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Abstract

To manufacture a high-quality and appropriate standard product its
structure and manufacturing procedure must be controlled. Biomaterials have
several features including biocompatibility, applicability and effectiveness in
different environments; however, there are some limitations associated with
development. Bacterial cellulose (BC) achieved from Gluconacetobacter /
Acetobacter Xylinum is a highly crystalline and mechanically stable
nanopolymer. BC establishes unique properties containing high-water
holding and elevated porosity, high mechanical strength and superior
crystallinity. Its properties make it a very useful biomaterial in various
processes. However, its physical features (dimension) are challenging and
are supposed to be controllable, manageable and invariable in repetitive
experiments. Therefore, in this paper, a convenient method of BC fabrication
is introduced using Shake regulates. Examining the results of measuring and
charting behavior, the effectiveness of this method has been proven. This
technique obtains several advantages consisting of invariable BC thickness
and interchangeable samples in recapitulation investigations.
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Introduction

Science and technology has a tendency to further utilizing renewable
raw materials (Peciulyte et al. 2015; Tsouko et al. 2015), which are
biocompatible with environment friendly and sustainable resources (Jmel et
al. 2016; Carpenter et al. 2015; Reddy, Yang 2015). Undoubtedly, one of
them is cellulose and cellulose derivatives which are of growing importance
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for the development and application of polymer materials (Usov et al. 2015;
Zhong et al. 2015; Carpenter et al. 2015). This development has led cellulose
research and application to be known widely all over the world in the last
two decades (Usov et al. 2015). Therefore, some researchers concentrated on
increasing the current knowledge of polymer chemistries (Bougrini et al.
2015; Figueiredo et al. 2015) and organic especially in the chemistry of low
molecular weight carbohydrates (Sulej et al. 2015; Peciulyte et al. 2015).
Moreover, polysaccharides are basically investigated for oriented application
on the scope of cellulose (Al-Shorgani et al. 2016; Li et al. 2016).
Furthermore, various researchers have investigated the interdisciplinary
interaction between physics, biology, medicine, pharmacy, material science
and chemical engineering (Smith-Moritz et al. 2015; Sulej et al. 2015;
Bougrini et al. 2015).

As a consequence of this expanding development, complex structures
of cellulose and cellulose derivatives in the solid state and in solution form
have been obtained. In the following, it can be seen that the biosynthesis and
in-vitro synthesis of cellulose have been developed in the cellulose reactivity,
reaction control, selective syntheses, and regarding supermolecule structure
formation (Gongalves et al. 2015; Lee et al. 2015; Smith-Moritz et al. 2015).
These achievements include the fast progression of polysaccharide
instrumental analysis and a deeper understanding about the relation between
product structure, reaction conditions, and application-oriented properties.
Accordingly, it has been workable for improving new types of cellulose
esters and ethers as “polymers of the future” (Klemm et al. 2005).

Cellulose biosynthesis knowledge has caused the fundamental
changes so that cellulose is accepted as a raw material (Jiang et al. 2016; Pan
et al. 2016). In fact, efforts are mostly focused on purification and sequence
cellulose synthase. Moreover, these efforts are dedicated to the associated
proteins for producing a reproducible cell-free system which is capable of
generating crystalline cellulose. (Saini et al. 2016)

Cellulose biosynthesis faced a new phenomenon gene that makes a
significant difference (Sulej et al. 2015; Smith-Moritz et al. 2015).
Undoubtedly, genes modify cellulose biosynthesis in outstanding cellulose-
forming organisms such as trees, cotton crops, and bacteria. However, this
introducing generates various types of cellulose for pulp, paper, building
materials, textiles, and other fields of application. Klemm believed that if
cellulose-forming bacteria could be cultivated on a large technical scale, the
demand for cellulose could be satisfied entirely by this source in the future
(Klemm et al. 2005).

The species of bacteria which produce cellulose is generally called
Acetobacter xylinum, although bacteria with different names are often used
in literature (Zendehbad 2015; Li et al. 2015; Erbas Kiziltas et al. 2015).
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Simple in nature, the categories of bacteria are discovered, for mention in
rotten fruits or vegetables as more than thirty cases have been reported
(Jozala et al. 2014). The reason why the microorganisms generate cellulose
has been a question of biologists. The aerobic bacteria fabricate pellicle to
maintain their position near to the surface of culture solution (Saini et al.
2016). On the other hand, the bacteria generate cellulose to protect
themselves from ultraviolet illumination (Bet-moushoul et al. 2015; Iguchi et
al. 2000).

