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ABSTRACT

Bacterial cellulose (BC) is a biopolymer with high purity of cellulose and
excellent mechanical properties. Increased interest in the use of natural polymer
makes BC as an excellent alternative for plant cellulose. Furthermore, the
morphology and properties of BC can be easily altered by incorporation with
additives that are not specifically required for the growth of the bacteria in
fermentation media. This unique property of BC opens a new gate for development
of new cellulose composites with desired properties by incorporation of selective
suitable materials. In this research, bacterial cellulose-pyrroline (BC-P) composites
were developed where BC was modified using in-situ technique. 2-acetyl-1-
pyrroline from Pandanus amaryllifolius (pandan) was added into the fermentation
medium of BC at five different concentrations. The impact on the characteristics of
BC-P composites produced and their performance in hexavalent chromium (Cr (V1))
removal from aqueous solution of Cr (VI) were studied. The results showed that the
increase of 2-acetyl-1-pyrroline concentration from 0 to 13 mg/L in the medium
resulted in the increase of wet weight from 18.41 g to 45.85 g and dry weight from
1.31 g to 4.75 g. The physicochemical properties of BC-P composites produced
were studied. For microstructure study using field emission scanning electron
microscopy analysis, all composites showed similar interwoven organized fibrils
network. Small particles of pyrroline could be seen on the fibrils surface where the
particles number increased with the increase of 2-acetyl-1-pyrroline concentration.
Mechanical testing revealed that high concentration of 2-acetyl-1-pyrroline gave
better tensile strength of BC-P up to 48.20 MPa with crystanillity of 85.27%.
Adsorption experiments with aqueous solution of Cr (VI) were carried out where the
results showed proportional removal of Cr (VI) from 58.65% to 83.06% with
increase of 2-acetyl-1-pyrroline concentration. Several factors were studied to obtain
suitable parameter for the adsoption process. In comparison to native BC, BC-P
composites had succesfully achieved up to 87% removal of Cr (VI) from aqueous
solution of Cr (VI). The most suitable conditions for the adsorption using BC-P
composites were at 180 min contact time with adsorbent dosage of 0.25 g, initial Cr
(VI) concentration of 75 g/ml and pH 3. Mathematical modelling for adsorption
kinetics and isotherm were well correlated with the pseudo second-order (R2>O.96)
and the Freundlich isotherm model (R2> 0.99), respectively. In conclusion, addition
of 2-acetyl-1-pyrroline using in-situ technique was successfully proven to be able to
modify the characteristic of BC for producing new BC-P composites. Furthermore,
the ability of BC-P composites as a biosorbent were proven by successfully achieved
up to 87% efficiency of Cr (VI) ions removal from aqueous solution of Cr (VI).
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ABSTRAK

Selulosa bakteria (BC) adalah biopolimer yang mempunyai ketulenan
selulosa yang tinggi dan sifat-sifat mekanikal yang baik. Peningkatan minat terhadap
penggunaan polimer semulajadi menjadikan BC sebagai alternatif terbaik untuk
selulosa tumbuhan. Tambahan pula, morfologi dan sifat-sifat BC dapat diubah
dengan mudah melalui penggabungan dengan bahan tambah yang tidak diperlukan
untuk pertumbuhan bakteria di dalam media fermentasi. Sifat yang unik ini
membuka ruang untuk pembangunan komposit selulosa baru dengan ciri-ciri yang
dikehendaki melalui penambahan bahan-bahan terpilih yang sesuai. Dalam kajian
ini, komposit bakteria selulosa-pirolina (BC-P) telah dibangunkan di mana BC telah
diubah suai menggunakan teknik in-situ.  2-asetil-1-pirolina dari Pandanus
amaryllifolius (pandan) telah ditambah ke dalam medium fermentasi BC pada lima
kepekatan yang berbeza. Kesan penambahan terhadap ciri-ciri komposit BC-P yang
dihasilkan dan prestasi dalam penyingkiran kromium heksavalen (Cr (VI)) daripada
larutan Cr (VI) telah dikaji. Keputusan menunjukkan peningkatan kepekatan 2-
asetil-1-pirolina dari 0 hingga 13 mg/L di dalam medium menyebabkan peningkatan
berat basah daripada 18.41 g kepada 45.85 g dan berat kering daripada 1.31 g
kepada 4.75 g. Sifat-sifat fizikokimia bagi komposit BC-P yang terhasil turut dikaji.
Untuk kajian struktur mikro menggunakan analisis mikroskop elektron imbasan
pancaran medan, semua komposit menunjukkan jalinan rangkaian gentian halus yang
tersusun. Zarah kecil pirolina dapat dilihat pada permukaan gentian halus di mana
bilangan zarah meningkat dengan peningkatan kepekatan 2-asetil-1-pirolina. Ujian
mekanikal menunjukkan kepekatan 2-asetil-1-pirolina yang tinggi memberikan
kekuatan tegangan yang lebih baik sehingga 48.20 MPa dengan kadar kehabluran
sehingga 85.27%. Eksperimen penjerapan dengan larutan Cr (VI) dilakukan di mana
keputusan menunjukkan penyingkiran Cr (VI) meningkat daripada 58.65% hingga
83.06% dengan peningkatan kepekatan 2-asetil-1-pirolina. Beberapa faktor dikaji
untuk mendapatkan parameter yang sesuai untuk proses penjerapan. Berbanding
dengan BC asal, komposit BC-P telah berjaya mencapai sehingga 87% penyingkiran
Cr (VI) daripada larutan cecair Cr (VI). Keadaan yang paling sesuai untuk
penjerapan menggunakan komposit BC-P adalah pada masa sentuhan 180 minit,
dengan dos penjerap 0.25 g, kepekatan awal Cr (VI) 75 g/mL dan pH 3. Pemodelan
matematik menunjukkan proses penjerapan adalah mengikut model pseudo kedua
(R*> 0.96) dan model isoterma Freundlich (R*> 0.99). Kesimpulannya, penambahan
2-asetil-1-pirolina menggunakan teknik in-situ terbukti berjaya dapat mengubah ciri
BC untuk menghasilkan komposit BC-P baharu. Tambahan pula, kebolehan
komposit BC-P sebagai penjerap bio telah berjaya dibuktikan dengan pencapaian
kecekapan sehingga 87% penyingkiran ion Cr (V1) daripada larutan cecair Cr (VI).
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Cellulose from bacteria has more advantages than the cellulose found in
plants. These advantages provide plenty room for the use of the bacterial cellulose
(BC) in various fields. The most significant advantage of the BC compared to plant
cellulose is its purity. The BC from fermentation is produced in a pure form without
lignin and hemicelluloses (Tyagi and Suresh, 2015). It is highly hydrophilic with
high mechanical strength. As BC is 100 percent pure and produced in hydrophilic
matrix forms, its extensive fibrils and high mechanical strength are maintained
throughout the formation. The BC can be produced using different methods and
substrates whereby the properties can be modified based on the application. Soluble
or insoluble particles in the media, such as living cells and chemicals can readily be
incorporated in the growing matrices during the synthesis (Serafica et al., 2002).
These properties open the opportunities in many fields mainly in medical field,

wastewater treatment, paper and also audio industries.



Addition of other materials that are not needed in the growth of bacteria in the
fermentation medium is proven to affect the yield and properties of BC. (Ruka et al.,
2013). This modification was done either by using in-situ or ex-situ techniques
(Shah et al., 2013). Several researchers have shown the ability to improve the
production of BC while others have successfully altered the properties of the
cellulose by adding certain substrates or by manipulating the operating conditions.
For examples, Park er al. (2013) reported that addition of magnetite nanoparticles
and polyaniline enhanced the thermal stability of BC while da Silva et al. (2016)
reported that addition of polyethylene glycol improved hydrophilicity properties of
BC.

This unique ability of BC allowing a series of potential applications as a new
novel BC composite can be produced with modified properties based on its function.
These applications range from high mechanical strength of hydrogel with addition of
genipin (Dayal et al., 2016; Nakayama et al., 2004), incorporation of aloe vera as
wound dressing (Saibuatong and Phisalaphong, 2010), antimicrobial film with
addition of silver nanoparticles (Yang ef al., 2012; Wu et al., 2014) to the use of BC
as membranes such as cellulose acetate membranes reinforced with BC sheet (Gindl
and Keckes, 2004). Development of electromagnetic nanocomposite with
incorporation of magnetite nanoparticles and polyaniline was reported by Park et al.
(2013). Juncu et al. (2015) suggested the novel uses of BC for drug delivery with the
addition of carboxylmethyl cellulose.  Furthermore, Shanshan et al. (2012)
demonstrated that the production of BC membrane in N-methylmorpholine N-oxide

that had better mechanical and barrier properties.

