVWV�ZHUH�
conducted with a set sample deformation at constant 

speed of 100 mm/min.

Statistical  analysis.  Statistical comparison was 

performed using an unpaired test, followed by one-

ZD\�DQDO\VLV�RI�YDULDQFH��$129$��XVLQJ�'XQQHWW¶V�
multiple comparison test. All statistical data of 

the analysis were carried out using the SPSS 16.0 

VRIWZDUH�SDFNDJH��6366�,QF���86$��

5HVXOWV�DQG�GLVFXVVLRQ

Despite the fact that there are many publications 

using cheap sources of raw materials for the 

production of BC [14-23], it is necessary to clarify 

the technological parameters for each producer and a 

VSHFL¿F�VWUDLQ��,W�LV�LPSRVVLEOH�WR�WUDQVIHU�WKH�RSWLPDO�
FRQGLWLRQV� LGHQWL¿HG� IRU� RQH� VWUDLQ� WR� DQRWKHU��
since it is always necessary to take into account the 

biosynthetic features of a particular producer. In this 

regard, at the next stage, studies were conducted to 

determine the possibility of using cheap carbon and 

energy sources as part of the nutrient medium for the 

K. xylinus C-3 strain. 

Dairy and sugar production are well developed in 

the Republic of Kazakhstan, the waste of which are 

whey and molasses. One of the ways to use them is 

to develop simple and cheap nutrient media based on 

them for production BC. 

In addition, the number of distilleries, including 

those producing bioethanol, is increasing every year. 

One of the main components of organic waste in 

WKH�SURGXFWLRQ�RI�ELRIXHOV� LV�JO\FHULQ��$�VLJQL¿FDQW�
amount of glycerin is formed during the industrial 

distillation of alcohol in distillation columns and 

the production of bioethanol from vegetable raw 

materials. Waste disposal occupies one of the key 

positions in the organization of environmentally safe 

DQG�FRVW�H൵HFWLYH�SURGXFWLRQ�
In this regard, it was decided to use whey, 

molasses and glycerin, which were introduced into 

MHS medium instead of glucose as carbon source. 

Figure 1 shows the results of determining the mass of 

%&�¿OPV�IRUPHG�RQ�0+6�DQG�ZDVWH�PHGLD�

Judging by obtained data, the lowest BC yield 

ZDV�REVHUYHG�RQ� WKH�PHGLXP�ZLWK�ZKH\� �����J�/���
The producer synthesizes cellulose from glucose. 

Therefore, any sugars contained in the fermented 

substrate must be converted to glucose. Lactose 

presented in whey is a disaccharide that breaks down 

into glucose and galactose. Galactose is considered 

the least suitable carbon source for cellulose-forming 

bacteria [13]. Besides, the proportion of mutants 

that unable to synthesize cellulose increases during 

cultivation on media with galactose or lactose. The 

increase in the number of cellulose-negative cells 

leads to competition for a substrate with a population 

of cellulose-positive cells. It was found that not a 

GHQVH��EXW�D�JHO�OLNH�¿OP�ZDV�IRUPHG�RQ�WKHVH�PHGLD��

)LJXUH�� – Productivity of K. xylinus C-3 strain on MHS medium and waste-based media

The fact is that the presence in the population of a 

VLJQL¿FDQW�SURSRUWLRQ�RI� FHOOXORVH�QHJDWLYH�PXWDQWV�
not involved in the synthesis of cellulose leads to a 

noticeable decrease in the overall rate of polymer 

accumulation, which in turn prevents the formation 

RI�D�GHQVH�¿OP�>��@��$�VLPLODU�SDWWHUQ�ZDV�REVHUYHG�
in our experiments.

It should also be taken into account that whey 

LV� D� SHULVKDEOH� SURGXFW�� ZKLFK� LV� D� VLJQL¿FDQW�
disadvantage of the widespread use of a nutrient 

medium based on it. 

Low productivity of the strain was also noted 

RQ� WKH� JO\FHULQ� PHGLXP�� 7KH� ZHLJKW� RI� WKH� ¿OP�
synthesized by the strain is 4.87 g/L, which is 

32.6% less than on MHS medium. Similar data were 
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obtained by other authors, who found that with static 

cultivation, the yield of BC on glycerin medium is 

lower than on glucose medium [25, 26].