Bacterial cellulose (BC) has interested a significant number of
researchers due to its academic purpose in addition to captivating
commercial sectors owing to its various applications in pharmacy (Huang et
al. 2013), biotechnology (Sulej et al. 2015), biomedical science (Gao et al.
2016; Tsalagkas et al. 2016), electro-conductivity (Babaev et al. 2012; Guo
et al. 2013; Li et al. 2012) and other scopes in biomaterial science.
Particularly, the motivation of such interests can be found in simple
production of a fully biobased cellulosic material which has specific
properties (Shilin Liu, Jinping Zhou 2013). These mechanical properties
consist of high-tensile strength and modulus (Scionti 2010), high purity,
water-binding capacity (Roy et al. 2012; Numata et al. 2015), and ultra-fine
network structure (Shao et al. 2015; Zendehbad 2015).

Generally, Bacterial cellulose microfibrils properties have been found
to be useful as reinforcing agents in composite materials (Saini et al. 2016;
Fijatkowski et al. 2015). Moreover, the Raman spectroscopy technique
(RST) of the Young’s modulus for BC’s single filament presents 130-140
GPa (Eichhorn et al. 2010).

Many strains of bacteria control the ability to manufacture cellulose
at the surface of a medium embracing nitrogen and carbon as the food
source. These include Sarcina (Lee et al. 2012), Agrobacterium (Huang et al.
2013), Rhizobium (Gea et al. 2011), and Acetobacter (Zendehbad 2015).
Rémling et al. believed that the rod-shaped and Gram-negative Acetobacter
xylinum are the only species capable of fabricating cellulose in widespread
commercial quantities. On that ground, methods of producing BC have
rapidly been developed aiming at improving yield, structure (R6mling,
Galperin 2015), and other desired physical properties (Usov et al. 2015; Li et
al. 2015).

On the other hand, other related sources to bacterial cellulose have
been also investigated such as various production manners (Lee et al. 2012),
pH level (Shao et al. 2015), the medium used for culture (Kirdponpattara et
al. 2015), and the source of nitrogen / phosphate for A. xylinum as food
sources (Gea et al. 2011). Doubtless, the purification of cellulose is a crucial
factor in the fabrication of cellulose products (Carpenter et al. 2015; Tsouko
et al. 2015). Practically, this technique is intended for displacing all the
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unsought residual insoluble lignin and additional chemicals bound to the
cellulose fibers which are processing and converting into a compound.
Consequently, various approaches and different chemicals have been used to
fabricate high-quality bacterial cellulose (Atwa et al. 2015).

The laboratory bacterial culture of cellulose-formation is an attractive
approach to pure cellulose for both polymer science and organic chemistry
(Peciulyte et al. 2015). The cellulose biosynthesis covers plants, fungi, algae,
bacteria as well as Acetobacter, Achromobacter spp. and Acanthamoeba
(Lakhundi et al. 2015; Atwa et al. 2015).

Approaches to controlling the molar mass /mass distribution, and the
supramolecular structure have been found through selecting substrates,
cultivation conditions, various additives, and eventually the bacterial strain.
Therefore, there is an opportunity to control the cellulose properties, and
biosynthesis mean such as Kinetics, yield, and other metabolic products
(Feng et al. 2012; Ul-Islam et al. 2012).

Practically, among the cellulose-forming bacteria,
Acetobacter/Gluconacetobacter strains are especially applicable to the
fabrication and investigation of cellulose (Yang et al. 2014; Zendehbad
2015). These gram-negative (Legnani et al. 2008) and strictly aerobic
bacteria from straight, ellipsoidal, or slightly bent rods, which are recognized
on naturally grown both fruits and their products. Strains of Acetobacter
xylinus / Gluconacetobacter xylinus species yield extracellular cellulose
(Yang et al. 2014; Li et al. 2015). Moreover, this production is easily isolated
as fiber material. Generally, a biofilm whose thickness can be changed is
constructed under static immersed cultivation conditions (Klemm et al.
2011). It assists the colonized bacteria to support a high volume of oxygen
close to the surface. Furthermore, it serves as a protective barrier against
drying, radiation and natural enemies (Pan et al. 2016; Saini et al. 2016).

