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The hydrogen has been applied in fuel cell vehicle and expected to shift toward the
technologies that produce no net greenhouse gas effects. Biohydrogen production from
biomass is now attracting many researchers in developing a renewable, clean and
environmental friendly biofuel. The availability of abundant biomass from various sources
could possibly be an advantage for the production of biohydrogen as a competitive
energy carrier in the future. There are vast choices of possible types of biomass that can
be subjected as the carbon source for the production of biohydrogen including starch
based and lignocellulosic biomass. Sago industry is one of the possible source of
biomass since the industry is producing large quantities of starch and lignocellulosic
biomass. Statistically, a single sago starch processing mill has produced 7 ton/day of
sago hampas. Thus, this study aimed to produce biohydrogen from sago biomass by
locally isolated biohydrogen producer and to optimize the production of biohydrogen
using statistical approach.

The locally isolated biohydrogen producer Clostridium butyricum A1 was successfully
isolated from landfill soil. This strain produced a biohydrogen yield of 1.90 mol Hz/mol
glucose with productivity of 170 mL/L/h using pure glucose as substrate. The highest
cumulative biohydrogen collected after 24 h of fermentation time was 2468 mL/L-
medium. Biohydrogen fermentation using sago hampas hydrolysate generate higher
biohydrogen yield (2.65 mol Hx/mol glucose) compared to sago pith residue (SPR)
hydrolysate at 2.23 mol Hz/mol glucose. A higher biohydrogen productivity of 1757
mL/L/h was obtained when using sago hampas hydrolysate much higher when compared
to pure glucose at 170 mL/L/h. In this study, the new isolate C. butyricum A1 together
with the use of sago biomass as the substrate is a promising technology for future
biohydrogen production. Optimization of biohydrogen production from sago hampas
hydrolysate by C. butyricum A1 was conducted using four variables including
temperature, sugar concentration, initial pH and inoculum size. This study has applied
central composite design (CCD) and artificial neural network (ANN) as the optimization



step. As a result, three out of four variables have given significant effects on the
production of biohydrogen from sago hampas hydrolysate; which are temperature, sugar
concentration and pH. Using ANN, pH was found to be the most significant variable with
the relative importance of 73.6%. The optimum conditions given by ANN with respect to
optimized biohydrogen yield of 2.92 mol of Ho/mol of glucose are 39°C, pH 8, initial
glucose concentration at 13 g/L and 13% (v/v) inoculum size. As conclusions,
biohydrogen production from sago hampas by C. butyricum A1 has successfully
conducted and optimized.
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Hidrogen telah diaplikasikan dalam kenderaan sel fuel dan dijangka akan menggerakkan
teknologi yang tidak menghasilkan kesan gas rumah hijau. Penghasilan biohidrogen
daripada biomas telah menarik minat ramai penyelidik dalam melestarikan penghasilan
bahan api biologi yang boleh diperbaharui, bersih dan mesra alam. Ketersediaan biomas
yang banyak daripada pelbagai sumber menjadi kelebihan pada penghasilan
biohidrogen sebagai pembawa tenaga yang lebih berdaya saing pada masa hadapan.
Pelbagai jenis biomas boleh dijadikan sumber karbon untuk penghasilan biohidrogen,
termasuklah biomas berasaskan kanji dan lignoselulosa. Industri pemprosesan sagu
adalah salah satu sumber biomas berpotensi kerana industri ini menghasilkan biomas
berasaskan kanji dan lignoselulosa. Secara statistiknya, satu kilang pemprosesan sagu
kanji telah menghasilkan sisa empulur sagu sebanyak 7 tan/hari. Tujuan kajian ini adalah
untuk menghasilkan biohidrogen daripada biomas sagu oleh mikroganisma penghasil
biohidrogen pencilan tempatan dan meningkatkan penghasilan biohidrogen
menggunakan pendekatan statistik.

Bakteria pencilan tempatan penghasil biohidrogen, Clostridium butyricum A1 telah
berjaya dipencilkan daripada tanah tapak pelupusan. Bakteria ini telah berjaya
menghasilkan biohidrogen sebanyak 1.90 mol Hz/mol glukosa dan 170 mL/L/j produktiviti
dengan menggunakan glukosa tulen sebagai substrat. Biohidrogen kumulatif tertinggi
yang telah dicatatkan selepas 24 j fermentasi adalah 2468 mL/L-media. Fermentasi
biohidrogen menggunakan hidrolisat hampas sagu telah menghasilkan biohidrogen yang
lebih tinggi (2.65 mol Hz/mol glukosa) berbanding hidrolisat sisa empulur sagu (SES)
(2.23 mol Hz/mol glukosa). Kadar penghasilan biohidrogen yang tinggi juga telah
dicatatkan dengan menggunakan hidrolisat hampas sagu iaitu 1757 mL/L/j berbanding
dengan menggunakan glukosa tulen dengan produktiviti 170 mL/L/j. Dalam kajian ini, C.
butyricum A1 bersama dengan penggunaan biomas sagu sebagai substrat menjanjikan
satu teknologi yang berpotensi untuk penghasilan biohidrogen di masa hadapan.
Pengoptimuman penghasilan biohidrogen daripada hidrolisat hampas sagu oleh C.