Conservation of the forest, particularly trees, is essential in managing the
global warming. However, excessive use of trees for cellulose-based products such
as paper, biofuels and construction materials have continuously depleting the forest
resources (deforestation) which lead to global warming problem. At the same time,
natural polymers such as cellulose have attracted many attentions due to the effect of
environmental pollution of the synthetic polymer (Pei et al., 2013). Previously,

plant-derived celluloses were widely used. For example, cellulose fibres have been



used as eco-composite plastics in agricultural fields (Gonzalez-Sanchez et al., 2014),

biosorbent for heavy metal removal (O’Connell et al., 2008), nanofiller for biofilm

(Salehudin et al., 2014; Slavutsky and Bertuzzi, 2014), and other newly developed

degradable composites (Piccinno et al., 2015).

However, in recent time, BC is

started to be used because of its excellent and promising properties (Ashori et al.,

2012). Table 1.1 shows the development of BC and its application starting from

dessert or nata in the 1990’s followed by various other applications throughout the

year.

Table 1.1: Development in bacterial cellulose research
Development Details Reference
1950’s Synthesis of cellulose by Acetobacter | Hestrin and
Research on bacterial xylinum Schramm. (1954)
strain, fermentation Improved cellulose production using De Wulf et al.
medium and Acetobacter xylinum mutant (1996)

fermentation condition

Improved production of cellulose with
Acetobacter SP.LMG 1518 in

submerged culture

Vandamme et al.

(1998)

Production of BC from fructose in

continuous culture

Naritomi et al.

(1998)

Optimization of fermentation
condition of Acetobacter xylinum in

shaking culture

Son et al. (2001)

Increased production of BC in
synthetic media under shaking

condition

Son et al. (2003)

Production of BC from persimmon

vinegar

Kim et al. (2006)

1990’s

Research on

characterisation of BC

Mechanical properties of bacterial

sheets

Yamanaka et al

(1989)

Characterisation of BC produced by

Acetobacter pasteurianus strain

Bertocchi et al.
(1997)




Characterisation on mechanical

properties of BC and chitosan blends

Wu et al. (2004)

Microbial cellulose structure in

stationary and agitated culture

Czaja et al. (2004)

Characterisation of water in BC.

Gelin e7 al. (2007)

2000

Research on new

Nata de coco as dessert

Budhiono et al.
(1999)

application of BC Electronic paper displays made from | Shah and Brown
microbial cellulose (2005)
BC as wound healer Czaja et al
(2006)
Antimicrobial films from BC Gao et al. (2014)
BC for skin repair materials Fuetal (2011)
BC as carrier for drug delivery system | Amin et  al
(2012)
2009 Modification of BC using nano aloe | Saibuatong and

Research on

modification of BC and

its application

vera for wound dressing

Phisalaphong
(2010)

Hybrid BC nanocrystals and silver

nanoparticles

George et al
(2014)

Modification of BC using magnetic

field

Fijalkowski et al.
(2015)

Modification of BC - alginate
composites for scaffold in tissue

engineering.

Kirdponpattara et
al. (2015)

Surface modification of BC using
trimethylsilylation ~ for  oil-water

separation

Sai et al. (2015)

Modification of BC structure under

ultrasonic irradiation

Paximada et al

(2016)




Environmentally friendly products are becoming increasingly important.
Therefore, the production of cellulose through microbial pathways is advantageous
due to the ability of the bacteria to produce pure cellulose, devoid of other
contaminating polysaccharides (Jozala et al, 2016). This makes the isolation and
purification steps relatively simple and not requires energy or chemical intensive
processes. The interests for BC in wastewater were proven by several researchers
that successfully produced biosorbent for heavy metal removal from BC and its
composites. Chen et al. (2009) added the carboxymethyl cellulose (CMC) into the
medium in order to produce carboxymethylated BC whereas Wang et al. (2015)
successfully used coated BC for the removal of copper and lead. Modification of BC
with amino group is also capable to remove copper and lead (Lu et al., 2014) while
Zhu et al. (2011) produced spherical BC as adsorbent for chromium, mangan and
lead. There was also a report on the use of BC as an adsorbent for dye removal after

modification with phthalocyanine (Chen and Huang, 2015).

Pandanus amaryllifolius is a tropical plant which is commonly known as
“pandan”. Pandan is widely used in south-east Asian cooking as a flavour. The
characteristic aroma of pandan is mainly caused by the aromatic compound of 2-
acetyl-1-pyrroline (2AP) which gives jasmine rice and basmati rice their typical
smell. The 2AP can be formed by Maillard reactions during heating of food such as
in baked bread (Hofmann and Schieberle, 1998). Laohakunjit and Kerdchoechuen
(2007) reported the pandan leaves as one of the best natural source of 2AP.

The 2AP in pandan had been widely used in food processing industries for
flavouring (Yahya ef al., 2011) and antioxidant (Jong and Chau, 1998; Nor et al.,
2008). However, it was believed that pandan has the ability to remove heavy metals
from wastewater. Abdullah and Loo (2006) reported the use of pandan leaves to
remove plumbum and copper ions while Ngadi et al. (2015) had successfully
removed chromium using hybrid chitosan-pandan as adsorbent. The capability of
pandan as an adsorbent for heavy metal may be due to the presence of cyclic nitrogen
(-N=) and ketone in 2AP structure. This is based on the studies by Birch and
Bachofen (1990) and Le Cloirec et al. (2003) which reported that these two functional



groups are responsible for metal biosorption. Other than that, pandan is also reported
as adsorbent for dye in wastewater (Yahya et al., 2015) and to remove excess

nutrient from nutrient rich water (Han et al., 2014).

1.2 Problem Statement and Hypothesis

BC (BC) has been studied widely and innovations have been developed in
many fields. However in Malaysia, the usage is limited to food industry only. This
may be due to fewer researches on the implementation of BC. The ability of BC to
be easily modified during the synthesis process enables the development of BC
composite for different usage. Therefore, in this research, 2AP from pandan extract
was integrated into BC to produce a BC-P composites for heavy metals removal in

wastewater.

The development of biomaterial-based products started to gain attention as it
has high potential application in many fields such as medical, bioseparation, tissue
engineering and food processing (Liang et al., 2007). In wastewater treatment,
cellulosic materials from various natural sources especially plants were widely
employed as adsorbent (Wei et al, 2015; Hokkanen et al., 2016). The cellulose-
based adsorbent is very suitable to be used as it is cheap, abundant and available
worldwide (O’Connell ef al., 2008). However, the use of trees for the production of
paper and construction materials have continuously depleted the forest resources and
lead to highly needed of cellulose alternative. In this respect, BC can be said as the

best choice to be the alternatives for plant cellulose.

Heavy metals are considered as serious environmental contaminant as it can
be very harmful for human being and environment. Different processes had been

used for treatment of heavy metal in wastewater such as oxidation and reduction,



chemical precipitation, filtration, evaporation, ion exchange and reverse osmosis
(Kikuchi and Tanaka, 2012). However, most of them were less efficient and costly
(Krishnani et al., 2008). Moreover, the production of toxic or chemical sludge from

the accumulation of solid waste makes it non-environmentally friendly (Siet, 2013).

In this context, research on economical approach as alternative for current
method is meaningful. In light of the above, biological materials such as BC has
emerged as an alternative. In this research, modified BC was prepared by
incorporation of 2AP from pandan extract using in-situ technique. The bacterial
cellulose-pyrroline (BC-P) composites were used as biosorbent for Cr (VI) removal
from aqueous solution of Cr (VI). Using in-situ technique offers simpler and faster
way for producing BC composites.  Moreover, since BC and pandan are
biodegradable, natural and very abundant on earth, the current work provides an
alternative for sustainable and cheaper materials for heavy metal removal in

wastewater treatment.

1.3 Objectives of the Study

The main objective of this study was to investigate the potential of in-situ
modification method during fermentation for producing bacterial cellulose-pyrroline
(BC-P) composites and its performance as biosorbent for heavy metal removal from

wastewater. This involved several specific objectives which are:

1. To develop and produce BC-P composites by incorporating 2AP from pandan
extract into native BC using in-situ modification method.

2. To characterise the properties of BC-P composites produced

3. To investigate the adsorption performance of heavy metal from aqueous

solution of Cr (VI) using developed BC-P composites.