Glimpse into research shows that functional nanocomposites or
nanohybrids based on biopolymers, and nanometer-scale fillers are of
scientific and highly-developed interest owing to their bio functionality and
notable performance improvement (Saini et al. 2016; Martinez Avila et al.
2014). Bacterial cellulose (BC) has a crystalline nano-/microfibril structure,
which contains excellent mechanical properties (Feng et al. 2012; Numata et
al. 2015). As shown in table 1 BC suits as a reinforcing agent for some
productions such as papers and fibers made from glass, carbon, phenol resin,
and silicon in small gquantities (5%). (Numata et al. 2015; Scionti 2010)
Moreover, according to its high modulus of elasticity in combination with a
large internal loss factor, it is also a distinguished material for producing
headphone and loudspeaker membranes (Wang et al. 2011).
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Tensile Strength Young’s Modulus Elongation

Material [MPa] [GPal [%]
bacterial cellulose (BC) 200-300 15-35 1.5-2.0
cellophane 20-100 2-3 15-40
polypropylene (PP) 30-40 1-15 100-600
polyethylene 50-70 3-4 50-300

terephthalate
Table 1 Comparison mechanical properties, Bacterial cellulose and other organic layer
materials

One of the major topics in production from renewable feed stock is
producing high value-added materials from residual stream's origination
(Reddy, Yang 2015). This is an interesting possibility and could be an
integral part of existing pulp mills and lignocellulosic bio-refineries. In this
category, bacterial cellulose (BC) has been identified as a nanostructured
material provided by varying species of acetic acid bacteria (Huang et al.
2015; Huang et al. 2013). However, this natural polymer has attracted
significant attention on account of its properties such as biocompatibility,
high-tensile strength, excellent water-holding capacity and crystallinity
(Klemm et al. 2011; Huang et al. 2013; Zendehbad 2015).

In other views, commercial applications of bacterial cellulose have
been rapidly developed over the past few years (Wang et al. 2011; Muller et
al. 2011). Accordingly, reference can be identified as extend the use of
biological materials such as proteins, cell cultures and microorganisms to
product for temporary skin and tissue replacement. The following can be
cited to Bio fill, Bioprocess, Gengiflex and additives in the production of
lattices and paper (Ul-Islam et al. 2012; Shilin Liu, Jinping Zhou 2013).

The objectives of this research is to examine and evaluate how
appropriate is shake regulates for production of BC. It also aims to
investigate the possibility to control the production of BC with different
layers. In addition, we investigated the metabolic preferences of the
bacterium, Acetobacter /Gluconacetobacter xylinum, used for the production
of bacterial cellulose.

Methods

Materials

In this study, strains of A. xylinum for the production of BC were
supplied by the Microbiology Laboratory of the Huazhong University of
Science and Technology, Wuhan China. The chemicals used for the culture
medium were glucose, peptone, disodium phosphate, citric acid and yeast
extract. In the purification process, sodium hydroxide, sodium hypochlorite
and distilled water were used to assist the growth of the bacteria.

Sample preparation
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Preparation of BC pellicle

The culture medium for the production of BC was prepared via the
procedure reported by (Zendehbad 2015). Gluconacetobacter xylinum
(ATCC53582) was used for the biosynthesis of BC. For every litre of
distilled water 2% (wt) glucose, 0.5% (wt) yeast extract, 0.5% (wt) peptone,
0.27% (wt) disodium phosphate, and 0.15% (wt) citric acid and the
bacterium cultured in a Hestrin and Schramm (HS) medium were added.
This culture medium was autoclaved at 121° C for 2 h and cooled to room
temperature.

Treatment of BC pellicle

This medium was divided and poured into the pipes which are
selective of several kinds of tubes and flasks in different group times. In this
work, the number of glass tubes was used for experiments was 100 tubes of
70* 20mm sizes; whereas, the value and volume of them are measured.
Then, we added the suitable culture with specific value and wait for
incubating statically for specific number of days at 26 °C. All samples were
investigated daily and were recorded by the time subsequently (Zendehbad
2015). After harvesting, the BC membranes were dipped into distilled water
for two days, and later keep in a 1 wt% NaOH solution for 30 min to
eliminate bacteria and proteins. Afterwards, the BC membranes were
purified through washing in distilled water various times, and were then
stored in it at 4° C.

Processing of shake regular

The traditional method of preparing bacterial cellulose was
mentioned above (Klemm et al. 2005) in which this process served as a
control method during our investigation. Our previous experiment
(Zendehbad 2015) was supposed to analyze time effect in BC process. It was
presented in the same conditions. Therefore, here, the focus was on shake
effect on the process. After 7days, it was found out that there was a thin
membrane (layer) above liquid and sticking to the inside of the glass tube
(figure 1).
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Figure 1:The bacterial cellulose preparation: according to the days, the BC membrane
thickness is increased. (1d, 2d, 10d) (Zendehbad 2015)

The process was going when test tube was shaken slowly until the
membrane was gotten free from the tube well and was immersed in the
medium (figure 2). Then, all the target tubes were put back in the ordinary
place and were kept for the next seven days. This method was expected to
continue for selective test tubes while other tubes were in constant condition
and normal situation.