iv



butyricum A1 telah dijalankan dengan berasaskan 4 pembolehubah, termasuklah suhu,
kepekatan gula, pH awal dan saiz inokula. Kajian ini telah menggunakan central
composite design (CCD) dan artificial neural network (ANN) di dalam proses
pengoptimuman. Daripada hasil kajian, tiga dari empat pembolehubah telah memberikan
kesan yang signifikan pada penghasilan biohidrogen daripada hidrolisat hampas sagu;
iaitu suhu, kepekatan gula dan pH. Berdasarkan analisis menggunakan ANN, pH
merupakan pembolehubah yang memberikan kesan yang paling ketara dengan
kepentingan relatif sebanyak 73.6%. Keadaan yang optimum telah diberikan oleh ANN
untuk penghasilan 2.92 mol Ho/mol glukosa ialah 39°C, pH 8, 13 g/L kepekatan glukosa
dan saiz inokula 13% (v/v). Kesimpulannya, penghasilan biohidrogen daripada sisa
empulur sagu oleh C. butyricum A1 telah berjaya dijalankan dan dioptimumkan.
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CHAPTER 1

INTRODUCTION

Biohydrogen gas produced through fermentation process is an ideal alternative energy
carrier that can be used as biofuel, due to it characteristics which are clean and
sustainable bioenergy for the future. Biohydrogen is a simple gas with a molecular
formula of Hz and has high energy yield of 122 kJ/g, which is 2.75 times higher than
fuels derived from petroleum (Claassen et al., 2010; Chong et al., 2009a; Pattra et al.,
2008). The combustion of hydrogen in engine as energy carrier is 50-70% more
efficient than gasoline, hence the only byproduct generated is water (Pattra et al., 2008;
Fields, 2003), thus subsequently reduce the release of carbon dioxide into the
atmosphere.

At present, the industrial production of hydrogen is through several processes including
steam reforming of methane, electrolytic (water electrolysis) and thermochemical
reactions (Levin and Chahine, 2010; Steinfeld, 2005). The major problems among these
available technologies are ineffective cost and high energy consumption. Therefore, this
situation leads to edge novel hydrogen uncompetitive to replace our current reliance on
fossil fuel. Hence, innovative and novel biohydrogen production via fermentation using
cheap feedstock has now being attempted because, it needs less land for set up and
not being affected by weather conditions (Ni et al., 2007).

In European countries, the “hyvolution” concept has been introduced in order to attain
greener biohydrogen production. The concept is by exploiting bacteria that are capable
in producing biohydrogen as byproduct during growth on biomass (Claassen et al.,
2010). Besides, utilization of biomass as a fermentation feedstock can reduce the cost
of raw material which contributed around 50-70% of total biohydrogen production cost.
By this mean, it will also help biomass related industries in managing their biomass
waste and to generate extra profit (Hassan et al., 2004).

Naturally, biomass present in various forms, including starch and lignocellulosic
materials. The starch based biomass is composed of mainly starch, while the
lignocellulosic biomass which is composed of 38-50% cellulose, 23-32% hemicellulose
and 15-25% lignin (Perego and Bianchi, 2010). The polysaccharides of starch, cellulose
and hemicellulose can be converted into simple sugars which are useful to be utilized
as carbon sources for the fermentation process by microorganism. The bioconversion
of biomass into simple sugars can be conducted through the hydrolysis process using
specific enzyme. Utilization of carbon source recovered from the hydrolysis of biomass
for biohydrogen production has been reported by several researchers including from
palm oil mill effluent (Chong et al., 2009a), oil palm empty fruit bunch (Inayat et al.,
2012), cassava wastewater (Sreethawong et al., 2010) and sweet potato starch residue
(Yokoi et al., 2001) by exploiting various species of microorganisms.



Malaysia is blessed with favorable climate and abundant natural resources for
commercial cultivation of crops such as sago palm. The Malaysian sago palm industry
is one of the most important sago exporters in the world and exporting in the range of
55,000 to 65,000 tons/year of sago starch (Department of Statistic, Sarawak, 2012).
The Department of Agriculture Sarawak (2010) has reported that the export value is
increasing by 15-20% per year. In preliminary 2012, the export value of sago products
was 48,314 tons compared to 2003 (40,780 tons) (Department of Statistic, Sarawak,
2012). Increment in production will significantly increase the number of waste generated
from this industry, which may cause waste management problems and contribute to the
environmental pollution. This industry has generated vast amount of wastes in the form
of byproducts including sago bark, sago hampas and sago wastewater.