14 Scope of the Study

The scopes of the research works is comprised of 3 different objectives as
mentioned in section 1.3. In order to achieve the objectives of this study, the work

will include the following scopes.

1. To extract the 2AP from pandan using maceration technique. Using this
method, dried pandan leaves were soaked in hot water as a solvent.

2. To identify and quantify the presence of 2AP in the extracts. Pandan extract
was sent to Gas Chromatography-Mass Spectrophotometer (GC-MS) for
identification of 2AP while the quantification of 2AP in the extracts was done
using Gas Chromatography — Flame ion detector (GC-FID).

3. To produce BC-P composite through in-situ modification with different 2AP
concentration using static fermentation. Analysis were done in order to study
the effects of different 2AP concentration to the cellulose weight, appearance,
sugar content in the medium and bacterial growth in the medium.

4. To characterise the properties of the BC-P composites using FESEM, FTIR,
mechanical test and study the effect of different 2AP concentration to BC-P
composites properties

5. To determine the optimum conditions for effective removal of Cr (VI) as
heavy metal ion in aqueous solution of Cr (VI). One-factor-at-time approach
was used to study the effect of 2AP concentration, contact time, initial
concentration of adsorbate, pH and adsorbent dosage to Cr (VI) removal.

6. To determine the model of Cr (VI) removal using BC-P composites by
adsorption isotherm and kinetics study. Two models were selected for
adsorption isotherm which was Langmuir and Freudlich Model while for

adsoption kinetics, Pseudo first and second order Model were used ..



REFERENCES

Abdullah, M. Z., Ismail, S. S, Chua, C. H. and Ghafar, N. F. A. (2012).
Characterization of Pandanus amaryllifolius Roxb via Fourier-Transformed
Infrared (FTIR) spectroscopy. Proceedings of 2nd International Conference of
Process Engineering and Advanced Material. 12™-14™ June 2012. Kuala
Lumpur, Malaysia

Abdullah, M. Z. and Loo, K. P. (2006). Separation of divalent metal ions using
Pandanus Amaryllifolius Roxb (Pandanus) leaves: desorption study. Waste
Management and the Environment I11. 313 -321.

Adams, A. and De Kimpe, N. (2006). Chemistry off 2-Acetyl-1-Pyrroline, 6-Acetyl-
1,2,3,4-Tetrahydropyridine, 2-Acetyl-2-Thiazoline, And 5-Acetyl-2,3-Dihydro-
4H-Thiazine: Extraordinary Maillard Flavor Compounds. Chemical Reviews.
106(6), 2299-319.

Ahalya, N., Ramachandra, T. V. and Kanamadi, R. D. (2003). Biosorption of heavy
metals. Research Journal of Chemistry and Environment. 7(4), 71-78.

Aksu, Z., Acikel, U. and Kutsal, T. (1997). Application of multicomponent
adsorption isotherms to simultaneous biosorption of iron(Ill) and
chromium(VI) on C. Vulgaris. Journal of Chemical Technology and
Biotechnology. 70(4), 368 — 378.

Aleshin, A. N., Berestennikov, A. S., Krylov, P. S., Shcherbakov, I. P., Petrov, V.N.,
Trapeznikova, 1. N., Mamalimov, R. 1., Khripunov, A. K., Tkachenkob, A. A.
(2015). Electrical and optical properties of bacterial cellulose films modified
with conductive polymer PEDOT/PSS. Synthetic Metals. 199, 147-151.

Aman, T., Kazi, A. A., Sabri, M. U. and Banoa, Q. (2008). Potato peels as solid
waste for the removal of heavy metal copper(Il) from wastewater/ industrial

effluent. Collides surfaces B; Biointerface. 63, 116-121.



110

Amin, M. C. M., Abadi, A. G., Ahmad, N., Katas, H. and Jamal, J. A. (2012).
Bacterial cellulose film coating as drug delivery system: Physicochemical,
thermal and drug release properties. Sains Malaysiana. 41(5), 561-568.

Ananpattarachai, J. and Kajitvichyanukul, P. (2015). Enhancement of chromium
removal efficiency on adsorption and photocatalytic reduction using a bio-
catalyst, titania-impregnated chitosan/xylan hybrid film. Journal of Cleaner
Production. 130, 126—136.

Anwar, H. M., Akai, J., Mostofa, K. M. G., Safiullah, S. and Tareq, S. M. (2002).
Arsenic poisoning in groundwater: Health risk and geochemical sources in
Bangladesh. Environmental International. 27, 597-604.

Argun, M. E. (2008) use of clinoptilolite for the removal of nickel ions from water:
Kinetics and thermodynamics. Journal of Hazardous Materials.150, 587-595.

Ashori, A., Sheykhnazari, S., Tabarsa, T., Shakeri, A. and Golalipour, M. (2012).
Bacterial cellulose/silica nanocomposites: Preparation and characterization.
Carbohydrate Polymers. 90 413—418.

Barud, H. G. O., Barud, H. S., Cavicchioli, M., do Amaral, T. S., de Oliveira Junior,
0. B., Santos, D. M., de Oliveira Almeida Petersen, A. L., Celes, F., Borges, V.
M., de Oliveira, C. 1., de Oliveira, P. F., Furtado, R. A., Tavares, D. C. and
Ribeiro, S. J. L. (2016). Preparation and characterization of a bacterial
cellulose/silk fibroin sponge scaffold for tissue regeneration. Carbohydrate
Polymers. 128, 41-51.

Bayon, Y., Ladet, S., Lefranc, O. and Gravagna, P. (2016). Template for bacterial
cellulose implant processed within bioreactor. US Patent No 20160022867 Al.

Bertocchi, C., Delneri, D., Signore, S., Weng, Z. and Bruschi, C. V. (1997).

Characterization of microbial cellulose from a high-producing mutagenized
Acetobacter pasteurianus strain. Biochimica et Biophysica Acta. 1336, 211-
217.

Bhatnagar, A., Sillanpdd, M. and Witek-Krowiak, A. (2015). Agricultural waste
peels as versatile biomass for water purification: A review. Chemical
Engineering Journal. 270, 244-271.

Bhattacharjee, P., Kshirsagar, A. and Singhal, R. S. (2005). Supercritical carbon
dioxide extraction of 2-acetyl-1-pyrroline from Pandanus amaryllifolius Roxb.

Food Chemistry. 91, 255-259.



111

Birch, L. and Bachofen, R. (1990) Complexing agents from microorganisms.
Experientia, 46, 827-834.

Bower, M. and Hayer, C. (Eds) (2016). Best Practice Guide on the Management of
Metals in Small Water Supplies. London. IWA Publishing.

Brown, R. M. Jr., (1996). The biosynthesis of cellulose. Journal of Macromolecular
Science — Pure and Applied Chemistry. A33, 1345-1373.

Budhiono, A., Rosidi, B., Taher, H. and Iguchi, M. (1999). Kinetics aspects of
bacterial cellulose formation in nata de coco culture system. Carbohydrate
Polymers. 40, 137-143.

Busuioc, C., Stroescu, M., Stoica-Guzun, A., Voicu, G. and Jinga, S. 1. (2016).
Fabrication of 3D calcium phosphates based scaffolds using bacterial
cellulose as template. Ceramics International. 42(14), 15449—-15458.

Buttery, R. G., Ling, L. C., Juliano, B. O. and Turnbaugh, J. G. (1983). Cooked rice
aroma and 2-acetyl-1-pyrroline. Journal of Agricultural and Food Chemistry.
31, 823 — 826.

Cao, N, Fu, Y., He, J. (2007). Mechanical properties of gelatin films cross-linked,
respectively, by ferulic acid and tannin acid. Food Hydrocolloids. 21, 575—
584.

Castellano, 1., Gurruchaga, M. and Goni, 1. (1997). The influence of drying on the
physical properties of some graft copolymers for drug delivery systems.
Carbohydrate Polymers. 34(1-2), 83-89.

Chang, S. T., Chen, L. C., Lin, S. B. and Chen, H. H. (2012). Nano-biomaterials
application : Morphology and physical properties of bacterial cellulose/gelatin
composites via crosslinking. Food Hydrocolloids. 27, (137-144).

Cheetangdee, V. and Chaiseri, S. (2006). Free amino acid and reducing sugar
composition of pandan leaves (Pandanus amaryllifolius). Kasetsart Journal of
Natural Sciences. (40), 67-74.

Chen, A. H., Liu, S. C., Chen, C. Y. and Chen, C. Y. (2008). Comparative adsorption
of Cu(II), Zn(II) and Pb(II) ions in aqueous solution on the crosslinked chitosan
with epichlorohydrin. Journal of Hazardous Materials. 154, 184-191.

