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ABSTRACT 

Bacterial nanocellulose (BNC) has displayed significant advantages over 

cellulose obtained from plants due to the absence of lignin, hemicellulose, pectin and 

other contaminating materials of animal origin. Hence, it possesses a high degree of 

purity, crystallinity index, and biocompatibility. In this study, nanocellulose-

producing bacteria were isolated from the environmental samples and screened for 

their ability to produce nanocellulose. The best among the selected bacteria were 

identified and characterised using 16S rRNA gene sequences analysis. 

Physicochemical factors affecting BNC production were identified using One-Factor-

At-a-Time (OFAT). Statistical optimization of the BNC production was carried out 

using Central Composite Design (CCD). Purification of the BNC was achieved using 

0.1 M NaOH at 80 °C. The BNC dried film was characterised to determine its 

morphological, structural, chemical and thermal properties. Furthermore, biomedical 

application of BNC for transdermal delivery of crocin as a model drug using vertical 

Franz cells diffusion was determined and presented. The isolated bacterium was able 

to produce nanocellulose on the surface of the culture medium under static condition 

at 30 °C. Maximum concentration of 4 g/L of dried BNC was obtained at the end of 

the fermentation. The bacterium was identified as Gluconacetobacter sp. BCZM 1 by 

16S RNA gene sequencing method using universal 27F and 1492R primers. Based on 

OFAT study, the pH, temperature, incubation time, and inoculum size were the 

significant factors affecting BNC production by the bacterium. CCD analysis 

conducted on the significant factors showed optimum condition for BNC production 

with a maximum BNC concentration of 6.7 g/L. The regression model of the ANOVA 

was found to be significant with p<0.0001 and R2 value of 0.9963. Characterization of 

the dried BNC membranes based on Fourier transformed infrared (FTIR) spectrum 

showed strong absorption peaks at 3335.36 and 2901.40 cm-1 representing band 

signature for pure nanocellulose. Scanning electron microscopy (SEM) revealed its 

morphological characteristics as an interwoven network structure. Thermogravimetric 

(TG) analysis had confirmed the BNC produced was thermally stable with degradation 

temperature above 340 °C. Analysis on BNC-crocin film showed a uniform 

distribution of the crocin into the BNC membranes. Dissolution studies on the BNC-

crocin film displayed significant release of crocin (80-90 %) into the phosphate buffer 

solution within 40 minutes. Diffusion studies conducted with Franz cells showed that 

the incorporation of crocin into the BNC membrane provided a slow release pattern 

with an average flux of 0.53 µg cm-2 min-1. Moreover, the production and purification 

steps adopted had displayed significant influence on BNC unique properties. The high 

swelling ratio of 33.47 for BNC dry film had indicated a high water absorbing capacity 

as an important quality for wound dressing materials. The release profile and simple 

preparation and incorporation of drug – loaded (BNC-crocin) membranes clearly 

indicated the potentials of using BNC membranes for transdermal application of the 

active compound. The findings of the current research have revealed the potential of 

local bacteria for the efficient production of BNC as a value added product with wider 

biotechnological potential and suitable for biomedical applications. This will further 

offer a robust platform for future direction in the area of research and innovations 
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ABSTRACT 

Nanoselulosa bakteria (BNC) telah menunjukkan kelebihan yang ketara 

berbanding nanoselulosa tumbuhan disebabkan oleh ketiadaan lignin, hemiselulosa, 

pektin dan bahan-bahan tercemar dari sumber haiwan. Oleh itu, ia mempunyai tahap 

ketulenan yang tinggi, indeks kehabluran, dan biokeserasian. Dalam kajian ini, 

bakteria penghasil nanoselulosa telah diasingkan dari sampel alam sekitar dan disaring 

untuk kebolehan penghasilan nanocellulosa. Bakteria terasing yang terbaik yang 

dipilih telah dikenal pasti dan dicirikan menggunakan analisis urutan gen 16S rRNA. 

Faktor fizikokimia yang mempengaruhi pengeluaran BNC telah dikenal pasti 

menggunakan Satu Faktor Pada Satu Masa (OFAT). Pengoptimuman statistik bagi 

penghasilan BNC telah dijalankan menggunakan Reka Bentuk Komposit Sentral 

(CCD).  Penulenan BNC dicapai menggunakan 0.1 M NaOH pada 80 °C. Filem BNC 

yang kering dicirikan berdasarkan sifat morfologi, struktur, kimia dan haba. Selain itu, 

penggunaan BNC dalam bioperubatan untuk penghantaran transdermal krosin sebagai 

model ubatan yang menggunakan penyebaran sel Franz menegak telah ditentukan dan 

dipersembahkan. Bakteria yang terpencil itu menghasilkan nanoselulosa sebagai 

lapisan gelatin putih di permukaan media penapaian pada keadaan statik pada 30 °C. 

