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A cellulose-producing strain isolated from vinegar culture, preservation number
TCCC 10025 in the Tianjin university of science & technology’s center of culture collection,
was identified as Gluconacetobacter xylinus based on morphological character, traditional
physiological and biochemical method and 16S rDNA complete sequencing analysis. The
composition of medium and fermentation conditions was studied. When the initial pH
of the medium was 6.0, which contained 70g/L sucrose, 9g/L yeast extract, 9g/L tryptone,
trace amount of Ca2+, SiO3

2- and Mg2+, and the strain was cultivated at 28oC, the amount of
bacterial cellulose produced by Gluconacetobacter xylinus TCCC 10025 was the highest
and reached to 9.214±0.053 g/L. The film produced by Gluconacetobacter xylinus TCCC
10025 was turn out to be bacterial cellulose by the SEM and FT-IR analysis.

Key words: Bacterial cellulose, Gluconacetobacter xylinus,
Identification, Fermentation conditions.

The bacterial cellulose (BC) is popular
referred to microbial synthetic cellulose produced
by Acetobacter sp., Agrobacterium sp.,
Pseudomonas sp., Achromobacter sp., Alcaligenes
sp., Aerobacter sp.,  Azotobacter sp., Rhizobium
sp. and Sarcina sp. 1. As a tremendous producer
of cellulose, Acetobacter xylinum,a Gram-negative,
bacilliform bacteria, has been studied immensely
and renamed as Gluconacetobacter xylinus subsp.
xylinus in 1997 2, 3, Gluconacetobacter xylinus, a
micromicrobe widely distributed in nature, is a
troublesome superfluity in the industrial
production of vinegar. Gluconacetobacter xylinum
has been isolated from rotting fruits 4, 5, vegetables,
fermenting coconut water6 and vinegar culture.

The BC is a glucan composed of straight-
chain glucose molecule linked at the b-1,4
glycosidic bond. It is different from plant cellulose
because of its high purity and high degree of
polymerization. Besides, it is specifically
characterized by its high water-holding capacity
and mechanical strength 7, 8. BC can be used for
various applications including paper industry,
adhesive-bonded fabric, fidelity acoustic materials,
soft tissue engineering, drug controlled release
carrier, artificial duramater, artificial skin, wound
covers, membrane for separations 9-11 and so on.

With the increasing demand for BC,
increase in the production yield of BC is very
urgent. Therefore, there has been a recent increased
interest in BC production by microbial cell.
Gluconacetobacter xylinum is one of the best in
these microbes. Cellulose produced by
Gluconacetobacter xylinum has been reported
both in static as well as agitated culture6, 12, 13. The
production of cellulose is affected by the type and
concentration of carbon source, nitrogen source,
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inorganic salt, trace element and pH14. The carbon
sources involve glucose, sucrose, fructose, invert
sugar, ethanol and glycerol15 and nitrogen source
involve yeast extract, beef extract, peptone, and
tryptone. Gluconacetobacter xylinum is able to
grow at PH as low as 3.5 owing  to its distinct acid
tolerable 16.

As mentioned above, production of BC
by Gluconacetobacter xylinum has a high potential
for commercialization. However, the yield of BC is
not high enough to be industrialized. Accordingly,
further research is required to isolate high-
producing strain and optimize its culture medium.
The effects of culture conditions and medium
component on the yield have been studied by
many researchers17-19. However there are few
studies on the inorganic salt and trace element. In
this investigation, Gluconacetobacter xylinum was
used to produce BC and the effects of carbon
source, nitrogen source, inorganic salt, trace
element, pH and temperature on BC yield were
studied.

MATERIALS AND METHODS

Isolation and identification of cellulose-producing
bacteria

Cellulose-producing bacteria were
isolated using the modified method reported by
Toyosaki12. Sample from vinegar culture was
inoculated into the basic medium ( 30g/L glucose,
10g/L peptone, 6g/L yeast extract, 5g/L Na2HPO4,
1g/L sodium citrate, pH6.8, 121oC holding 20 min.)
and cultured statically at 30oC. When the pellicle
was formed on the surface of culture broth, it was
selected out and eluted with sterile normal saline,
and then the elution was coated onto an agar plate
containing the basic medium. The plates were
incubated at 30 oC for 2 days until colonies formed.
After that these colonies were inoculated into the
basic medium respectively. Finally, the pure strains
were isolated after repeating the static culture for 6
times, as described above.