The most favorable medium for BC synthesis 

is a medium based on molasses [27-29]. It is one 

of the most economical carbon sources in the 

microbiological industry. Molasses is a by-product 

RI� WKH� ¿QDO� VWDJH� RI� FU\VWDOOL]DWLRQ� LQ� WKH� VXJDU�
production process. Due to the high content of sucrose 

in molasses, it is actively used as a raw material for 

the preparation of nutrient media. Molasses contains 

about 80% of dry substances that approximately 

57% is represented by sugars. However, at such 

concentration, microorganisms will not be able to 

grow, so molasses was diluted with distilled water 

10 times. The relatively low sugar concentration 

LQ� PRODVVHV� LV� D� SUHUHTXLVLWH� IRU� H൶FLHQW� FHOOXORVH�
production.

It should be noted that molasses contains 

PLQHUDOV� DQG� KHDY\�PHWDOV� WKDW� KDYH� D� WR[LF� H൵HFW�
on the growth of microorganisms and the synthesis 

of the product [30]. Suspended impurities and heavy 

metals of molasses were removed by treatment 

ZLWK�K\GURFKORULF�DFLG�DW�������&��,Q�DGGLWLRQ�� WKLV�
treatment will also allow sucrose to be hydrolyzed to 

its glucose and fructose monomer. 

The polymer mass yield on the molasses medium 

is 11.9 g/L, which is 1.6 times more than on MHS 

PHGLXP�������J�/���7KH�UHDVRQ�PD\�EH�WKDW�PRODVVHV�
FRQWDLQV�D�PL[WXUH�RI�FDUERK\GUDWHV��VXFURVH��JOXFRVH�
and fructose). Primarily, the producer consumes 

glucose, and then gradually other sugars. 

There is noted a pH decline cause of glucose 

oxidation to a gluconic acid that could impact on 

formation of BC [15]. However, synthesis of gluconic 

acid is suppressed in a medium based on molasses, 

DQG�S+�VWD\V�VWHDG\��)LJXUH����

)LJXUH�� – Dynamics of BC biosynthesis  

on the medium with molasses

Furthermore, molasses includes phenolic 

compounds with guaiacyl and syringyl linkages 

comparable to lignin [29], which are likewise slowly 

consumed, resulting in a modest pH shift, which was 

accompanied by an increase in cell proliferation and the 

synthesis of BC. It was discovered that BC synthesis 

was linked to the growth of acetic acid bacteria, and 

that the conditions applied to the highest number of 

bacteria also correspond to the highest BC production.

Molasses includes nitrogen molecules such as 

amino acids, nucleic acids, and vitamins apart from 

carbohydrates. In MHS medium, peptone and yeast 

extract serve as sources of nitrogen nutrition. Peptone 

LV� DQ� H[SHQVLYH� FRPSRQHQW� �������� WHQJH�NJ��� 2Q�
the one hand, yeast extract also contains nitrogen 

FRPSRXQGV� QHFHVVDU\� IRU�PLFURRUJDQLVPV� �SHSWLGHV��
free amino acids and nucleotides). On the other hand, it 

DOVR�FRQWDLQV�DOO�WKH�YLWDPLQV�RI�JURXS�%��$QG��¿QDOO\��
some researchers point out that the absence of peptone 

LQ�WKH�QXWULHQW�PHGLXP�GRHV�QRW�D൵HFW�WKH�SURGXFWLYLW\�
of K. xylinus strain [31]. In this regard, the producer 

strain was grown under the same conditions, but on a 

PHGLXP�ZLWKRXW�SHSWRQH��7DEOH����

Table 1�±�7KH�PDVV�RI�WKH�%&�¿OP��J�/��IRUPHG�RQ�PHGLD�ZLWK�GL൵HUHQW�FRQFHQWUDWLRQV�RI�SHSWRQH

Medium
&RQWHQW�RI�SHSWRQH����

0 3 5

MHS with glucose 7.12±0.3 7.19±0.4 7.23±0.4

Medium with molasses 11.65±0.4 11.79±0.2 11.9±0.4

1RWH���LQ�DOO�FDVHV��WKHUH�ZHUH�QR�VLJQL¿FDQW�GL൵HUHQFHV�EHWZHHQ�WKH�LQGLFDWRUV��ɪ������

Under the conditions of this experiment, no 

VLJQL¿FDQW�GL൵HUHQFH� LQ� WKH� OHYHO�RI�SURGXFWLYLW\�RI�
the strain was found, the discrepancy in the mass of 

WKH�%&�¿OPV�ZDV�ZLWKLQ� WKH�FRQ¿GHQFH� LQWHUYDO�� DW�
least in the conditions of the experiment. Probably, 

organic nitrogen compounds contained in molasses 

DQG�\HDVW� H[WUDFW� ¿OO� WKH� QHHGV� RI� WKH� VWUDLQ� LQ� WKLV�
element. This eliminates the need to use an additional 

source of nitrogen nutrition, such as pepton. The 

removal of peptone from the medium based on 
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molasses will reduce the cost of the BC production 

technology.