Chen, S. and Huang, Y. (2015). Bacterial cellulose nanofibers decorated with
phthalocyanine: Preparation, characterization and dye removal performance.

Material Letters. 142, 235-237.



112

Chen, S., Zou, Y., Yan, Z., Shen, W., Shi, S., Zhang, X. and Wang, H. (2009).
Carboxymethylated-bacterial cellulose for copper and lead ion removal.
Journal of Hazardous Materials. 161, 1355-1359.

Cheng, K. C., Catchmark, J. M. and Demirci, A. (2009a). Enhanced production of
bacterial cellulose by using a biofilm reactor and its material property analysis.
Journal of Biological Engineering. 3(12).

Cheng, K. C., Jeffrey, M. C. and Ali, D. (2009b). Effect of different additives on
bacterial cellulose production by Acetobacter xylinum and analysis of material
property. Cellulose, 16, 1033-1045.

Czaja, W., Krystynowicz, A., Bielecki, S. and Brown Jr, R. M. (2006). Microbial

cellulose — The natural power to heal wound. Biomaterials. 27, 145-151.

Czaja, W., Romanovicz, D. and Brown, Jr. R. M. (2004). Structural investigations of
microbial cellulose produced in stationary and agitated culture. Cellulose.
11(3),401-411.

da Silva, R., Sierakowski, M. R., Bassani, H.P., Zawadzki, S. F., Pirich, C. L., Ono,
L. and de Freitas, R. A. (2016). Hydrophilicity improvement of mercerized
bacterial cellulose films by polyethylene glycol. International Journal of
Biological Macromolecules. 86, 599—605.

Daniel, C. (1973). One-at-a-Time Plans. Journal of the American Statistical

Association. 68. 353-360.

Davis, J. R. (2004). Tensile Testing (2nd edition). Cleveland, Ohio. ASM
International.

Dayal, M. S. and Catchmark, J. M. (2016) Mechanical and structural property

analysis of bacterial cellulose composites. Carbohydrate Polymers. 144, 447—
453.

De Wulf, P., Joris, K. and Vandamme E. J. (1996). Improved cellulose formation by
an Acetobacter xylinum mutant limited in keto gluconate synthesis. Journal of
Chemical Technology and Biotechnology. 67, 665-672.

Degenhardt, A., Krammer, G., Koch, J. and Tai, M. Y. (2012). Novel pandan
extract articles in powder form and process for the production thereof.
US20120213904 A1, EP2491796A1.

Duruibe, J. O., Ogwuegbu, M. O. C. and Egwurugwu, J. N. (2007). Heavy metal
pollution and human biotoxic effects. [International Journal of Physical

Sciences. 2 (5), 112-118,



113

El-Ashtoukhy, E. S. Z., Amin, N. K. and Abdelwahab, O. (2008). Removal of Lead
(IT) and Copper (II) from aqueous solution using pomegranate peel as a new
adsorbent. Desalination. 223, 167-173.

Evans, B. R., O’Neill, H. M., Jansen, V. M. and Woodward, J. (2011). Metalization

of bacterial cellulose for electrical and electronic device manufacture. US
Patent No 20110014525 Al.

Evans, B. R., O‘Neill, H. M., Malyvanh, V. P., Lee, 1. and Woodward, J. (2003).
Palladium-bacterial cellulose membranes for fuel cells. Biosensors and
Bioelectronics. 18,917-923.

Fijatkowski, K., Zywicka, A., Drozd, R., Niemczyk, A., Junka, A. F., Peitler, D.,
Kordas, M., Konopacki, M., Szymczyk, P., Fray M. E. and Rakoczy, R.
(2015). A Modification of bacterial cellulose through exposure to the rotating
magnetic field. Carbohydrate Polymers. 133, 52-60.

Fiol, N., Escudero, C. and Villaescusa, I. (2008). Chromium sorption and Cr(VI)
reduction to  Cr(Ill) by grape stalks and yohimbe  bark.
BioresourcesTechnology. 99, 5030-5036.

Fourest, E. and Roux, J. C. (1992) Heavy metal biosorption by fungi mycelial by
products: Mechanism and influence of pH. Applied Microbiology and
Biotechnology. 37 (3),399-403.

Foresti, M. L., Vazquez, A. and Boury, B. (2017). Applications of bacterial cellulose
as precursor of carbon and composites with metal oxide, metal sulfide and
metal nanoparticles: A review of recent advances. Carbohydrate Polymers.
157, 447-467.

Fu, L., Zhang, Y., Zhang, J. and Yang, G. (2011). ‘Bacterial Cellulose for Skin
Repair Materials’ in Biomedical Engineering - Frontiers and Challenges, eds
Fazel-Rezai, R. In-Tech.Rijeka, Croatia.

Gadd, G.M. and de Rome, L. (1988). Biosorption of Copper by fungal

belanin. Applied Microbiology and Biotechnology. 29, 610-617.

Gao, C., Yan, T., Du, J., He, F., Luo, H. and Wan Y. (2014). Introduction of broad
spectrum antibacterial properties to bacterial cellulose nanofibers via
immobilising e-polylysine nanocoatings. Food Hydrocolloids. 36, 204-211.

Geay, M., Narchetti, V., Clément, A., Looubinoux, B. and Gérardin, P. (2000).

decontamination of synthetic solutions containing heavy metals using



114

chemically modified sawdusts bearing polyacrylic acid chains. Journal of
Wood Science. 46, 31-333.

Gelin, K., Bodin, A., Gatenholm, P., Mihranyan, A., Edwards, K. and Stremme, M.
(2007).  Characterization of water in bacterial cellulose using dielectric
spectroscopy and electron microscopy. Polymer. 48(26), 7623—-7631.

George, J., Kumar, R., Sajeevkumar, V. A., Ramana, K. V., Rajamanickam, R.,
Abhishek, V. and Nadanasabapathy, S. S. (2014). Hybrid HPMC
nanocomposites containing bacterial cellulose nanocrystals and silver
nanoparticles. Carbohydrate Polymers. 105, 285-292.

Gindl, W. and Keckes, J. (2004). Tensile properties of cellulose acetate butyrate
composites reinforced with bacterial cellulose. Composites Science and
Technology. 64(15), 2407-2413.

Goh, Y. C. (2010). Removal of lead (II) ions from aqueous solution by chemically
treated Pandanus amaryllifolius. Bachelor Thesis. Campbell University, USA.

Gonzalez-Sanchez, C., Martinez-Aguirre, A., Perez-Garcia, B., Martinez-Urreaga, J.,
Orden, M. U. and Fonseca-Valero, C. (2014). Use of residual agricultural
plastics and cellulose fibers for obtaining sustainable eco-composites prevents
waste generation. Journal of Cleaner Production. 83, 228-237.

Greenberg, A. E., Clesceri, L. S. and Eaton, A. D. (1998) Standard method for the
water and wastewater, 20th ed. 1015, Fifteenth Street, Washington, DC. 3—66.

Guadalupe, R., Reynel-Avila, H. E., Bonilla-Petriciolet, A., Cano-Rodriguez, I.,
Velasco-Santos, C. and Martinez-Hernandez, A. L. (2008). Recycling poultry
feathers for Pb removal from wastewater: kinetic and equilibrium studies.
Proceedings of World Academy of Science, Engineering And Technology. 30.

Gutierrez, J., Tercjak, A., Algar, ., Retegi, A. and Mondragon, 1. (2012). Conductive
properties of TiO,/bacterial cellulose hybrid fibres. Journal of Colloid and
Interface Science. 377(1), 88-93.

Hajeeth, T., Vijayalakshmi, K., Gomathi, T. and Sudha, P. N. (2013). Removal of
Cu(IT) and Ni(Il) using cellulose extracted from sisal fiber and cellulose-g-
acrylic acid copolymer. International Journal of Biological Macromolecules.
62, 59-65.

Han, P., Kumar, O and Ong, B. L. (2014). Remediation of nutrient-rich waters using
the terrestrial plant, Pandanus amaryllifolius Roxb. Journal of Environmental

Sciences. 26, 404-414.



115

Hestrin, S. and Schramm, M. (1954). Synthesis of cellulose by Acetobacter xylinum.
2. Preparation of freeze-dried cells capable of polymerizing glucose to
cellulose. Biochemical Journal. 58(2), 345-352.

Ho, Y. S. (2006). Review of second-order models for adsorption systems. Journal of

Hazardous Materials. B136, 681-689.