The method of identifying cellulose-
producing strain was formulated in the ninth
edition of ‘the Bergey’s bacteria identification
manual’ and the second edition ‘Bergey system
bacteriology manual’. Reference to these manuals,
the highest cellulose-producing strain was
identified by Physiological and biochemical

actions.
Screening the strain with the highest yield

and identifying it using 16S rDNA complete
sequence analysis were implemented with the
following procedure suggested by Juke and Canter.
The 16S rDNA complete sequence was submitted
to the GeneBank and the percent similarity and
phylogenetic tree were analyzed according to the
method suggested by Saito and Nei.
Optimition of medium

The basic medium was used as the initial
medium for the cell culture. The strain was kept on
1% agar plates containing the basic medium, then
inoculated into 50mL of medium in a 250mL flask
and cultured at 30oC for 24h in a shaking condition
of 120 rpm. The culture broth was then inoculated
into 100mL of medium in a 250mL conical flask by
5% inoculums size and cultured at 30oC for 6days
in static condition. To increase the yield of BC, the
medium was optimized by the following steps. The
glucose, fructose, sucrose, lactose and galactose
were chose as carbon resources and the effect of
different carbon resource on yield of BC was
investigated. Under the condition of the
concentration being 30g/L, what was the optimal
carbon resource was verified. After that, the
concentration of the optimal nitrogen resource was
studied. The yeast extract, beef extract, peptone,
and tryptone were selected as nitrogen resources
and the effect of different nitrogen resource on the
yield of BC was studied when the total
concentration of nitrogen carbon resource was
10g/L. The content of the total nitrogen resource
was studied after it was confirmed. Afterwards,
the trace element was considered as an influence
factor, and Ca2+, Mg2+, Fe2+,Cu2+, Zn2+, Na+, Cl- ,K+,
SiO3

2- and SO4
2-were involved in this study.

Optimition of fermentation conditions
The initial pH of broth could influence

the growth of strain and further the production of
BC in fermentation process. The pH from 5.5 to 6.5
with a 0.1 step was selected to study the effect of
the initial pH on the yield of BC. Gluconacetobacter
xylinus could grow lushly between 25 oC and 35 oC.
Therefore, 25oC, 28oC, 30oC and 35 oC were selected
as testing point, and the impact of temperature on
the production of BC was investigated.
Analysis of BC

When the fermentation process was
terminated, the BC containing cells was treated
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with a lot of water to dislodge the impurities on the
surface and weighed (Wwet), and then soaked into
1 mol/L sodium hydroxide solution for 24 h. After
that, the material was put into 1 mol/L fresh sodium
hydroxide solution boiled for 15-20min, flushed
repeatedly, then placed in 1% acetic acid for 10min
and washed with water again and again. The
material was freeze-dried and weighed (Wdry). The
yield of BC was calculated as Wdry. Water holding
capacity was calculated as:

The cellulose was cut into oblong pieces
after freeze-drying. The samples were fixed on test
board. A Tensile Strength Tester 062 (Lorentzen
&Wettre, Sweden) was used to analyze the tensile
strength of cellulose.

The cellulose was cut into small pieces
after freeze-drying. Dried specimens were mounted
on aluminum studs and coated with a gold/
palladium alloy under high vacuum conditions.
Specimens were examined using a Quanta 200
scanning electron microscope (FEI, Netherlands)
to observe the micro-structure of cellulose surfaces.

FT-IR spectra of freeze-dried BC was
recorded on a VECTOR 22 (Bruker, Germany) in
absorption mode in the range of 4000–450 cm-1.
Twenty scans were performed to establish
accuracy.

RESULTS AND DISCUSSION

Isolation and identification of the strain from
vinegar culture

In the past studies, many strains had been
isolated and identified as capable of producing
cellulose19, 20. Eight strains producing BC were
isolated from vinegar culture and the strain with
the greatest production was preserved in Tianjin
university of science & technology’s center of
culture collection(TCCC) and was indexed TCCC
10025. On the basis of its morphological
observation and physiological and biochemical
tests, the cellulose-producing strain was classified
as the genus of Gluconacetobacter sp., the result
was in Fig.1 and Table1. Afterwards it was identified
by 16S rDNA complete sequence analysis. The
base sequence submitted to GeneBank was 1377bp.

