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Synthesis and Characterization of Bacterial Cellulose
Gel with Oriented Fibril Alignment
on Silicone-Based Template
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This dissertation consists of 5 chapters described mainly on the development and the
formation of bacterial cellulose gel with oriented fibril alignment by using several types of
template/molds in static cultivation.

Bacterial cellulose (BC) is a form of cellulose with unoriented microfibril network structure
produced by bacteria such as Acefobacter xylinum (A. xylinum). Though identical in chemical
composition, structure and mechanical properties such as high tensile strength and modulus, high
water holding capacity, high moldability, high crystallinity and high biocompatibility of the BC
differs from those of plant cellulose. Since it has been discovered by Brown in 1886, great
development of BC has been obtained. Various techniques to produce BC in large scale beside
traditional static cultivation have been invented such as internal loop air lift reactor, stirred
fermentor, and the rotating biological contactor (RBC). Furthermore, factors affecting growth of
BC also have been intensively investigated by researchers to obtain excellent properties BC which
can be applied in many fields. So far, BC has been widely used in foods, in acoustic diaphragms
for audio speakers and headphone, and for making unusually strong paper. Currently, BC also has
received much attention in medical, pharmaceutical and prosthetic applications such as wound
dressings, artificial skin, artificial blood vessel, special membrane, culture substrate for
mammalian cells, and scaffold for tissue engineering of cartilages.

Being concerned on its structure, production of the BC gel with well-oriented fibril
alignment could give benefit as substitute materials in medical and pharmaceutical applications. It
is already well known that formation of highly oriented structure can improve the performance of
materials. For example, oriented structure improves the stiffness and strength of crystalline
polymers compared with un-oriented materials. To date, limited attempts have been carried out to
make an oriented BC fibrils during cultivation of bacterium Acetobacter by adding chemicals,
such as lipid and polysaccharides, or by using a surface with oriented polysaccharides chains.

Results of these attempts are found only localized fibril orientation in BC. Moreover, it is still
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unclear to explain the orientation process of the BC fibril. Therefore, there is a need to construct a
new method to create a BC with well-oriented fibril.

In our investigation, BC gel with oriented fibril has been produced by using a novel one-pot
method on polydimethylsiloxane (PDMS) substrate. A. xylinum, ATCC 53582 was used as
cellulose producer, and Hestrin and Schramm medium was used as culture medium to obtain BC
gel. In this work, we discovered that BC gel produced on an oxygen permeable substrate of PDMS
shows strong birefringence with colorful images, indicating a liquid crystal-like structure.
Furthermore, we found that uni-axially oriented BC gels can be obtained by culturing the BC on
the PDMS with ridged morphology. The degree of orientation of BC gels, as revealed by the
birefringence, increased with the decrease in the ridge size of the PDMS substrate, and reached a
maximum at a ridge size of 4.5um, about the contour length of the bacteria cells, where BC gels
showed the highest birefringence (4n), the highest fracture stress (o), highest swelling degree (g),
the lowest elastic modulus (£), and the thickest BC fibril. The fracture strength o of the uni-axially
oriented BC gel under elongation was 4.6 MPa, which was 2.3 times higher than that of BC-air (o
=2 MPa).

Another investigation related to the orientation of BC fibril has been done on a curvature
surface. In this work, we used a simple technique by using tube type mold such as silicone tube to
synthesize tube-shape BC gel with oriented fibril alignment. We found that a desired in length,
inner diameter and thickress of BC-tube gel ‘with uni-axially oriented fibril alignment can be
obtained by culturing the BC in oxygen permeable silicone tube with inner diameter less than 8
mm. The orientation direction of the BC fibrils followed the lengthwise of the silicone tube
direction that did not depend on the gravity and oxygen availability, morphology of inner surface
of silicone tube, but depends on the curvature of silicone tube. The degree of orientation, 4n, of
BC-tube gels, as revealed by the birefringence, increased with the decrease in inner diameter of
silicone tube. The BC-tube type with uni-axially oriented fibril structure has excellent mechanical
properties and is a promising material that can be used as micro-vessel or a soft tissue material in
medical and pharmaceutical applications.

All above the method shows that well oriented fibril of BC are created on a
ridges-polydimethylsilaxone and also in a silicone tube. It is concluded that by covering surface of
culture medium with oxygen permeable materials (which mean the culture medium) will not
directly contact with air could induce the fibril orientation of BC. We hope this invention will
provide a new insight not only into the method to create oriented fibril but also into the creation
and the development of biomaterials which can be used in wide range application suchi as medical

or pharmaceutical field.
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