Ho, Y. S. (2003). Removal of copper ions from aqueous solution by tree fern. Water
Research. 37,2323-2330.

Ho, Y.S. and Mckay, G. (1998). Psuedo-second order model for sorption process.
Chemical Engineering Journal. 70, 115-124.

Hofmann, T. and Schieberle, P. (1998) New and convenient syntheses of the
important roasty, popcorn-like smelling food aroma compounds 2-acetyl-1-
pyrroline and 2-acetyltetrahydropyridine from their corresponding cyclic a-
amino acids. Journal of Agricultural and Food Chemistry. 46, 616-619.

Hokkanen, S., Bhatnagar, A. and Sillanpaa, M. (2016). A review on modification
methods to cellulose-based adsorbents to improve adsorption capacity. Water
Research. 91, 156-173.

Horii, F., Yamamoto, H. and Hirai, A. (1997). Microstructural analysis of

microfibrils of bacterial cellulose. Macromolecular Symposia. 120, 197-205.

Hsieh, J. T., Wang, M. J., Lai, J. T. and Liu, H. S. (2016). A novel static cultivation
of bacterial cellulose production by intermittent feeding strategy. Journal of
the Taiwan Institute of Chemical Engineers. 63, 46-51.

Hu, W., Chen, S., Yang, Z., Liu, L. and Wang, H. (2011). Flexible electrically
conduc-tive nanocomposite membrane based on bacterial cellulose and
polyaniline. TheJournal of Physical Chemistry B. 115, 8453-8845.

Hutson, N. D. and Yang, R. T. (1997). Theoretical basis for Dubinin-Radushkevich (D-R)
adsorption isotherm equation. Adsorption. 3, 189-195.

Hwang, J. W., Yang, Y. K., Hwang, J. K., Pyun,Y. R. and Kim, Y. S. (1999).
Effects of pH and dissolved oxygen on cellulose production by Acetobacter
xylinum BRCS in agitated culture. Journal of Bioscience and Bioengineering.
88 (2), 183-188.

Iguchi, M., Huang, H. C., Chen, L. C., Lina, S. B. and Chen, H. H. (2011). Nano-

biomaterials application: In situ modification of bacterial cellulose structure

by adding HPMC during fermentation. Carbohydrate Polymers. 83, 979-987.



116

Iguchi, M., Yamanaka, S. and Budhiono, A. (2000). Bacterial cellulose — A
masterpiece of nature. Journal of Material Sciences. 35, 261-270.

Iguchi M., Mitsuhashi, S., Ichimura, K., Nishi, Y., Uryu, M., Yamanaka, S. and
Watanabe, K. (1988). Bacterial cellulose-containing molding material having
high dynamic strength. US Patent No 4742164

Igwe, J. C. and Abia, A. A. (2006). A bioseparation process for removing heavy
metals from waste water using biosorbents. African Journal of Biotechnology. 5
(12), 1167-1179.

Ishihara, M. and Yamanaka, S. (2004). Modified bacterial cellulose. US Patent No

20040091978 Al

Jambunathan, S. (2000) Measurement of hexavalent chromium in leather by
colorimetric methods. Master thesis.Texas Tech University.

Jang, S. H., Luo, J., Tucker, N. M., Leclercq, A., Zojer, E., Haller, M. A., Kim, T. D.
Kang, J. W., Firestone, K., Bale, D., Lao, D., Benedict, J. B., Cohen, D.,
Kaminsky, W., Kahr, B., Brédas, J. L., Reid, P., Dalton, L. R. and Alex, K. Y.
J. (2006). Pyrroline chromophores for electro-optics. Chemistry of Materials.
18 (13), 2982-2988.

Jantarat, C., Tangthong, N., Songkro, S., Martin, G. P. and Suedee, R. (2008).S-
Propranolol imprinted polymer nanoparticle-on-microsphere compositeporous
cellulose membrane for the enantioselectively controlled delivery of racemic
propranolol. International Journal of Pharmaceutics. 349,212-225

Jeon, S., Yoo, Y. M., Park, J. W., Kim, H. J. and Hyun, J. (2014) Electrical
conductivity and optical transparency of bacterial cellulose based composite by
static and agitated methods. Current Applied Physics. 14 (12), 1621-1624.

Jiang, J. (1999) Volatile composition of pandan leaves (pandanus
amaryllifolius) Flavor Chemistry of Ethnic Foods. Eds: Shahidi and Ho.
Kluwer Academic/Plenum Publisher.New York. 105-109.

Jianlong, W., Hanchang, S. and Yi, Q. (2000). Wastewater treatment in a Hybrid
Biological Reactor (HBR): Effect of organic loading rates. Process
Biochemistry. 36(4), 297-303.

Johnson, D. C. and Neogi, A. N. (1990). Nonwoven fabric-like product using a

bacterial cellulose binder and method for its preparation. US Patent No
4919753 A.



117

Jonas, R. and Farah L.F. (1997). Production and application of microbial cellulose.
Journal of Polymer Degradation and Stability. 59, 101-106.

Jong, T. T and Chau, S. W. (1998) Antioxidative activities of constituents isolated
from Pandanus odoratissimus. Phytochemistry. 49 (7), 2145-2148.

Jozala, A. F., de Lencastre-Novaes, L. C., Lopes, A. M., Santos-Ebinuma, V. C.,
Mazzola, P. G., Pessoa-Jr, A., Grotto, D., Gerenutti, M. and Chaud, M. V.
(2016) Bacterial nanocellulose production and application: A 10-year
overview. Applied Microbiology and Biotechnology. 100, 2063-2072.

Juncu, G., Stoica-Guzun, A., Stroescu, M., Isopencu, G., Jinga, S. I. (2015). Drug
release kinetics from carboxymethyl cellulose-bacterial cellulose composite
films. International Journal of Pharmaceutics. 510(2), 485-492.

Kamel, S., Hassan, E. M. and El-Sakhawy, M. (2006). Preparation and application of
acrylonitrile-grafted cyanoethyl cellulose for the removal of Copper(Il) ions.
Journal of Applied Polymer Science. 100, 329-334,

Kelleher, B. (2001) The development of alternative adsorbents for organic
compounds in aqueous environments. Ph.D. Thesis. University of Limerick,
Limerick.

Kikuchi, T. and Tanaka, S. (2012). Biological removal and recovery of toxic heavy
metals in water environment. Critical Review of environment Sciences and
Technology. 42 (10), 1007-1057.

Kim, S.Y., Kim, J. N., Wee, Y. J., Park, D. H. and Ryu, H. W. (2006) Production of
bacterial cellulose by Gluconacetobacter sp. RKYS5 isolated from persimmon
vinegar. Applied Biochemical and Biotechnology. 129-132,705-715.

Kirdponpattara, S., Khamkeaw, A., Sanchavanakit, N., Pavasant, P. and
Phisalaphong, M. (2015). Structural modification and characterization of
bacterial cellulose—alginate composite scaffolds for tissue engineering.
Carbohydrate Polymers. 132, 146-155.

Kiziltas, E. E., Kiziltas, A., Rhodes, K., Emanetoglu, N. W., Blumentritt, M. and
Gardner, D. J. (2016). Electrically conductive nano graphite-filled bacterial
cellulose composites. Carbohydrate Polymers. 136, 1144-1151.

Khraisheh, M. A. M., Mc Minn, W. A. M. and Magee, T. R. A. (2004). Quality and
structural changes in starchy foods during microwave and convective drying.

Food Research International, 37, 497-503



118

Krishnani, K. K., Meng, X., Christodoulatus, C. and Boddu, V. M. (2008)
Biosorption mechanism of nine different heavy metal onto biometric from rice
husk. Journal of Hazardous Material 153, 122-134.

Kuyucak, N. and Volesky, B. (1988). Biosorbent for recovery of metals from
industrial solution. Biotechnology Letters. 10, 137-142.

Lagergren, S. (1898). About the theory of so-called adsorption of soluble substances.

Kungliga Svenska Vetenskapsakademiens Handlingar. 24 (4), 1-39.

Lalvani, S., Wiltkowski, T. and Weston, A. (1997). Metal ions removal from
wastewater by adsorption. ACS Fuel Preprints. 42(3), 877-879.

Langmuir, I. (1918). The adsorption of gases on plane surfaces of glass, mica and
platinum. Journal of American Chemical Society. 40, 1361-1403.

Laohakunjit, N. and Kerdchoechuen, O. (2007). Aroma enrichment and the change
during storage of non-aromatic milled rice coated with extracted natural flavor.
Food Chemistry. 101, 339-344.