The similarity was examined and a phylogenetic
tree was created. The isolated strain exhibited a
high similarity value (99.8%) and a closest distance
to Gluconacetobacter xylinus in the phylogenetic
tree. Therefore, the cellulose-producing strain
isolated from vinegar culture was identified as
Gluconacetobacter xylinus.
Effect of carbon resource

The carbon resource is important for the
growth of strain and the production of BC, which
is composed of glucoses. In this study, glucose,
fructose, sucrose, lactose and galactose were
selected as carbon resource and the concentration
was 30g/L. The other compositions in medium were
10g/L peptone, 6g/L yeast extract, 5g/L Na2HPO4,
1g/L sodium citrate, pH6.8, 121oC holding 20 min.
The Gluconacetobacter xylinus TCCC 10025 was
inoculated into 50mL of the basic medium in a
250mL flask at 28oC for 24h; 5% of broth was
inoculated into 100mL of adjusted medium in a
250mL flask at 28oC for 6days.Obtained celluloses

Table1. Physiological and biochemical properties
of Gluconacetobacter
xylinus TCCC 10025

Items Result

Gram Faerbung -
Catalase test +
Formation of acetic acid from ethanol +
Oxidation of acetate -
Oxidation of lactate -
Formation of ketone from glycerol +
Formation of ketone from glucose +
Metabolization of malonic acid -
Formation of acid from sorbitol -
Formation of acid from maltose -
Formation of acid from mannitol -
Metabolization of arabinose +
Main ubiquinone type Q10
Growth in Frateu's Hoyer -

Table 2. Effect of different carbon resource

Carbon Yield of BC OD600
resource (g/L)

Glucose 1.662±0.051 0.235±0.011
Sucrose 2.284±0.033 0.403±0.012
Lactose 1.266±0.032 0.274±0.011
Fructose 1.099±0.022 0.321±0.009
Galactose 0.858±0.022 0.197±0.010
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were handled, freeze-dried and weighted. As shown
in Table2, the yield was the highest when the
sucrose was selected as the carbon resource and
reached 2.284±0.033g/L. The sucrose was
decomposed into glucose and fructose in microbial
cells, and the producing fructoside was utilized by
microbial cells, however, the producing glucoside
was used to assemble BC on the cell membrane.
This process was more conductive to produce

cellulose, because the activation reaction of
glucose was needless. The lactose was
decomposed into glucoside and the activation
reaction of glucose did not come in the assembling
process. Nevertheless, the yield of BC was lower
using lactose than sucrose as carbon resource.
The cells were assemblers and the cell number
revealed the assembling speed to some extent and
this is consistent with Table2. It is evident that the

Fig.5. Effect of the total concentration of nitrogen
resource on yield of BC

Fig. 4. Effect of ratio of yeast extract and tryptone on
yield of BC

Fig.3. Effect of different nitrogen resource on yield of BCFig.2. Effect of concentration of sucrose on yield of BC

Fig.1.  Feature of Gluconacetobacter xylinus TCCC 10025
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fructose was better metabolized than glucose by
Gluconacetobacter xylinus TCCC 10025.

After sucrose was selected as carbon
resource, the effect of its concentration on yield of
BC was studied. The concentration of sucrose was
from 15 to 100g/L, with the interval of 5g/L between
15 and 50g/L, and with the step size of 10g/L

between 50 and 100g/L, the other fermentation
conditions were the same with described above.

As shown in Fig.2, when the
concentration of sucrose was low (10-40g/L), the
output of BC and the cell concentration almost
had no change. However, when the concentration
of sucrose exceeded 40g/L, the output of BC and

Fig.11. FTIR spectra of BC

Fig.9. Effect of temperature on the yield of BCFig.8. Effect of pH on the yield of BC

Fig.7. Effect of adding ethanol and/or acetic acidFig.6. Effect of trace elements on the yield of BC

Fig.10.  SEM images of BC(10000×)



J PURE APPL MICROBIO, 8(3), JUNE 2014.

1912 ZHANG et al.:  PRODUCTION OF BACTERIAL CELLULOSE BY G. xylinus

cell concentration increased while sucrose
concentration raised. Then the output of BC
maximized 5.858±0.029g/L when the concentration
of sucrose was 70g/L, after that it went down
quickly with the concentration of sucrose raising
continually. One possible reason could be thae
the strain was intolerance to high sucrose
concentration. The result indicated that the harvest
of BC was related to the concentration of cell.
Effect of nitrogen resource

The nitrogen resource is important for the
growth of cells. For different nitrogen sources, the
effect of the concentration on yield of BC was
investigated. The medium contained 70g/L sucrose,
5g/L Na2HPO4, 1g/L sodium citrate and 10g/L
nitrogen resource (Yeast extract, beef extract,
peptone, tryptone) and pH6.8, 121oC holding 20
min. The Gluconacetobacter xylinus TCCC 10025
was inoculated into 50mL of the basic medium in a
250mL flask at 30oC for 24h; 5% --of broth was
inoculated into 100mL of adjusted medium in a
250mL flask at28oC for 6days; obtained celluloses
were handled, freeze-dried and weighted.