Kepekatan maksimum 4 g/L bagi BNC kering diperolehi diakhir penapaian. Bakteria 

itu telah dikenal pasti sebagai Gluconacetobacter sp. BCZM 1 dengan kaedah 

penjujukan gen 16S rRNA menggunakan primer umum 27F dan 1492R. Berdasarkan 

kajian OFAT, pH, suhu, inkubasi dan saiz inokulum adalah faktor yang ketara 

mempengaruhi penghasilan BNC oleh bakterium.Analisis CCD yang dijalankan ke 

atas faktor penting menunjukkan keadaan optimum untuk pengeluaran BNC dengan 

hasil maksimum 6.7 g/L. Model regresi ANOVA didapati ketara dengan nilai p 

<0.0001 dan R2 0.9963. Pencirian membran BNC kering berdasarkan spektrum 

Inframerah Transformasi Fourier (FTIR) menunjukkan puncak penyerapan yang kuat 

pada 3335.36 dan 2901.40 cm-1 mewakili jalur pengenalan untuk nanoselulosa tulen. 

Pengimbasan mikroskop elektron (SEM) menunjukkan ciri morfologinya sebagai 

struktur rangkaian yang bercabang. Analisis Termogravimetrik (TG) telah 

mengesahkan bahawa BNC yang dihasilkan sebagai stabil pada suhu tinggi dengan 

suhu degradasi melebihi 340 °C. Analisis pada filem BNC-krosin menunjukkan krosin 

tersebar secara seragam ke dalam membran BNC. Kajian perlarutan terhadap 

membran BNC-krosin memperlihatkan pembebasan krosin yang ketara (80-90 %) ke 

dalam larutan penimbal fosfat dalam 40 minit. Kajian penyerapan yang dijalankan 

dengan sel Franz menunjukkan bahawa penyebatian taburan krosin ke dalam membran 

BNC telah memberi corak pelepasan yang lambat dengan purata fluks 0.53 µg cm-1 

min-1. Tambahan pula, langkah-langkah pengeluaran dan penulenan BNC telah 

menunjukkan pengaruh yang ketara terhadap sifat unik BNC. Nisbah pengembangan 

yang tinggi iaitu 33.47 untuk filem kering BNC menunjukkan kapasiti penyerapan air 

yang tinggi sebagai kualiti yang penting untuk bahan pembaut luka. Profil pelepasan 

penyediaan mudah dan penggabungan dengan ubat (BNC-krosin) dengan jelas 

menunjukkan potensi menggunakan membran BNC untuk aplikasi transdermal bagi 

komponen aktif. Dapatan dalam kajian ini telah membuktikan potensi bakteria 

tempatan untuk pengasilan BNC yang cekap sebagai produk yang mempunyai 

kelebihan dengan potensi bioteknologi yang luas dan sesuai untuk aplikasi 

bioperubatan. Ini akan terus menawarkan platform yang kukuh dalam bidang 

penyelidikan dan inovasi pada masa hadapan. 
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1 

CHAPTER 1  

 

 

INTRODUCTION 

1.1 Background of the Research 

Cellulose is the most abundant naturally-occurring biopolymer on earth. They 

are characterised as an exopolysaccharides glucose polymer consisting of β-1-4–

glycosidic linkage with various degrees of polymerizations and a chemical structure 

(Chawla et al., 2009). It is frequently isolated from plants as the main reinforcing 

component of their cell walls, which is generally used as raw materials for paper and 

fibres industries (Moon et al., 2011). Cotton linens and wood pulp are the most 

common commercial sources of cellulose. However, cellulose obtained from plant 

sources is still contaminated with non-cellulosic materials/polysaccharides, such as 

hemicellulose and lignin (Abeer et al., 2014). The removal of such materials can be 

achieved using chemical and mechanical processes, which may end up weakening the 

structure and other important properties. This process is therefore, environmentally not 

suitable for cellulose production (Jozala et al., 2016). Thus, it is necessary to find other 

alternative sources for obtaining high purity cellulose (Lestari et al., 2014a). With the 

new development and the emergence of nanotechnology, cellulose has attracted more 

attention in the new form of ‘‘nanocellulose’’ to be used as a novel and advanced 

material in modern biotechnology (Islam et al., 2017). 