Laohakunjit, N. and Noomhorn, A. (2004) Supercritical carbon dioxide extraction of
2AP and volatile component from pandan leaves. Flavour and Fragrance
Journal. 19(3), 251-259.

Le Cloirec, P., André, Y., Faur-Brasquet, C. and Gérente, C. (2003). Engineered
biofilms for metal ion removal. Reviews in Environmental Science and
Biotechnology. 2 (2), 177-192.

Lee, S. L. (2012). Potential application derived from the essential o0il of pandan
leaves (Pandanus amaryllifolis roxb.). Master Thesis. Universiti Malaysia
Pahang, Gambang.

Lee, R. L., Paul, J. W., Willem, H. Z. and Isak, S. P. (2002). microbial cellulose
utilization: fundamentals and biotechnology. Journal of Microbiology and
Molecular Biology Reviews. 66 (3), 506-577.

Li, G., Nandgaonkar, A. G., Wang, Q., Zhang, J., Krause, W. E., Wei, Q and Lucia,
L. A. (2017). Laccase-immobilized bacterial cellulose/TiO, functionalized
composite membranes: Evaluation for photo- and bio-catalytic dye degradation.
Journal of Membrane Science. 525, 89-98.

Li, G., Sun, K., Li, D., Lv, P., Wang, Q., Huang, F. and Wei, Q. (2016)Biosensor
based on bacterial cellulose-Au nanoparticles electrode modified with laccase
for hydroquinone detection. Colloids and Surfaces A: Physicochemical and

Engineering Aspects. 509, 408—414.



119

Li, X. Wan, W. and Panchal, C. J.(2013). Transparent bacterial cellulose

nanocomposite hydrogels. US Patent No 20130011385 Al.

Li, Z., Zhu, B. J., Yang, J. X., Peng, K., Zhou, B. H., Xu, R. Q., Hu, W. L., Chen, S.
Y. and Wang, H. P. (2011). Method for manufacture of bacterial cellulose
hydrogel cold pack. CN Patent No 201020239963 .4.

Lian, L., Cao, X., Wua, Y., Lou, D. and Han, D. (2013). Synthesis of organo-
functionalized magnetic microspheres and application for anionic dye removal,
Journal of the Taiwan Institute of Chemical Engineers, 44, 67-73.

Liang, S., Zhang, L., Li, Y. and Xu, J. (2007). Fabrication and properties of cellu-
lose hydrated membrane with unique structure. Macromolecular Chemistry and
Physics. 208(6), 594—602.

Lin, Y., Wey, Y., Lee, M. L. and Lin, P. C. (2015). Cosmetic composition containing

fragments of bacterial cellulose film and method for manufacturing thereof.
US Patent No 20150216784 Al.

Lin, W. C,, Lien, C. C., Yeh, H. J., Yu, C. M. and Hsu, S. H. (2013). Bacterial
cellulose and bacterial cellulose—chitosan membranes for wound dressing
applications. Carbohydrate Polymers. 94 (1), 603—611.

Loh, S. K., Che Man, Y., Tan, C. P., Osman, A. and Hamid, N. S. A. (2005). Process
optimization of encapsulated pandan (Pandanus amaryllifolius) powder using
spray drying method. Journal of the Science of Food and Agriculture. 85,
1999-2004.

Lu, M., Zhang, Y. M., Guan, X. H., Xu, X. and Gao T. (2014). Thermodynamics
and kinetics of adsorption for heavy metal ions from aqueous solutions onto
surface amino-bacterial cellulose. Transactions of Nonferrous Metals Society of
China. 24, 1912—-1917.

Lu, M., Guan, X. H., Xu, X. and Wei, D. (2013). Characteristic and mechanism of
Cr(VID) adsorption by ammonium sulfamate-bacterial cellulose in aqueous
solutions. Chinese Chemical Letters. 24, 253-256.

Lu, M., Li, Y. Y., Guan, X. H. and Wei, D. Z. (2010). Preparation of bacterial
cellulose and its adsorption of Cd*". Journal of Northeastern University. 31(8),
1196-1199.

Luo, H., Ao, H., Li, G., Li, W., Xiong, G., Zhu, Y. and Wan, Y. (2017). Advanced

nano- and bio-materials: a  pharmaceutical approach  Bacterial



120

cellulose/graphene oxide nanocomposite as a novel drug delivery system.
Current Applied Physics. 17(2), 249-254.

Ma, X., Wang, R. M., Guan, F. M. and Wang, T. F. (2010). Artificial dura mater
made from bacterial cellulose and polyvinyl alcohol. CN Patent No
200710015537.5

Mackay, D. (1982). Correlation of bioconcentration factors. Environmental Science
and Technology. 16 (5), 274-278.

Maneerung, T., Tokura, S. and Rujiravanit, R. (2008). Impregnation of silver
nanoparticles into bacterial cellulose for antimicrobial wound dressing.
Carbohydrate Polymers. 72: 43-51.

Martinez-Sanz, M. Lopez-Rubio, A. and Lagaron, J. M. (2013). High-barrier coated
bacterial cellulose nanowhiskers films with reduced moisture sensitivity.
Carbohydrate Polymers. 98, 1072— 1082

Mashitah, M. D., Yus Azila, Y. and Bhatia, S. (2008): Biosorption of Cadmium (II)
ions by immobilized cells of Pycnoporus sanguineus from aqueous solution.
Bioresources Technology. 99, 4742-4748.

Mihranyan, A., Llagostera, A. P., Karmhag, R., Stromme, M. and Ek, R. (2004).
Moisture sorption by cellulose powders of varying crystallinity. International
Journal of Pharmaceutical. 269(2), 433-442.

Mohamad, S. N. H. (2010). Synthesis and characterization of bacterial cellulose-
chitosan membrane grafted with pyrroline. Master Thesis. Universiti
Teknologi Malaysia, Skudai.

Mohan, S. and Karthikeyan, J. (1997) Removal of lignin and tannin color from
aqueous solution by adsorption on to activated carbon solution by adsorption
on to activated charcoal. Environ. Pollut. 97, 183-187.

Mohite, B. V., Salunke. B. K. and Patil, S. V. (2013). Enhanced production of
bacterial cellulose by using Gluconacetobacter hansenii NCIM 2529 strain
under shaking conditions. Applied Biochemistry and Biotechnology. 169(5),
1497-1511

Monteiro, M. I. C., Fraga, I. C. S., Yallouz, A. V., Oliveira, N. M. M. and Ribeiro, S.
H. (2002). Determination of total chromium traces in tannery effluents by
electrothermal atomic absorption spectrometry, flame atomic absorption
spectrometry and UV-visible spectrophotometric methods. Talanta. 58, 629—
633.



121

Mormino, R. and Bungay, H. (2003). Composites of bacterial cellulose and
papermade with a rotating disk bioreactor. Applied Microbiology and
Biotechnology. 62, 503-506.

Mulder, J. (1991). Basic principles of membrane technology. Dordrecht, Netherlands.
Kluwer Academic Publishers.

Nakayama, A., Kakugo, A., Gong, J. P., Osada, Y., Takai, M., Erata, T. and Kawano,
S. (2004). High mechanical strength double-network hydrogel with bacterial
cellulose. Advance Functional Material. 14, 1124-1128.

Naritomi, T., Kouda, T., Yano, H. and Yoshinaga F. (1998). Effect of ethanol on
bacterial cellulose production from fructose in continuous culture. Journal of
Fermentation and Bioengineering. 85(6), 598-603.

Netravali, A. N. and Qiu, K. (2014). Bacterial cellulose based 'green’ composites.
US Patent No 20140083327 Al.

Ngadi, N., Rzmi, F. A., Alias, H., Rahman, R. A. and Jusoh, M. (2015). Biosorption
of removal heavy metal using hybrid chitosan. Advances in Environment
Biology. 9 (21), 30-35.

Ngadi, N., Yahya, N. Y. and Rahman, R. A. (2014). Sustainable removal of heavy
metal using extracted Pandanus amaryllifolius Roxb. Applied Mechanics and
Materials. 695, 28-31.

Nor. F. M, Mohamed, S., Idris, N. A. and Ismail, R. (2008) Antioxidative properties
of Pandanus amaryllifolius leaf extracts in accelerated oxidation and deep
frying studies. Food Chemistry. 110, 319-327.

O’Connell, D. W., Birkinshaw, C. and O’Dwyer, T. F. (2008). Heavy metal
adsorbents prepared from the modification of cellulose: A review. Bioresource
Technology. 99, 6709-6724.