As shown in Fig.3, when yeast extract or
tryptone were chose as nitrogen resource, the
outputs of BC were 4.211±0.115 g/L and
4.567±0.120g/L respectively which are higher than
others. In order to maintain the diversity of nitrogen
source, tryptone and yeast extract were selected
as nitrogen sources and the total concentration of
nitrogen resource was kept at 10g/L, however the
ratio of tryptone and yeast extract was changed.
The result (Fig.4) indicated that the output was
highest when the ratio of tryptone and yeast extract
was 1.

After tryptone and yeast extract with the
ratio 1 were selected as nitrogen resources, the
effect of the total concentration of nitrogen
resources on the yield of BC was considered. The
total nitrogen concentration was from 3g/L to 30
g/L with 3g/L step value. The other compositions
in medium were 70g/L sucrose , 5g/L Na2HPO4, 1g/
L sodium citrate, pH6.8, 121oC holding 20 min. As
shown in Fig.5, the yield of BC was highest
reaching 6.014±0.15 g/L when the total
concentration of nitrogen resource was 18g/L.
Effect of trace elements

It has been demonstrated that the trace
elements play an important role in the fermentation
process of the lipase (M.M.D Maia et al.,2001) and

the poly(²-hydroxybutyric acid) ( Enrico Grothe et
al.,1999). In an occasional experiment, the obvious
increase in the yield of BC was observed when the
tap water was chose as diluents. Therefore the
effect of trace elements which was considered as
an important factor on the yield of BC was
discussed. Three groups of trace elements were
selected to study the performance and the medium
was 70g/L sucrose, 5g/L Na2HPO4, 1g/L sodium
citrate, 9g/L tryptone, 9g/L Yeast extract, and 1mL
trace elements solution, pH6.8, 121oC holding 20
min. As shown in Fig.6, the output of BC changed
when the trace elements were added to the medium,
the production of group a decreased group b
almost did not change, and group c gave the
highest result.

The result indicated that Ca2+ and SiO3
2-

played the role of promoting production of BC and
Fe2+, Mg2+, Zn2+, Cu2+, and SO4

2- had almost no
influence on the production of BC, but Cl- maybe
restrain the production of BC. When 0.9% NaCl
was added into medium, the membrane of BC did
not form though cultivated statically for 10days
and the output was very low (the result was not
shown). The results (the production was increased
when adding Ca2+ and SiO3

2- into medium) in this
study will transform the other fermentation process
and improve the production. It has a certain
significance.
Effect of adding ethanol and/or acetic acid

It was reported that the output of BC
would increase if the ethanol and/or acetic acid
were added into the medium4, 21. As shown in Fig.
7, the yield of BC reduced when the ethanol and/or
acetic acid were added into medium. This result
was different with other researchers22.
Effect of the initial pH

Gluconacetobacter xylinus had been
shown acid tolerance and could grow at pH as low
as 3.55. Verschuren et al.reported that it was ideal
for the development of cellulose under pH 4.0 to
pH5.0 16. In this study, pH from 5.5 to 6.5 was
selected as condition for considering production
of BC, and there was no BC formation at pH5.4 and
the lower even after cultured for 10 days. The result
in Fig.8 indicated that the initial pH 6.0 in the
medium was in favor of the yield of BC. The
Gluconacetobacter xylinus TCCC 10025 developed
fast at pH6.0; the pH declined sharply with the
growing of cell and the BC began spawning at pH
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5.0, therefore a large number of cells were generated
firstly and then the BC production occurred in the
fermentation process. The cells grew fast at pH6.0,
however the cellulose began to boom at pH5.0 and
the lower.
Effect of temperature

The temperature was an important factor
is the growth of cell and production of metabolin.
In this study, different temperature (25 oC, 28 oC, 30
oC and 35 oC ) were selected as different culture
temperature for cultivating the strain. The medium
was 70g/L sucrose, 5g/L Na2HPO4, 1g/L sodium
citrate, 9g/L tryptone, 9g/L Yeast extract, and trace
element c, pH6.8, 121oC holding 20 min. As shown
in Fig.9, the strain can produce more cellulose at
28 oC than other temperature. The laboratory
finding was different with other researchers4, 17, 23.
Characteristic of BC

The cellulosic film produced by
Gluconacetobacter xylinus TCCC 10025 in a static
culture was located on the surface of the culture
broth and became thicker with the increased
culture time24 According to the method in 2.4, the
wet and dry films of BC were obtained; the water
holding capacity and the tensile strength were
tested. The water binding capacity of wet film was
138±31% and the strength of dry film was
1.91±3MPa at 10mm/min tensile speed.