Figure 2: Bacterial cellulose under treatment, control thickness of membrane, From left to
right: after one shake, without shake, after two shakes
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Characterization

The morphology of the bacterial cellulose pellicle was investigated
using an optical microscope. Advanced microscopy techniques (AMT) were
exploited for the characterization of cellulose structure and cellulose-
cellulose interactions and some instrumentations. After removing BC from
solution we measure the weight and thickness of each membrane. Actually,
using an optical microscope we were able to investigate the surface of BC;
however, a scanning electron microscope (SEM) and X-ray diffraction
(XRD) were mostly used for the deep survey of them.

Results and discussion

Figure 1 shows several kinds of BC membranes in terms of time.
Mainly, plant cellulose is naturally bound with some materials such as lignin,
hemicellulose and other chemicals while BC fortunately is of relative high-
purity and is not bound with other chemicals (Gea et al. 2011). According to
these properties, it is expected that the purification process used for this
study would be different from purification process of plant cellulose. In fact,
the purification process aimed to remove the remaining organic material part,
whereas, this is a food supply for the microbes in the medium. BC was
fabricated, besides, we investigated shake effect on its growth behavior
(figure 2). Principally we made a standpoint to shake regularly and record
effective outcomes. As it is shown in figure 2, the number of layers depends
on shake times in a suitable growth time. Further, the shake effect is an
important factor when there is a thin and visible layer sticking to the inside
of the glass tube.
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Figure 3 Behavior of BC under air and shake control
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However, we measured the thickness of each membrane from
selective test tubes and found that the sum of thickness size was equal.
According to the database and daily recorders, one graph was achieved to
identify behavior of bacterial cellulose membrane during this process. Figure
3 shows the graph which depicts slow BC growth movement before, and
after shake effect while the control samples were naturally growth. The main
point for all specimens is the constant conditions and materials. Certainly, in
this method, we reproduced from initial membrane to another using regular
shakes. Moreover, we can say two membranes are from one family.

Conclusion

The laboratory bacterial culture of cellulose-formation is an attractive
approach to obtaining pure cellulose for both polymer science and organic
chemistry. Although it is practical to control the supramolecular structure or
the molar mass distribution through selecting substrates, cultivation
conditions, various additives and bacterial strain, its dimension (size and
shape) is disputed and must be controllable and invariable in repetitive
experiments. As it was, even though we fabricated bacterial cellulose using
the common approach, we reproduced new BC's membrane from another
one. This laboratory method helps to provide the same quality and quantity
of bacterial cellulose samples which is an essential factor in an experiment.
Our study approach has several advantages such as interchangeable samples,
invariable BC thickness and cost variables in recapitulation investigations.

Acknowledgements

We thank Prof. Hongwei Han of Wuhan National Laboratory for
Optoelectronic and Prof. Yang Guang of Huazhong University of Science
and Technology for their assistance in performing the conductivities'
experiments. And we thank analytical and testing center, Huazhong
University of Science and Technology, Wuhan, China.

Abbreviations

BC: Bacterial cellulose; G. xylinus: Gluconacetobacter xylinus; A.
xylinus: Acetobacter xylinus; SEM: Scanning electron microscope; AMT:
advanced microscopy techniques; XRD: X-ray diffraction; RST: Raman
spectroscopy technique.

References:

Al-Shorgani, Najeeb Kaid Nasser; Isa, Mohd Hafez Mohd; Yusoff, Wan
Mohtar Wan; Kalil, Mohd Sahaid; Hamid, Aidil Abdul (2016): Isolation of a
Clostridium acetobutylicum strain and characterization of its fermentation

33



performance on agricultural wastes. In Renewable Energy 86, pp. 459-465.
DOI: 10.1016/j.renene.2015.08.051.

Atwa, NagwaA; EI-Diwany, Ahmedl; El-Saied, Houssni; Basta, AltafH
(2015):  Improvement in  bacterial cellulose  production using
Gluconacetobacter xylinus ATCC 10245 and characterization of the
cellulose pellicles produced. In Egypt Pharmaceut J 14 (2), p. 123. DOI:
10.4103/1687-4315.161286.