Microorganisms belonging to the genera Acetobacter, Gluconacetobacter, 

Achromobacter, Agrobacterium, Athrobacter, Pseudomonas, Rhizobium, and 

Sarcinar can secrete nanocellulose with the same chemical structure and much higher 

crystallinity index and chemical purity than plant nanocellulose (Premjet et al., 2007). 

The nanocellulose obtained from bacteria are generally referred to as bacterial 

nanocellulose (BNC) and represents the purest form of nanocellulose with remarkable 

physical and chemical properties suitable for various industrial applications (Islam, et 

al., 2017). The BNC was first reported as a white gelatinous pellicle, which can grow 
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up to 25 mm thick on the liquid medium while studying acetic acid fermentation. This 

membrane is generated by a bacterium, named Bacterium xylinum, later renamed as 

Acetobacter xylinus, then Gluconacetobacter xylinus. However, a large number of 

research works still refer this organism as G. xylinus or A. xylinus (Yamada et al., 

2012).  

Biosynthesis of nanocellulose in bacteria has long been documented using a 

wide variety of bacteria including soil bacteria (Burkholderia spp.), nitrogen-fixing 

plant symbiont bacteria (Rhizobium leguminosarum), tumour producing 

Agrobacterium tumefaciens and A. xylinus / G. xylinus (Römling and Galperin, 2015; 

Ross et al., 1991). Bacterial synthesis of nanocellulose is an effective and convenient 

way of producing nanocellulose from a practical standpoint for the production of pure 

nanocellulose suitable to be used for biomedical applications and other emerging 

nanotechnologies (Gatenholm and Klemm, 2010; Römling and Galperin, 2015). The 

BNC is synthesized in the form of microfibrils, which are arranged in a 3D web shape 

structure providing high mechanical strength and a porous geometry that is appropriate 

for a broad range of application (Moniri et al., 2017).  

The BNC  has attracted academic and commercial interest owing to its great 

potentials in biotechnology, bio-based packaging, and pharmaceutical as well as 

biomedical industries (Iguchi et al., 2000). It is one of the most abundant, renewable, 

natural biosorbents, and biocompatible polymer characterised by high water holding 

capacity and high surface area allowing the uptake and release of soluble materials 

leading to wide industrial applications. Consequently, good mechanical properties of 

BNC are the reason for such interest in producing a fully bio-based cellulosic polymer 

with high properties, including Young’s modulus, and tensile strength. These 

properties are responsible for the use of BNC as a reinforcing agent in the development 

of composite materials (Gea et al., 2011). The unique chemical and physical properties 

of BNC has made it emerge as a new industrial product with a high degree of purity. 

Hence, BNC does not contain contaminating materials such as lignin, hemicellulose, 

pectin, wax, and other plants components that are difficult to be removed 

(Krystynowicz et al., 2002).  It is similarly worth revealing that while BNC is the 
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‘‘gold standard’’ for nanocellulose as it is formed in the nanometer-scale under 

laboratory controlled conditions by the bacteria (Lee et al., 2014).  

Guhados et al. (2005) have described BNC as a polymer with a high degree of 

crystallinity and excellent physicochemical properties than nanocellulose derived from 

plants. Moreover, these properties have made it an ideal material for a wide range of 

applications (Young-Jung, 2011). Yet, the high water-holding capacity (WHC), web-

like network, and a high degree of polymerization are the added advantages of BNC 

over plant-derived nanocellulose. The absence of non-cellulosic materials in BNC has 

led to the concept of extensive utilizations of BNC after mild refinement of the BNC 

gel produced using aqueous NaOH, for a large number of industrial applications. This 

includes the use of BNC as a biocompatible polymer for self-constructing protective 

packaging materials. This finding won the third prize in the Bayer science vision works 

award in 2007 (Lee, et al., 2014). Most of the studies have investigated cellulose 

nanofibres as a reinforcing agent in thermoplastics. Favier et al. (1995) published the 

first work on isolating nanocellulose whiskers and demonstrated the reinforcing 

potential of cellulose whiskers in nanocomposites. Hence, BNC has displayed added 

advantages as it is more thinner than the plant nanocellulose (Mohite and Patil, 2014). 

The BNC can be used in general as a substitute for plant cellulose (Jonas and 

Farah, 1998). Consequently, practical application in biomedical sciences and other 

biotechnological fields have been developed and still need further exploration (George 

et al., 2005). BNC has been used as wound dressing materials and artificial skin. 

Products include Biofill®, made by a Brazilian company and XCellTM, by an 

American company. Biofill® has been used for artificial skin to treat trophic 

ulcerations on limbs. This material shortened the wound healing time, reduced 

treatment cost and contamination, thereby absorbing wound exudates and eliminating 

pain symptoms. Other physical properties of BNC were reported by Bielecki et al. 