Thus, the proposed composition of the medium 

ZLWK� PRODVVHV� �J�/��� PRODVVHV� ±� ���� VRGLXP�
hydrophosphate – 2.7; yeast extract – 5; citric acid – 

1.15; ethanol – 5. A patent for utility model No. 5756 

ZDV�REWDLQHG�IRU�LW�XQGHU�WKH�QDPH�³1XWULHQW�PHGLXP�

for the cultivation of the bacterial cellulose producer 

Komagateibacter xylinus´�GDWHG������������>��@�
The production nutrient medium not only 

VLJQL¿FDQWO\�D൵HFWV�WKH�FRVW�RI�WKH�REWDLQHG�SURGXFWV��
but also determines their quality [16, 21, 33]. The BC 

was examined on a scanning electron microscope to 

GHWHFW�SRVVLEOH�GL൵HUHQFHV�LQ�WKH�JHO�¿OP��)LJXUH����

A B

)LJXUH���±�6(0�LPDJHV�RI�%&�¿OPV�V\QWKHVL]HG�E\�WKH�K. xylinus C-3 strain on various media.

1RWH��$�±�0+6��%�±�PHGLXP�ZLWK�PRODVVHV��PDJQL¿FDWLRQ�[�������

0LFUR¿EULOODU� ULEERQV� IRUPLQJ� D� QDQR�JHO� ¿OP�
of BC grown on MHS and media based on molasses 

GR� QRW� GL൵HU� IURP� HDFK� RWKHU�� $OO� %&� ¿OPV� KDG�
D� ÀDW� DQG� VPRRWK� VXUIDFH�� 7KH� WKLFNQHVV� RI� %&�
PLFUR¿EULOV� DYHUDJHG� ��±���� QP�� 7KH� DYHUDJH�
GLDPHWHU�RI�%&�¿EULOV�ZDV�DSSUR[LPDWHO\������QP��
7KH�LQWHUFRQQHFWHG�SRURXV�PDWUL[�VWUXFWXUH�RI�¿OPV�
formed on media had a considerable surface area. 

%&� PLFUR¿EULOV� DUH� FRPELQHG� WRJHWKHU� LQWR� RQH�
PLOOLRQ�RI�D�FHQWLPHWHU�WKLFN�ULEERQ�OLNH�¿EHUV��,W�LV�
feasible to provide not only the needed vapor and gas 

SHUPHDELOLW\��EXW�DOVR�WR�UHWDLQ�GL൵HUHQW�ELRORJLFDOO\�
DFWLYH�FRPSRQHQWV�LQ�WKH�VWUXFWXUH�RI�¿OPV�

The presence of a BC framework with uniform 

¿EHU� GLVWULEXWLRQ� GHQVLW\� DVVXUHV� WKDW� ¿OPV� KDYH� D�
high mechanical strength, which is an important 

measure of biomaterial quality [34]. The strength of 

WKH�¿OPV�ZDV�GHWHUPLQHG�RQ� WKH�XQLYHUVDO�EUHDNLQJ�
PDFKLQH� ,QVWURQ� �86$�� LQ� XQLD[LDO� PRGH� E\� WZR�
LQGLFDWRUV�� WHQVLOH� VWUHQJWK� �03D�� DQG� HORQJDWLRQ�
YDOXH������7DEOH����

Judging by the results presented in Table 2, the 

tensile strength of the BC formed on MHS medium 

was 28.54+0.4 MPa, and the elongation value was 

4.89+�����7KH�HORQJDWLRQ�YDOXH� ����RI�%&�JHO�¿OP�

formed on the media based on molasses was 3.34+0.2. 

%&�¿OPV� V\QWKHVL]HG�RQ�PRODVVHV�PHGLXP�KDG� WKH�
KLJKHVW�VWUHQJWK�YDOXH�������+0.2) compared to those 

REWDLQHG�RQ�0+6�PHGLXP��7KLV�YDOXH�LV�VX൶FLHQWO\�
high compared to the mechanical parameters of many 

ÀDW�RULHQWHG�OD\HUV�RI�RUJDQLF�SRO\PHUV��,W�LV�NQRZQ�
that high tensile strength correlates with an increase 

in the number of hydrogen bonds in the material [30]. 