Babaev, a. a.; Khokhlachev, P. P.; Nikolaev, Yu. a.; Terukov, E. I.; Freidin,
a. B.; Filippov, R. a. et al. (2012): Nanocomposite based on modified
multiwalled carbon nanotubes: Fabrication by an oriented spinning process
and electrical conductivity. In Inorganic Materials 48 (10), pp. 997-1000.
DOI: 10.1134/S0020168512090026.

Bet-moushoul, E.; Mansourpanah, Y.; Farhadi, Kh.; Tabatabaei, M. (2015):
TiO2 nanocomposite based polymeric membranes: a review on performance
improvement for various applications in chemical engineering processes. In
Chemical Engineering Journal 283, pp. 29-46. DOl:
10.1016/j.cej.2015.06.124.

Bougrini, Madiha; Florea, Anca; Cristea, Cecilia; Sandulescu, Robert;
Vocanson, Francis; Errachid, Abdelhamid et al. (2015): Development of a
novel sensitive molecularly imprinted polymer sensor based on
electropolymerization of a microporous-metal-organic framework for
tetracycline detection in honey. In Food Control 59, pp. 424-429. DOI:
10.1016/j.foodcont.2015.06.002.

Carpenter, Alexis Wells; De-Lannoy, Charles Francois; Wiesner, Mark R.
(2015): Cellulose Nanomaterials in Water Treatment Technologies. In
Environmental Science & Technology 49 (9), pp. 150402111029006. DOI:
10.1021/es506351r.

Eichhorn, S. J.; Dufresne, A.; Aranguren, M.; Marcovich, N. E.; Capadona,
J. R.; Rowan, S. J. et al. (2010): Review: current international research into
cellulose nanofibres and nanocomposites. In J Mater Sci 45 (1), pp. 1-33.
DOI: 10.1007/s10853-009-3874-0.

Erbas Kiziltas, Esra; Kiziltas, Alper; Gardner, Douglas J. (2015): Synthesis
of bacterial cellulose using hot water extracted wood sugars. In
Carbohydrate polymers 124, pp. 131-138. DOI:
10.1016/j.carbpol.2015.01.036.

Feng, Yiyu; Zhang, Xuequan; Shen, Yongtao; Yoshino, Katsumi; Feng, Wei
(2012): A mechanically strong, flexible and conductive film based on
bacterial cellulose/graphene nanocomposite. In Carbohydrate polymers 87
(1), pp. 644-649. DOI: 10.1016/j.carbpol.2011.08.039.

Figueiredo, Ana R.P.; Silvestre, Armando J.D.; Neto, Carlos Pascoal; Freire,
Carmen S.R. (2015): In situ synthesis of bacterial cellulose/polycaprolactone

34



blends for hot pressing nanocomposite films production. In Carbohydrate
polymers 132, pp. 400-408. DOI: 10.1016/j.carbpol.2015.06.001.
Fijatkowski, Karol; Zywicka, Anna; Drozd, Radostaw; Niemczyk, Agata;
Junka, Adam Feliks; Peitler, Dorota et al. (2015): Modification of bacterial
cellulose through exposure to the rotating magnetic field. In Carbohydrate
polymers 133, pp. 52-60. DOI: 10.1016/j.carbpol.2015.07.011.

Gao, Xing; Shi, Zhijun; Kusmierczyk, Piotr; Liu, Changging; Yang, Guang;
Sevostianov, Igor; Silberschmidt, Vadim V. (2016): Time-dependent
rheological behaviour of bacterial cellulose hydrogel. In Materials Science
and Engineering: C 58, pp. 153-159. DOI: 10.1016/j.msec.2015.08.019.
Gea, Saharman; Reynolds, Christopher T.; Roohpour, Nima; Wirjosentono,
Basuki; Soykeabkaew, Nattakan; Bilotti, Emiliano; Peijs, Ton (2011):
Investigation into the structural, morphological, mechanical and thermal
behaviour of bacterial cellulose after a two-step purification process. In
Bioresource technology 102 (19), pp. 9105-9110. DOI:
10.1016/j.biortech.2011.04.077.

Goncalves, Sara; Padrdo, Jorge; Rodrigues, Inés Patr\’icio; Silva, Jodo
Pedro; Sencadas, V\"itor (2015): Bacterial Cellulose As A Support For The
Growth Of Retinal Pigment Epithelium. In Biomacromolecules 16 (4),
pp. 1341-1351. DOI: 10.1021/acs.biomac.5b00129.

Guo, Chuigen; Zhou, Lin; Lv, Jianxiong (2013): Effects of expandable
graphite and modified ammonium polyphosphate on the flame-retardant and
mechanical properties of wood flour-polypropylene composites. In Polymers
and Polymer Composites 21 (7), pp. 449-456. DOI: 10.1002/app.