(2005). 

The production of BNC has been receiving great attention in the last decade 

due to its potential application in the industries and other unique properties over plants 

nanocellulose. World production of BNC is highly affected by its demand and cost of 
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production, which is the major concern for industrial-scale production (Bilgi et al., 

2016). There are several patented methods and system for BNC production and other 

published literature in the last decade to understand the major factors affecting BNC 

production. Such factors and condition need to be optimized using available resources 

for the production of high quality and cost-effective BNC with the acceptable yield of 

production to support possible commercialisation (Jozala  et al., 2016). By finding new 

applications for BNC, it is more favourable for the industry to start further exploration 

of BNC production from different sources. Locally isolated bacteria from food and 

agricultural wastes that shows nanocellulose producing potentials are expected to be 

better adapted to the local environments, thereby utilizing the available solid or liquid 

waste for nanocellulose production. There is increasing demand for nanocellulose and 

increase in consumption of wood as raw materials for nanocellulose production from 

plants. This results in deforestation and environmental problems, which could be 

avoided through the cleaner production of nanocellulose by the bacteria under 

controlled laboratory conditions.   

The BNC has the potential to be employed in topical formulations to overcome 

and surpass its reported limitations. Such limitations for topical application include 

lack of drug dose reproducibility due to the loss of material as a result of surface 

contact with the garment. These are associated with the topical application and 

formulation of the drugs and other materials. However, the drugs doses for the topical 

delivery system can be precisely defined by using BNC membranes that can be applied 

to the skin based on its larger surface area, which can accommodate the required dose 

and prevent any loss of the drugs applied (Trovatti et al., 2012). Therefore, it is 

suggested that BNC could be used to represent a biomaterial with an attractive interest 

in cosmetics to serves as an alternative for improvement of patients compliance based 

on oily formulation. Other advantages of using BNC film could be extended to 

transdermal drug delivery systems. Most of transdermal patches that are commercially 

available for the drug delivery are manufactured by superimposition of different 

materials (Padula et al., 2003), and since BNC single or fewer layers can be used as 

the delivery system, this lowers the cost of production and simplifies the preparations. 
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The purpose of this research was to explore and identify new locally isolated 

bacterium with efficient nanocellulose production potentials that could serve as a 

model for BNC production for both research and commercialization. This could further 

reduce the over-dependence on the use of culture isolates from culture collections. 

Despite the high possibility of identifying newly isolated bacteria with the ability to 

produce nanocellulose, most of the research reported in the literature depends on 

culture collections for their isolates used for BNC production. The research further 

determined the optimum conditions using Design of Experiment (DOE) for maximum 

BNC production under static culture condition. The BNC produced will be evaluated 

and characterised to determine its morphological, chemical, structural and other 

properties under different characterization methods. The application of BNC 

membranes for the transdermal delivery of crocin (the major active component of 

Saffron) as a model drug were determined and reported for the first time using Franz 

cells diffusion method. 

1.2 Problem Statement 

The increase in utilization of polymers for biotechnological applications has 

ecological and health implication, especially for environmental and biomedical 

perspective (Gumel et al., 2013). There is rapid increase in demands for nanocellulose-

based materials due to its biotechnological potential. However, the major challenges 

faced by plant nanotechnologists for the exploration of nanocellulose materials from 

plants were focusing on how to reduce the number of harsh acids used in nanocrystal 

preparation and finding an easier recovery method with low energy input for the 

removal of  impurities such as lignin, hemicellulose and pectin. These had limited  

application of plants nanocellulose for biofabrications and transdermal formulations. 

The best approach to overcome problems associated with plant’s nanocellulose 

exploration is the production using microorganisms. Thus, bacteria were found to be 

suitable model for the production nanocellulose with added advantages over plant 

nanocellulose (Charreau et al., 2013; Jozala, et al., 2016). 
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Despite of the bacterial ability for nanocellulose production, the producer 

organisms are yet to be completely exploited, large number of researchers depend on 

the stock culture isolates for nanocellulose production, and hence, there is high 

tendency of isolating new local bacteria with high nanocellulose producing efficiency 

as compared to the existing ones. Fruit wastes are one of the most abundant types of 

wastes commonly found in Malaysia, which were anticipated to support the growth of 

different bacterial isolates of biotechnological importance that can support the global 

production of BNC for scientific and commercial purposes. The current study focused 

on the development of eco-friendly method to provide better substitutes for plant 

nanocellulose exploration, through isolation of local bacteria with efficient 

nanocellulose producing ability in order to supress the over dependence on culture 

isolates for the production of BNC. Optimization of nanocellulose production by the 

isolate will further provide a strong platform to scale up BNC production for 

biomedical and other biotechnological applications. In spite of the potential of BNC 

membrane for the transdermal delivery of active compounds, to date, transdermal 

application of crocin as an active compound with clinical significance using BNC 

membrane has not been studied and reported yet. Hence, this research would therefore 

contribute substantially to enhancing the body of knowledge. 