Morris discussed the combinative
gelation mechanism of two component systems,
and envisioned three possible models for the
combinative gelation of active polymers able to
form a network structure. Model I was an
interpenetrating network, formed by active
polymers that were structurally cooperative
because of the weaving of the two networks.
Model II was a phase-separated network in which
two parallel networks existed due to the
incompatibility of the two active polymers. Model
III was a coupled network cross-linked between
two active polymers. A cellulose network
consisting of nano-scale cellulose was surveyed
in the scanning electron micrograph of the BC
produced by Gluconacetobacter xylinus TCCC
10025. As shown in Fig. 10, the SEM micrograph
was typical of BC. The cellulose ribbons and
network were similar to that had reported23. The
FT-IR was employed to further evaluate the
microstructure of BC produced by

Gluconacetobacter xylinus TCCC 10025. As shown
in Fig.11, almost all functional groups and bonds
were same with Huang H.C.21 in the FTIR spectra
of BC. The main peakes in the fingerprint region
were almost the same as BC. The region 3600-
3000cm-1 was correspond to O-H stretching
frequencies and the peak was 3347cm-1 in the
spectrum. Therefore, the above-mentioned SEM
micrograph and FT-IR spectrum confirmed that the
cellulose produced by Gluconacetobacter xylinus
TCCC 10025 was pure cellulose and free of any
other impurities.

CONCLUSION

A strain, named Gluconacetobacter
xylinus and numbered TCCC 10025, that can
produce BC in quantity was isolated from vinegar
culture and identified by physiological and
biochemical test and 16S rDNA complete
sequencing analysis. When cultivated in a static
culture, the medium was optimized to improve the
yield of BC. The sucrose as carbon resource was
more adaptive than other saccharide and the optimal
nitrogen resource was 9g/Lyeast extract and 9g/L
tryptone. When the trace elements were added into
the medium, the yield of BC was increased; adding
Ca2+, SiO3

2- and Mg2+  into medium were thought to
be beneficial to the production of BC, however the
mechanism involved in increasing BC producing
still needs to be elucidated. The yield of BC was
not increased when ethanol and/or acetic acid were
added into medium. It is advantageous for cell
growing and BC producing when the initial pH
was adjusted to 6.0 and the culture temperature
was 28oC in fermentation process. The film
produced by Gluconacetobacter xylinus TCCC
10025 was proved to be bacterium cellulose with
the SEM and FT-IR methods analysis.

ACKNOWLEDGEMENTS

The financial support of the Tianjin
science and technology plan project (Science and
technology innovation fund for small and medium-
sized enterprises NO. 11ZXCXGX16300) and the
Laboratory Open Foundation of TUST (No.
1304A304) are gratefully acknowledged.



J PURE APPL MICROBIO, 8(3), JUNE 2014.

1914 ZHANG et al.:  PRODUCTION OF BACTERIAL CELLULOSE BY G. xylinus

REFERENCES

1. Jonas, R., Farah, L.F. Production and application
of microbial cellulose. Polym. Degradation Stab.,
1998; 59(1):101-6.

2. Yamada, Y., Hoshino, K., Ishikawa, T. The
phylogeny of acetic acid bacteria based on the
partial sequences of 16S ribosomal RNA: the
elevation of the subgenus Gluconoacetobacter
to the generic level. Biosci., Biotechnol.,
Biochem., 1997; 61(8):1244-51.

3. Ra, S., Ct, S., Arkansas, S., Strain, A.V., Strain,
L.A. Validation of the publication of new names
and new combinations previously effectively
published outside the IJSB. Int. J. Syst. Bacteriol.,
1992:327-9.

4. Park, J., Park, Y., Jung, J. Production of bacterial
cellulose byGluconacetobacter hansenii PJK
isolated from rotten apple. Biotechnology and
Bioprocess Engineering, 2003; 8(2):83-8.

5. Lapuz, M.M., Gallardo, E.G., Palo, M.A. The
nata organism: cultural requirements,
characteristics and identity. Philippine Journal
of Science, 1967; 96(2):91-111.