Onundi, Y. B., Mamun, A. A., Al Khatib, M. F., Al Saadi, M. A. and Suleyman, A.
M. (2011). Heavy metal removal from synthetic wastewater by novel nano-size
composite adsorbent. International Journal of Environmental Sciences and
Technology. 8 (4), 799-806.

Pa’e, N. (2009). Rotary discs reactor for enhanced production microbial cellulose.
Master Thesis. Universiti Teknologi Malaysia, Skudai.

Pa’e, N., Hamid, N. I. A., Khairuddin, N., Zahan, K. A., Seng, K. F., Siddique, B. M
and Muhamad, [. 1. (2014) Effect of different drying methods on the



122

morphology, crystallinity, swelling ability and tensile properties of Nata de
Coco. Sains Malaysiana. 43(5), 767-773.

Pa’e, N., Zahan, K. A., Muhamada, I. I. and Kok, F. S. (2013) Modified fermentation
for production of bacterial cellulose/polyaniline as conductive biopolymer
material. Jurnal Teknologi. 62 (2), 21-23.

Pa’e, N., Zahan, K. A. and Muhamad. I. I. (2011). Production of biopolymer from
acetobacter xylinum using different fermentation methods. [nternational
Journal of Engineering & Technology (IJET-IJEN). 11(5), 90-98.

Park. M., Cheng. J., Choi. J., Kim. J. and Hyun. J. (2013) FElectromagnetic
nanocomposite of bacterial cellulose using magnetite nanoclusters and
polyaniline. Colloids and Surfaces B: Biointerfaces. 102, 238—242.

Pavaloiu, R. D., Stoica-Guzun, A., Stroescu, M., Jinga, S. I. and Dobre, T. (2014).
Composite films of Poly(vinyl alcohol)—chitosan—bacterial cellulose for drug
controlled release. International Journal of Biological Macromolecules. 68,
117-124.

Paximada, P., Dimitrakopoulou, E. A., Tsouko, E., Koutinas, A. A., Fasseas, C. and

Mandala, 1. G. (2016). Structural modification of bacterial cellulose fibrils
under ultrasonic irradiation. Carbohydrate Polymers. 150, 5-12.

Pei, Y., Yang, J., Liu, P., Xu, M., Zhang, X and Zhang, L. (2013). Fabrication,
properties and bioapplications of cellulose/collagen hydrolysate composite
films. Carbohydrate Polymers. 92, 1752— 1760.

Phisalaphong, M and Jatupaiboon, N. (2008). Biosynthesis and characterization of
bacteria cellulose-chitosan film. Carbohydrate Polymer. 74, 482-488.

Piccinno, F., Hischier, R., Saba, A., Mitrano, D., Seeger, S. and Som, C. (2015).
Multi-perspective application selection: A method to identify sustainable
applications for new materials using the example of cellulose nanofiber
reinforced composites. Journal of Cleaner Production. 112, 1199-1210.

Pircher, N., Veigel, S., Aignea, N., Nedelecc, J. M., Rosenau, T. and Liebner, F.
(2014). Reinforcement of bacterial cellulose aerogels with biocompatible
polymers. Carbohydrate Polymers. 111, 505-513.

Rowbotham, A. L., Levy, L. S. and Shuker, L. K. (2000). Chromium in the
environment:An evaluation of exposure of the UK general population and
possible adverse health effects. Journal of Toxicology and Environmental

Health B. 3, 145-178.



123

Ruka, D. R., Simon, G. P. and Deana, K. M.(2013). In situ modifications to bacterial
cellulose with the water insoluble polymer poly-3-hydroxybutyrate
Carbohydrate Polymers. 92,1717—1723.

Ruka, D. R., Simon, G. P. and Dean, K. M. (2012). Altering the growth conditions of
Gluconacetobacter xylinus to maximize the yield of bacterial cellulose.
Carbohydrate Polymers. 89, 613-622.

Sai, H., Fu, R., Xing, L., Xiang, J., Li, Z., Li, F. and Zhang, T. (2015). Surface
modification of bacterial cellulose aerogels web-like skeleton for oil/water
separation. ACS Applied Material and Interfaces. 7 (13), 7373-7381.

Saibuatong, O. and Phisalaphong, M. (2010). Novo aloe vera—bacterial cellulose
composite film from biosynthesis. Carbohydrate Polymers. 79, 455-460.

Salehudin, M. H., Salleh, E., Muhamad 1. I. and Mamat, S. N. H. (2014). Starch-
based biofilm reinforced with empty fruit bunch cellulose nanofibre. Materials
Research Innovations. 18, 322-325.

Schramm, M. and Hestrin, S. (1954). Factors affecting production of cellulose at the
air/ liquid interface of a culture of Acetobacter xylinum. Microbiology. 11,
123-129.

S¢iban, M., Klas'nja, M., S'krbi¢, B. (2006). Modified hardwood sawdust as
adsorbent of heavy metal ions from water. Wood Science and Technology. 40,
217-227.

Scionti, G. (2010). Mechanical Properties of Bacterial Cellulose Implants. Master

Thesis. Chalmers University of Technology, Sweden.

Segal, L., Creely, J. J., Martin, A. E. J. and Conrad, C. M. (1959). An empirical
method for estimating the degree of crystallinity of native cellulose using the
X-ray diffractometer. Textile Research Journal. 29, 786-794.

Seifert, M., Hesse, S., Kabrelian, V and Klemm, D. (2003). Controlling the water
content of never dried and reswollen bacterial cellulose by the addition of
water-soluble polymers to the culture medium. Journal of Polymer Science
Part A: Polymer Chemistry. 42, 463—470.

Serafica, G., Mormino, R. and Bungay, H. (2002). Inclusion of solid particles in
bacterial cellulose. Applied Microbiology and Biotechnology. 58, 756—760.
Shah, J. and Brown, R. M. Jr (2005). Towards electronic paper displays made from

microbial cellulose. Applied Microbiology and Biotechnology.66(4), 352-355.



124

Shah, N., Ul-Islam, M., Khattak, W. A. and Park,J. K. (2013). Overview of bacterial
cellulose composites: A multipurpose advanced material. Carbohydrate
Polymers. 98, 1585— 1598.

Shanshan, G., Jianqing, W. and Zhengwei, J. (2012). Preparation of cellulose films

from solution of bacterial cellulose in NMMO. Carbohydrate Polymers.
87(2), 1020-1025.

Sharma, A. K. and Mishra, A. K. (2010). Microwave assisted synthesis of chitosan
graft-styrene for efficient Cr(VI) removal. Advance Materials Letters. 1(1),
59-66.

Shavandi, M. A., Haddadian, Z., Ismail, M. H. S., Abdullah, N. and Abidin, Z. Z.
(2012). Removal of Fe(Ill), Mn(I) and Zn(II) from palm oil mill effluent
(POME) by natural zeolite. Journal of the Taiwan Institute of Chemical
Engineers. 43(5),750-759.

Shirai, A., Takahashi, M., Kaneko, H., Nishimura, S., Ogawa, M., Nishi, N. and
Tokura, S. (1994). Biosynthesis of a novel polysaccharide by Acetobacter
xylinum. International Journal of Biology and Macromolecul. 16 (6), 297-
300.

Siet, C. M. (2013). Removal of heavy metal using 2-Acetyl-1-Pyrroline derived from
Pandanus amiryllifolius. Bachelor Thesis. Universiti Teknologi Malaysia,
Skudai.

Slavutsky, M. A and Bertuzzi, M. A. (2014).Water barrier properties of starch films
reinforced with cellulosenanocrystals obtained from sugarcane bagasse.
Carbohydrate Polymers. 110, 53—-61.

Sokolnicki, A. M., Fisher, R. J., Harrah, T. P. And Kaplan D. L. (2006). Permeability
of bacterial cellulose membranes . Journal of Membranes Sciences. 272 (1-2),
15-27.

Son, H.J., Heo, M.S., Kim, Y. G. and Lee, S. J. (2001). Optimization of fermentation
conditions for the production of bacterial cellulose by a newly isolated
Acetobacter sp. A9 in shaking cultures. Biotechnology and Applied
Biochemistry. 33(1), 1-3.

Son, H. J., Kim, H. G., Kim, K. K., Kim, H. S., Kim, Y. G. and Lee, S. J. (2003).
Increased production of bacterial cellulose by Acetobacter sp. V6 in synthetic
media under shaking culture conditions. Bioresource Technology. 86(3), 215-

219.