1.3 Objectives of the Research 

Based on the above-stated problems, this study was specifically designed to 

address the following objectives: 

(a) To isolate and characterize nanocellulose producing bacterium from fruit waste 

samples 

(b) To characterise and optimize BNC production by the isolated bacterium 

(c) To evaluate the potentials of using BNC membranes for the transdermal drug 

delivery using vertical Franz cells diffusion 
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1.4 Scope of the Research 

The scope of this study involved isolating the potential nanocellulose 

producing bacteria locally from environmental waste samples and to determine high 

and efficient nanocellulose producing bacterium using suitable culture medium 

reported in literature (Hestrin and Schramm, 1954a; Jozala et al., 2016; Premjet et al., 

2007; Yamanaka et al., 1989). Nanocellulose production was optimized by varying 

carbon and nitrogen sources, temperatures, pH, incubation period as well as the 

inoculum ratio under static culture condition using one-Factor-At-a- Time (OFAT) and 

Central Composite Design (CCD) methods.  The cellular and colony morphologies of 

potential nanocellulose producing bacteria were analysed. The selected bacterial 

isolate was identified by molecular tools based on 16S rRNA gene analysis. Chemical 

and physical properties of BNC were also determined based on SEM, XRD, TGA and 

FTIR analysis. The potential application of BNC for the transdermal delivery of crocin 

as the model drugs was also determined by Franz cells diffusion. 

1.5 Significance of Research 

Research and innovations will provide a strategic and innovative measure for 

an alternative method of obtaining material from biological entities through 

sustainable and environmentally friendly methods. The use of bacterial biopolymer 

will provide an alternative to plants and other synthetic polymers that can endanger an 

environmentally balanced ecosystem due to deforestation as well as solid waste 

generation. The production of bacterial nanocellulose will help in solving the ever-

increasing demand and pressure imposed on the delicate ecological balance for the 

exploration of nanocellulose from plants materials. The development of an 

ecologically clean method of nanocellulose synthesis is of great interest to solve the 

important problems of biosphere ecology and deforestation. Therefore, this study is in 

line with the National Green Technology policy of Malaysia where conservation and 

minimization of environmental impact are highly encouraged.   
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BNC is one of the most abundant biopolymers produced by several strains of 

Acetic acid bacteria. This polymer is cost-effective and eco-friendly and its nature 

makes it an important alternative to synthetic polymers which are costly and causing 

environmental problems as well as solid waste generation due to its recalcitrant and 

non-biodegradability. It has also been found to have a multitude of applications in 

paper, textile, and food industries. Nowadays it is extensively used as biomaterials in 

cosmetics and medicines. In addition, BNC will serve as suitable raw materials for the 

production of high acoustic speakers, high-quality papers and dessert foods. In view 

of the above, it is, therefore, important to isolate and screen for the bacteria able to 

produce nanocellulose and to further understand the basic, properties,  components and 

structure of BNC and the optimum condition necessary for maximum BNC production. 

1.6 Thesis Organization 

This thesis is divided into 7 different chapters. Chapter 1 consisted of the 

background of the research, problem statement, research objectives, scope and 

significance of the research, which was aimed to highlight the introduction aspect of 

this research work. Chapter 2 consist of a comprehensive literature review based on 

the research topic. The literature review covers the general overviews on nanocellulose 

and major issues related to its application in biotechnology as well as its synthesis by 

bacteria. The general flow chart of the research and the summary of the materials and 

methods are provided in chapter 3. Chapter 4 covered the isolation, characterization 

and molecular identification of nanocellulose producing bacteria using 16S rRNA gene 

sequence analysis. Chapter 5, consist of production, and purification of BNC produced 

by the bacterium. The optimization covers conventional and statistical methods. 

Moreover, different methods for the characterization BNC produced including SEM, 

FTIR, TGA, and XRD were presented in this chapter. The potential application of 

BNC membranes for the transdermal application of crocin using Franz diffusion 

methods was presented in Chapter 6. Finally, the conclusions were presented in 

Chapter 7 and were based on the results obtained from the experiments conducted and 

presented in Chapters 4, 5 and 6. In addition, recommendations for further 
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investigation based on the research vacuums acknowledged during this study were 

mentioned and highlighted in Chapter 7. 
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