6. Gallardo De Jesus, E., Andres, R.M., Magno,
E.T. study on the isolation and screening of
microorganisms for production of diverse-
textured nata. Philippine J Sci, 1973.

7. Zugenmaier, P. Conformation and packing of
various crystalline cellulose fibers. Prog. Polym.
Sci., 2001; 26(9):1341-417.

8. Ross, P., Mayer, R., Benziman, M. Cellulose
biosynthesis and function in bacteria. Microbiol.
Rev., 1991; 55(1):35-58.

9. Klemm, D., Schumann, D., Udhardt, U., Marsch,
S. Bacterial synthesized cellulose — artificial
blood vessels for microsurgery. Prog. Polym.
Sci., 2001; 26(9):1561-603.

10. Thomas, S. A review of the physical, biological
and clinical properties of a bacterial cellulose
wound. J. Wound Care, 2008; 17(8):349.

11. Czaja, W., Krystynowicz, A., Bielecki, S., Brown
Jr, R.M. Microbial cellulose—the natural power
to heal wounds. Biomaterials, 2006; 27(2):145-
51.

12. Toyosaki, H., Kojima, Y., Tsuchida, T., Hoshino,
K.-I., Yamada, Y. et al: The characterization of
an acetic acid bacterium useful for producing
bacterial cellulose in agitation cultures : the
proposal of Acetobacter xylinum subsp.
sucrofermentans subsp. nov, 41. Tokyo,
JAPON: Microbiology Research Foundation,
1995

13. Chao, Y., Ishida, T., Sugano, Y., Shoda, M.

Bacterial cellulose production by Acetobacter
xylinum in a 50-L internal-loop airlift reactor.
Biotechnol. Bioeng., 2000; 68(3):345-52.

14. Schramm, M., Hestrin, S. Factors affecting
Production of Cellulose at the Air/ Liquid
Interface of a Culture of Acetobacter xylinum.
J. Gen. Microbiol., 1954; 11(1):123-9.

15. White, D.G., Brown Jr, R.M. Prospects for the
commercialization of the biosynthesis of
microbial cellulose. Cellulose and wood-
chemistry and technology. Wiley, New York,
1989; 573.

16. Verschuren, P.G., Cardona, T.D., Nout, M.J.R.,
De Gooijer, K.D., Van Den Heuvel, J.C. Location
and limitation of cellulose production by
Acetobacter xylinum established from oxygen
profiles. J. Biosci. Bioeng., 2000; 89(5):414-9.

17. Jagannath, A., Kalaiselvan, A., Manjunatha, S.S.,
Raju, P.S., Bawa, A.S. The effect of pH, sucrose
and ammonium sulphate concentrations on the
production of bacterial cellulose (Nata-de-coco)
by Acetobacter xylinum. World J. Microbiol.
Biotechnol., 2008; 24(11):2593-9.

18. Xia, O.H.J.S.M. Optimization of Medium for
Fermentation Process of Bacterial Cellulose [J].
Food and Fermentation Industries, 2003; 1:004.

19. Ma, X., Wang, R.-M., Guan, F.-M., Jia, S.-R.
Effects of Fermentation Conditions on
Biosynthesis of Bacteria Cellulose by
Acetobacter xylinum. Liquor-making Science &
Technology, 2005; 1:006.

20. Moonmangmee, S., Kawabata, K., Tanaka, S.,
Toyama, H., Adachi, O., Matsushita, K. A novel
polysaccharide involved in the pellicle formation
of Acetobacter aceti. J. Biosci. Bioeng., 2002;
93(2):192-200.

21. Huang, H.-C., Chen, L.-C., Lin, S.-B., Hsu, C.-
P., Chen, H.-H. In situ modification of bacterial
cellulose network structure by adding interfering
substances during fermentation. Bioresour.
Technol., 2010; 101(15):6084-91.

22. Kongruang, S. Bacterial Cellulose Production by
Acetobacter xylinum Strains from Agricultural
Waste Products. Appl. Biochem. Biotechnol.,
2008; 148(1-3):245-56.

23. Huang, H.-C., Chen, L.-C., Lin, S.-B., Chen,
H.-H. Nano-biomaterials application: In situ
modification of bacterial cellulose structure by
adding HPMC during fermentation. Carbohydr.
Polym., 2011; 83(2):979-87.

24. Borzani, W., Souza, S. Mechanism of the film
thickness increasing during the bacterial
production of cellulose on non-agitaded liquid
media. Biotechnol. Lett., 1995; 17(11):1271-2.