125

Sturcova A., His, 1., Apperley, D. C., Sugiyama, J. and Jarvis M.C. (2004). Structural
details of crystalline cellulose from higher plants. Biomacromolecules.
5,1333-1339.

Tammarate, P. (1999). Method for the modification and utilization of bacterial
cellulose. US Patent No 5962676.

Tang, W., Jia, S., Jia, Y. and Yang, H. (2010). The influence of fermentation
conditions and post-treatment methods on porosity of bacterial cellulose
membrane. World Journal of Microbiology Biotechnology. 26, 125—-131.

Thacker, U., Parikh, R.., Shouche, Y. and Madamwar, D.(2006). Hexavalent
chromium reduction by Providencia sp. Process Biochemistry. 41, 1332—1337.

Toru, S., Kazunori, T., Masaya, K., Tetsuya, M., Takaaki, N., Shingeru, M. and
Kenji, K. (2005). Cellulose production from glucose using a glucose
dehydrogenase gene (gdh)-deficient mutant of Gluconacetobacter xylinus and
its use for bioconversion of sweet potato pulp. Journal of Bioscience and
Bioengineering. 99 (4), 415-422.

Tsuchida, T. and Yoshinaga, F. (1997). Production of bacterial cellulose by agitation
culture system. Journal of Pure and Applied Chemical. 69 (11), 2453-2458.

Tunali, S., Akar, T., Ozcan, A. S., Kiran, 1. and Ozcan, A. (2006). Equilibrium and
kinetics of biosorption of lead (II) from aqueous solutions by Cephalosporium
aphidicola. Separation and Purification Technology. 47, 105—112.

Tyagi, N. and Suresh, S. (2015). Production of cellulose from sugarcane molasses
using Gluconacetobacter intermedius SNT-1: Optimization & characterization.
Journal of Cleaner Production. 112, 71-80.

Ul-Islam, M., Khan, T. and Park, J. K. (2012). Nanoreinforced bacterial cellulose—

montmorillonite composites for biomedical applications. Carbohydrate Polymers. 89

(4), 1189-1197.

Ul-Islam, M., Khan, T. and Park, J. K. (2012). Water holding and release properties
of bacterial cellulose obtained by in situ and ex situ modification.
CarbohydratePolymers. 88(2), 596—603.

Umar, F., Misbahul, A. K., Makshoof, A. and Janusz, A. K. (2011). Effect of
modification of environmentally friendly biosorbent wheat (7riticum aestivum)
on the biosorptive removal of Cadmium(Il) Ions from aqueous solution.

Chemical Engineering Journal. 171 (2), 400—410.



126

Ummartyotin, S., Juntaro, J., Sain, M. and Manuspiya, H. (2012) Development of
transparent bacterial cellulose nanocomposite film as substrate for flexible
organic light emitting diode (OLED) display. Industrial Crops and Products.
35,92-97.

Vandamme, E. J., De Baets, S., Vanbaelen, A., Joris, K. and De Wulf., P. (1998).
Improved production of bacterial cellulose and its application potential.
Polymer Degradation and Stability. 59, 93-99.

Vijayaraghavan, K. and Yun, Y. S. (2008). Bacterial biosorbents and biosorption.

Biotechnology Advances. 26 (3), 266-291

Voudrias, E., Fytianos, F. and Bozani, E.(2002). Sorption description isotherms of
dyes from aqueous solutions and waste waters with different sorbent materials.
Global NEST. 4 (1), 75-83, 2002.

Wakte, K. V., Thengane, R. J., Jawali, N. and Nadaf , A. F. (2010). Optimization of
HS-SPME condition of quantification of 2AP and study of other volatiles in
Pandanus amaryllifolius roxb. Food chemistry. 121, 595-600.

Wakte, K. V., Nadaf, A. B., Krishnan S. and Thengane, R. J. (2007). Studies on
lower epidermal papillae, the site of storage of basmati rice aroma compaound
in Pandanus amaryllifoilius Roxb. Current science. 93 (2), 238-242.

Wan, W. K. and Millon L. (2005). Poly(vinyl alcohol)-bacterial cellulose
nanocomposite. US Patent No. 20050037082 Al.

Wang, J., Lu, X., Ng, P. F., Lee, K., Fei, B., Xin, J. H and Wu, J. (2015).
Polyethylenimine coated bacterial cellulose nanofiber membrane and
application as adsorbent and catalyst. Journal of Colloid and Interface Science.
440, 32-38.

Wang, J. and Chen, C. (2006). Biosorption of heavy metals by Saccharomyces
cerevisiae: A review. Biotechnology Advances. 24(5), 427-51.

Wei, W., Kim, S., Song, M. Bediako,J. K. and Yun, Y. (2015).
Carboxymethylcellulose fiber as a fastbinding and biodegradable adsorbent of
heavy metals. Journal of the Taiwan Institute of Chemical Engineers. 57, 104—
110.

Wu, J., Zheng,Y., Song, W., Luan, J., Wen, X., Wu, Z., Chen, X., Wang, Q. and
Guo, S. (2014). In situ synthesis of silver-nanoparticles/bacterial cellulose
composites for slow-released antimicrobial wound dressing. Carbohydrate

Polymers. 102, 762—771.



127

Wu, Y. B, Yu, S. H, Mi, F. L., Wu, C. W., Shyu, S. S., Peng, C. K. and Chao, A. C.
(2004). Preparation and characterization on mechanical and antibacterial
properties of chitosan/cellulose blends. Carbohydrate Polymers. 57(4), 435-
440.

Xu, C. Y. and Sun, D. P. (2011). Manufacture of membrane electrode of proton
exchange fuel cell using bacterial fibers. CN Patent No 200810022130.X.

Yahya, F., Fryera, P. J. and Bakalisa, S. (2011) The absorption of 2-acetyl-1-
pyrroline during cooking of rice (Oryza sativa L.) with Pandan (Pandanus
amaryllifoliusRoxb.) leaves. Procedia — Food Science. 1, 722-728.

Yahya, N. Y., Ngadi, N., Muhamad, I. I. and Jusoh, M. (2015). Removal of reactive
black 5 dye using a new polyacrylamide grafted cellulose flocculant derived
from pandan leaves: optimization study. Applied Mechanics and Materials.
695, 269-272.

Yamanaka, S., Watanabe, K., Kitamura, N., Iguchi, M., Mitsuhashi, S., Nishi, Y. and
Uryu, M. (1989). The structure and mechanical properties of sheets prepared
from bacterial cellulose. Journal of Material Sciences. 24, 3141—-3145.

Yan, Z., Chen, S., Wang, H., Wang, B. and Jiang, J. (2008). Biosynthesis of bacterial
cellulose/multi-walled carbon nanotubes in agitated culture. Carbohydrate
Polymers. 74, 659—-665.

Yang. G., Xie. J., Hong. F., Cao. Z. and Yang. X. (2012). Antimicrobial activity of
silver nanoparticle impregnated bacterial cellulose membrane: Effect of
fermentation carbon sources of bacterial cellulose. Carbohydrate Polymers. 87,
839— 845.

Yardim, M. F., Budinova, T., Ekinci, E., Petrov, N., Razvigorova, M. and Minkova,
V. (2003). Removal of Mercury (II) from aqueous solution by activated carbon
obtained from furfural. Chemosphere. 52 (5), 835-841.

Zahan, K. A., Pa’e, N. and Muhamad, I. 1. (2014). Process parameter for
fermentation in rotary discs reactor for optimum microbial cellulose production
using Response Surface Methodology. Bioresources. 9(2), 1858-1872.

Zhang, F., Tang, Y., Yang, Y., Zhang, X. and Lee, C. S. (2016). In-situ assembly of
three-dimensional MoS, nanoleaves/carbon nanofiber composites derived from
bacterial cellulose as flexible and binder-free anodes for enhanced lithium-ion

batteries.Electrochimica Acta. 211, 404—410.



128

Zhang, 7., Zhang, J., Zhao, X. and Yang, F. (2015). Core-sheath structured porous
carbon nanofiber composite anode material derived from bacterial
cellulose/polypyrrole as an anode for sodium-ion batteries. Carbon. 95, 552—
559.

Zhong, C. Y. (2011). Method for manufacturing air-filtering bacterial cellulose face

mask. CN Patent No 200910149665.8.

Zhu, H., Jia, S., Wan, T., Jia, Y., Yang, H., Li, J., Yan, L. and Zhong, C. (2011).

Biosynthesis of spherical FezO4/Bacterial cellulose nanocomposites as

adsorbents for heavy metal ions. Carbohydrate Polymers 86, 1558-1564.