Huang, Jin; Chen, Youli; Chang, Peter R. (2015): Surface Modification of
Cellulose Nanocrystals for Nanocomposites. In Vijay Kumar Thakur, Amar
Singh Singha (Eds.): Surface Modification of Biopolymers. Hoboken, NJ:
John Wiley & Sons, Inc, pp. 258-290.

Huang, Lin; Chen, Xiuli; Nguyen, Thanh Xuan; Tang, Huiru; Zhang,
Liming; Yang, Guang (2013): Nano-cellulose 3D-networks as controlled-
release drug carriers. In Journal of Materials Chemistry B 1 (23), p. 2976.
DOI: 10.1039/c3tb20149j.

Iguchi, M.; Yamanaka, S.; Budhiono, A. (2000): Bacterial cellulose—a
masterpiece of nature's arts. In Journal of Materials Science 35 (2), pp. 261-
270. DOI: 10.1023/A:1004775229149.

Jiang, Jinhui; Hu, Yonghua; Tian, Zhenfeng; Chen, Kaibo; Ge, Shaolin; Xu,
Yingbo et al. (2016): Development of a rapid method for the quantification
of cellulose in tobacco by 13C CP/MAS NMR. In Carbohydrate polymers
135, pp. 121-127. DOI: 10.1016/j.carbpol.2015.08.084.

Jmel, Mohamed Amine; Ben Messaoud, Ghazi; Marzouki, M. Nejib;
Mathlouthi, Mohamed; Smaali, Issam (2016): Physico-chemical
characterization and enzymatic functionalization of Enteromorpha sp.

35



cellulose. In  Carbohydrate polymers 135, pp.274-279. DOI:
10.1016/j.carbpol.2015.08.048.

Jozala, Angela Faustino; Pértile, Renata Aparecida Nedel; dos Santos,
Carolina Alves; Carvalho Santos-Ebinuma, Valéria de; Seckler, Marcelo
Martins; Gama, Francisco Miguel; Pessoa, Adalberto (2014): Bacterial
cellulose production by Gluconacetobacter xylinus by employing alternative
culture media. In Applied microbiology and biotechnology 99 (3), pp. 1181-
1190. DOI: 10.1007/s00253-014-6232-3.

Kirdponpattara, Suchata; Khamkeaw, Arnon; Sanchavanakit, Neeracha;
Pavasant, Prasit; Phisalaphong, Muenduen (2015): Structural modification
and characterization of bacterial cellulose-alginate composite scaffolds for
tissue engineering. In Carbohydrate polymers 132, pp. 146-155. DOI:
10.1016/j.carbpol.2015.06.059.

Klemm, Dieter; Heublein, Brigitte; Fink, Hans-Peter; Bohn, Andreas (2005):
Cellulose: fascinating biopolymer and sustainable raw material. In
Angewandte Chemie (International ed. in English) 44 (22), pp. 3358-3393.
DOI: 10.1002/anie.200460587.

Klemm, Dieter; Kramer, Friederike; Moritz, Sebastian; Lindstréom, Tom;
Ankerfors, Mikael; Gray, Derek; Dorris, Annie (2011): Nanocelluloses: A
new family of nature-based materials. In Angewandte Chemie - International
Edition 50 (24), pp. 5438-5466. DOI: 10.1002/anie.201001273.

Lakhundi, Sahreena; Siddiqui, Rugaiyyah; Khan, Naveed (2015): Cellulose
degradation: a therapeutic strategy in the improved treatment of
Acanthamoeba infections. In Parasit Vectors 8 (1), p.23. DOI:
10.1186/s13071-015-0642-7.

Lee, Byoung-ho; Kim, Hyun-joong; Yang, Han-seung (2012):
Polymerization of aniline on bacterial cellulose and characterization of
bacterial cellulose/polyaniline nanocomposite films. In Current Applied
Physics 12 (1), pp. 75-80. DOI: 10.1016/j.cap.2011.04.045.

Lee, Su Yeon; Bang, Sumi; Kim, Sumi; Jo, Seong Yeon; Kim, Bum-Chul;
Hwang, Yunjae; Noh, Insup (2015): Synthesis and in vitro characterizations
of porous carboxymethyl cellulose-poly(ethylene oxide) hydrogel film. In
Biomaterials Research 19 (1), p. 12. DOI: 10.1186/s40824-015-0033-3.
Legnani, C.; Vilani, C.; Calil, V. L.; Barud, H. S.; Quirino, W. G.; Achete,
C.a. et al. (2008): Bacterial cellulose membrane as flexible substrate for
organic light emitting devices. In Thin Solid Films 517 (3), pp. 1016-1020.
DOI: 10.1016/j.tsf.2008.06.011.