This suggests that an increase in the strength of BC 

synthesized on the medium with molasses may be due 

to the occurrence of hydrogen bonds between OH-

groups of cellulose and OH-groups in composition of 

molasses. The cost of 1 liter of MHS medium is 743 

WHQJH��PRODVVHV�EDVHG�PHGLD�LV�����WHQJH��7DEOH�����

7DEOH�� – Mechanical properties of BC formed on various nutri-

ent media

Mechanical strength 

indicators
MHS medium

Medium with 

molasses

7HQVLOH�6WUHQJWK��03D� 28.54+0.4 38.34+0.2

(ORQJDWLRQ�DW�EUHDN���� 4.89+0.2 3.34+0.2
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Table 3 – Calculation of the cost of nutrient media for cultivation of K. xylinus C3

Medium Components of medium 3ULFH��WJ�SHU���NJ� Number of ingredients 

�J�/�
3ULFH��WJ�IRU���OLWHU�RI�

medium)

MHS medium

glucose 7,000 10 70

sodium hydrogen 

phosphate
103, 800 2.7 280

peptone 48, 775 5 244

yeast extract 26, 400 5 132

citric acid 5,700 1.15 7

ethanol 2,000 5 10

Total 743

Medium with molasses

molasses 300 20 6

sodium hydrophosphate 103, 800 2.7 280

yeast extract 26, 400 5 132

citric acid 5,700 1.15 7

ethanol 2,000 5 10

Total 435

The cost of 1 g of BC on MHS medium – 103 

tenge and on molasses-based medium – 37 tenge, 

which reduces the cost of BC production technology 

E\�DOPRVW�����WLPHV��7DEOH����

Thus, the new molasses medium is cost-

H൵HFWLYH� IRU� WKH� FXOWLYDWLRQ� RI� WKH� %&� SURGXFHU�
DV� ZHOO� DV� SURYLGHV� D� KLJK� OHYHO� RI� JHO�¿OP�
biosynthesis.

Table 4�±�&DOFXODWLRQ�RI�WKH�FRVW�RI�%&�RQ�GL൵HUHQW�PHGLD

Medium
BC output on media 

�J�/�
The cost of the medium 

�WJ�SHU��/�
Cost of BC 

�WJ�IRU���J�/�
MHS medium 7.23 743 103 tg

Medium with molasses 11.9 435 37 tg

&RQFOXVLRQ

3URGXFWLRQ� RI� %&� LV� FRVWO\� ZLWK� GH¿QHG�
chemical medium, i.e., HS medium. Therefore, 

most researchers are searching alternative from 

the available wastes in order to reduce the cost. To 

RYHUFRPH�WKHVH�GL൶FXOWLHV��WKHUH�KDV�EHHQ�D�UHVHDUFK�
on the enhanced production of BC, by selection and 

optimization of the producer static cultivation using 

whey, glycerin and molasses, as substrate.

An optimal nutrient medium based on the waste 

of sugar production – molasses was selected for the 

BC producer, which provides a 2.8-fold reduction 

in the cost of the synthesized biopolymer. Surface 

cultivation of K. xylinus C3 strain on a medium with 

molasses for 7 days increases the productivity of the 

¿OP�IRUPDWLRQ�WR������J�/�

BC, obtained on the medium with molasses forms 

D� QHWZRUN� RI� PLFUR�������� QP�� DQG� PDFUR¿EULOV�
��������QP��� SURYLGLQJ�KLJK�PHFKDQLFDO� SURSHUWLHV�
�WHQVLOH� VWUHQJWK� ±� �����+0.2 MPa; elongation at 

break – 3.34+0.2%).

Thus, the composition of optimal nutrient medium 

for BC production was developed using molasses 

as a substrate. By-product of sugar production 

SURPRWHG�VLJQL¿FDQW�JDLQV�RI�%&�LQ�PDVV�DQG�\LHOG�
FRPSDUHG�WR�0+6�PHGLXP��ZLWKRXW�DQ\�GL൵HUHQFH�LQ�
PLFUR¿EULOODU�VWUXFWXUH�RI�SRO\PHU�

An optimized nutrient medium based on sugar 

production waste – molasses can be used to scale the 

production of BC. The use of media based on food 

DQG� DJUR�LQGXVWULDO� ZDVWH� FDQ� VLJQL¿FDQWO\� UHGXFH�
the cost of technology for obtaining not only BC, but 

also other products of microbiological synthesis and 
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opens up broad prospects for the development of new 

technologies for the disposal of these wastes. 
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6FLHQWL¿F� ZRUN� ZDV� FRQGXFWHG� ZLWKLQ�
the framework of the project AP09259491 

³%LRWHFKQRORJ\� DSSOLFDWLRQ� LQ� SURGXFWLRQ� RI�
combined dairy products using polysaccharide 

PDWUL[� ZLWK� SURELRWLF� ELR¿OPV´� ������������
supported by the Ministry of Science and Higher 

Education of the Republic of Kazakhstan.
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