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ABSTRACT

This research work is divided into two sections. The first section is
focused on the study of the effect of type of carbon source and additional supplement
in the cultured medium of bacterial cellulose (BC) on its production yield, structure,
and properties. From the results, it was found that the type of carbon source
significantly influenced not only the production yield of bacterial cellulose (BC) but
also its structure and mechanical properties. Also, it can be summarized that except
for glycerol (p > 0.05), other carbon sources, i.e. sucrose, glucose, fructose and
mannitol, used in the culture media of BC resulted in the high mechanical properties
of the BC sheets. In the study of the effect of additional supplements (i.e. pineapple
and coconut juices) in the cultured medium of bacterial cellulose (BC) on the
production yield, it was found that addition of optimum amounts of juices in the
cultured medium of BC positively and significantly affected bacterial cellulose yield
(p > 0.05). The addition of pineapple juice of 30% v/v and coconut juice of 50% v/v
were the optimum amounts providing the highest cellulose productivity at
approximately 2-fold increase in production yield as compared to ‘the control
medium’ (no juice added medium). However, at the higher amounts of juice addition,
the reduction in cell growth and cellulose production was found. Here, the added
juices can create saturated carbon source environment that may directly inhibit cell
activity and subsequently, decrease the cellulose yield. The results suggested that both
supplements can effectively improve the cellulose yield but pineapple juice is a
slightly more effective one.

In the second section, bacterial cellulose nanowhiskers (BCNWs) was
prepared by acid hydrolysis of bacterial cellulose (BC) and then used to reinforce in

the starch-based nanocomposite films. The effect of acid hydrolysis time and pH



adjustment on structure and properties of the obtained BCNWs was investigated. It
was found that the 48 hours acid hydrolyzed BCNWs possessed the highest perfection
of the crystal lattice or crystallinity. Transmission electron microscope (TEM)
revealed that the continuous BC fibre network transformed into the isolated rod-like
nanocrystals of the BCNWs with a diameter and length of averaged 28.18+2.0 nm and
637.61+147.10 nm, respectively. The sulfuric acid treatment leads to a decrease in the
thermal stability of BCNWs confirmed by thermogravimetric analysis (TGA). This is
due to the induced sulfate groups onto the BCNWs’ surface after acid hydrolysis.
Additional pH adjustment by NaOH can significantly improve the thermal stability of
the BCNWs. The pH of BCNWs was adjusted to 3, 5, or 7 and, thereafter,
bionanocomposites of starch-based reinforced with BCNWs of different adjusted pHs
(at contents of 1, 5, 10 wt%) were prepared by film casting technique. With increasing
BCNWs content, the bionanocomposites revealed a significant improvement in their
crystallinity (confirmed by XRD), thermal stability (an increment of 20-30 °C,
confirmed by TGA) and water resistance. The highest water resistance was observed
in the bionanocomposite films reinforced with 10 wt% BCNWs of pH 7. However,
the mechanical properties of the films reinforced with BCNWs of pH 3 and BCNWs
of pH 7 were not found to be entirely enhanced because of a poor interaction between
BCNWs of pH 3 and starch matrix as well as a formation of large aggregates of
BCNWs of pH 7 in the bionaocomposite structures. Nevertheless, the films reinforced
with BCNWs of pH 5 showed a noticeably improvement in the mechanical properties,
the film stiffness in particular. Probably, the optimum dispersion of BCNWs and

sufficient interfacial interaction in this system was obtained.
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