Li, Liang; Liang, Bo; Shi, Jianguo; Li, Feng; Mascini, Marco; Liu, Aihua
(2012): A selective and sensitive D-xylose electrochemical biosensor based
on xylose dehydrogenase displayed on the surface of bacteria and multi-
walled carbon nanotubes modified electrode. In Biosensors & bioelectronics
33 (1), pp. 100-105. DOI: 10.1016/j.bios.2011.12.027.

36



Li, Xianghong; Liu, Yongle; Li, Na; Xie, Ding; Yu, Jian; Wang, Faxiang;
Wang, Jianhui (2016): Studies of phase separation in soluble rice
protein/different polysaccharides mixed systems. In LWT - Food Science and
Technology 65, pp. 676-682. DOI: 10.1016/j.Iwt.2015.08.064.

Li, Zheng; Wang, Lifen; Hua, Jiachuan; Jia, Shiru; Zhang, Jianfei; Liu, Hao
(2015): Production of nano bacterial cellulose from waste water of candied
jujube-processing industry using Acetobacter xylinum. In Carbohydrate
polymers 120, pp. 115-119. DOI: 10.1016/j.carbpol.2014.11.061.

Martinez Avila, Héctor; Schwarz, Silke; Feldmann, Eva-Maria; Mantas,
Athanasios; Bomhard, Achim von; Gatenholm, Paul; Rotter, Nicole (2014):
Biocompatibility evaluation of densified bacterial nanocellulose hydrogel as
an implant material for auricular cartilage regeneration. In Applied
microbiology and biotechnology 98 (17), pp. 7423-7435. DOI:
10.1007/s00253-014-5819-z.

Miiller, D.; Rambo, C. R.; Porto, L. M.; Barra, G. M. O. (2011): Chemical in
situ polymerization of polypyrrole on bacterial cellulose nanofibers. In
Synthetic Metals 161 (1-2), pp. 106-111. DOI:
10.1016/j.synthmet.2010.11.005.

Numata, Yukari; Sakata, Tadanori; Furukawa, Hidemitsu; Tajima, Kenji
(2015): Bacterial cellulose gels with high mechanical strength. In Materials
Science and Engineering: C 47, pp. 57-62. DOI:
10.1016/j.msec.2014.11.026.

Pan, Yuanfeng; Xiao, Huining; Cai, Pingxiong; Colpitts, Meaghan (2016):
Cellulose fibers modified with nano-sized antimicrobial polymer latex for
pathogen deactivation. In Carbohydrate polymers 135, pp. 94-100. DOI:
10.1016/j.carbpol.2015.08.046.

Peciulyte, Ausra; Karlstrom, Katarina; Larsson, Per Tomas; Olsson, Lisbeth
(2015): Impact of the supramolecular structure of cellulose on the efficiency
of enzymatic hydrolysis. In Biotechnology for biofuels 8 (1), p. 56. DOI:
10.1186/513068-015-0236-9.

Reddy, Narendra; Yang, Yiqi (Eds.) (2015): Innovative Biofibers from
Renewable Resources. Berlin, Heidelberg: Springer Berlin Heidelberg.
Rémling, Ute; Galperin, Michael Y. (2015): Bacterial cellulose biosynthesis:
diversity of operons, subunits, products, and functions. In Trends in
Microbiology 23 (9), pp. 545-557. DOI: 10.1016/j.tim.2015.05.005.

Roy, Aparna; Chakraborty, Sumit; Kundu, Sarada Prasad; Basak, Ratan
Kumar; Majumder, Subhasish Basu; Adhikari, Basudam (2012):
Improvement in mechanical properties of jute fibres through mild alkali
treatment as demonstrated by utilisation of the Weibull distribution model. In
Bioresource technology 107, pp. 222-228. DOI:
10.1016/j.biortech.2011.11.073.

37



Saini, Seema; Yicel Falco, Cigdem; Belgacem, Mohamed Naceur; Bras,
Julien (2016): Surface cationized cellulose nanofibrils for the production of
contact active antimicrobial surfaces. In Carbohydrate polymers 135,
pp. 239-247. DOI: 10.1016/j.carbpol.2015.09.002.

Scionti, Giuseppe (2010): Mechanical Properties of Bacterial Cellulose
Implants Mechanical Properties of Bacterial Cellulose Implants.

Shao, Wei; Liu, Hui; Liu, Xiufeng; Sun, Haijun; Wang, Shuxia; Zhang, Rui
(2015): pH-responsive release behavior and anti-bacterial activity of
bacterial cellulose-silver nanocomposites. In International Journal of
Biological Macromolecules 76, pp. 209-217. DOI:
10.1016/j.ijbiomac.2015.02.048.

Shilin Liu, Xiaogang Luo; Jinping Zhou (2013): Cellulose - Medical,
Pharmaceutical and Electronic Applications. Edited by van de Ven, Theo
G.M.: InTech. Available online at
http://www.intechopen.com/books/cellulose-medical-pharmaceutical-and-
electronic-applications.

Smith-Moritz, Andreia M.; Hao, Zhao; Fernandez-Nifio, Susana G.; Fangel,
Jonatan U.; Verhertbruggen, Yves; Holman, Hoi-Ying N. et al. (2015):
Structural characterization of a mixed-linkage glucan deficient mutant
reveals alteration in cellulose microfibril orientation in rice coleoptile
mesophyll cell walls. In Frontiers in Plant Science 6, p.628. DOI:
10.3389/fpls.2015.00628.

Sulej, Justyna; Janusz, Grzegorz; Osinska-Jaroszuk, Monika; Rachubik,
Patrycja; Mazur, Andrzej; Komaniecka, Iwona et al. (2015): Characterization
of Cellobiose Dehydrogenase from a Biotechnologically Important Cerrena
unicolor Strain. In Applied Biochemistry and Biotechnology 176 (6),
pp. 1638-1658. DOI: 10.1007/s12010-015-1667-2.

Tsalagkas, Dimitrios; Lagana, Rastislav; Poljansek, lda; Oven, Primoz;
Csoka, Levente (2016): Fabrication of bacterial cellulose thin films self-
assembled from sonochemically prepared nanofibrils and its characterization.
In Ultrasonics Sonochemistry 28, pp. 136-143. DOI:
10.1016/j.ultsonch.2015.07.010.

Tsouko, Erminda; Kourmentza, Constantina; Ladakis, Dimitrios; Kopsahelis,
Nikolaos; Mandala, loanna; Papanikolaou, Seraphim et al. (2015): Bacterial
Cellulose Production from Industrial Waste and by-Product Streams. In
International Journal of Molecular Sciences 16 (7), pp. 14832-14849. DOI:
10.3390/ijms160714832.

Ul-Islam, Mazhar; Khan, Taous; Park, Joong Kon (2012): Nanoreinforced
bacterial cellulose—-montmorillonite composites for biomedical applications.
In  Carbohydrate  polymers 89  (4), pp.1189-1197. DOI:
10.1016/j.carbpol.2012.03.093.

38



Usov, Ivan; Nystrom, Gustav; Adamcik, Jozef; Handschin, Stephan; Schitz,
Christina; Fall, Andreas et al. (2015): Understanding nanocellulose chirality
and structure—properties relationship at the single fibril level. In Nature
Communications 6, p. 7564. DOI: 10.1038/ncomms8564.

Wang, Wei; Zhang, Tai-Ji; Zhang, De-Wen; Li, Hong-Yi; Ma, Yu-Rong; Qi,
Li-Min et al. (2011): Amperometric hydrogen peroxide biosensor based on
the immobilization of heme proteins on gold nanoparticles-bacteria cellulose
nanofibers nanocomposite. In Talanta 84 (1), pp.71-77. DOI:
10.1016/j.talanta.2010.12.015.

Yang, Xiao-Yan; Huang, Chao; Guo, Hai-Jun; Xiong, Lian; Luo, Jun; Wang,
Bo et al. (2014): Bacterial Cellulose Production from the Litchi Extract by
Gluconacetobacter Xylinus. In Preparative biochemistry & biotechnology.
DOI: 10.1080/10826068.2014.958163.

Zendehbad, S. Morteza (2015): Controllable Fabrication of BC Based on
Time Growth 4 (5), pp. 299-302. DOI: 10.11648/j.ijjmsa.20150405.14.
Zhong, Tuhua; Oporto, Gloria S.; Jaczynski, Jacek; Jiang, Changle (2015):
Nanofibrillated Cellulose and Copper Nanoparticles Embedded in Polyvinyl
Alcohol Films for Antimicrobial Applications. In BioMed Research
International 2015, pp. 1-8. DOI: 10.1155/2015/456834.

39