Sago hampas contains (on a dry weight basis) 58% starch, 23% cellulose, 9.2%
hemicellulose and 3.9% lignin (Awg-Adeni et al., 2012; Linggang et al., 2012; Ozawa et
al., 1998). The enzymatic conversion of starch present in sago hampas into glucose
produces another biomass which is known as sago pith residue (SPR). Linggang et al.
(2012) has reported that SPR composed of (on a dry weight basis) 37% cellulose, 20%
hemicellulose and 6% lignin and cellulose and hemicellulose can be hydrolyzed into a
mixture of fermentable sugars using enzyme called cellulase. These types of biomass
have the potential to be used as a carbon source in the production of valuable products.
Thus, a study on the utilization of sago hampas and SPR for biohydrogen production
was conducted. A new local isolated strain Clostridium butyricum A1 was employed to
convert fermentable sugars into biohydrogen to be compared with a biohydrogen
producer, Clostridium butyricum EBG isolated by Chong et al. (2009a).

A variety of biohydrogen-producing microorganisms has been documented by several
studies. To date, Clostridium sp. is widely employed for biohydrogen production since
this species is capable in converting hexose sugar to biohydrogen with a theoretical
yield of 4 mol Hx/mol hexose. This is higher than the biohydrogen produced by
Enterobacter sp. that has a yield of 1 mol Ho/mol hexose (Kotay and Das, 2008).
However, several studies have been done for Enterobacter sp. since this species can
achieve higher productivity than other reported species (Prasertsan et al., 2009; Kotay
and Das, 2008; Chen et al., 2005). Jamil et al. (2009) has been reported on production
of biohydrogen by Rhodopseudomonas palustris PBUMO001 with biohydrogen yield 0.66
mL Ho/mL POME. Clostridium sp. has the capability to produce a biohydrogen yield in
the range of 1.4-2.8 mol Hx/mol glucose (Levin and Chahine, 2010; Lin and Tanaka,
2006; Chen et al., 2005). The highest biohydrogen yield reported was 3.26 mol Hz/mol
glucose by employing C. butyricum (Keskin and Hallenbeck, 2012). There are also
several reports on the production of biohydrogen by Thermotoga sp. using biomass as
substrate with a yield in the range of 1.1-2.0 mol Hx/mol glucose or other hexoses
(Mars et al., 2010; Evvyernie et al., 2001).



However, biohydrogen production depends on various fermentation factors that
correlate each other to improve biohydrogen yield. Due to the fact that, different
substrate and Clostridia species employed in the fermentation produces different yield
of biohydrogen, thus a tool that evaluate various fermentation factors at one time with
statistical analysis are usually practiced. One of the most widely implemented tools is
the response surface methodology (RSM) over the last two decades. RSM is an
approach that implies the statistical technique based on the crucial technique of
duplication and randomization, thus makes the optimization study easier (Baskar et al.,
2008). Based on the review, RSM is an effective tool to manipulate the large number of
variables, therefore many reports have been used RSM to improve fermentation
condition (Balusu et al., 2005; Ezhumalai and Thangavelu, 2010). This tool has proven
its ability to improve the biohydrogen yield using POME as the substrate, as conducted
by Chong et al. (2009a; 2009b).

The artificial neural network (ANN) which is more advance and powerful statistical
analysis tool is also able to optimize the fermentation parameters including for
biohydrogen fermentation. One of the advantages of ANN is less time is required for
development of extensive experimentation (Morteza et al., 2013). This situation is due
to the fact that, it could be conducted with limited numbers of experiments to predict the
degree of non-linearity. It is also capable of learning complex relationships without
requiring the knowledge of the model structure (Mingzhi et al., 2009). According to
Dutta et al. (2004), the ANN is a superior and more accurate tool in terms of modeling
technique as compare to RSM because ANN depicts the nonlinearity of the model.
Although, ANN has no ability to estimate the model equation similar to RSM, it still is
able to estimate the response based on the trained data (Bas and Boyaci, 2007).



The study aims to produce the biohydrogen from sago biomass by Clostridium
butyricum A1 with the specific objectives as follows:

1. To evaluate the suitability of sago hampas and sago pith residue for
biohydrogen production by local isolates.

2. To compare biohydrogen production by Clostridium butyricum A1 and
Clostridium butyricum EB6 using selected sago biomass.

3. To optimize biohydrogen production from selected sago biomass by selected
Clostridium sp. using artificial neural network.



REFERENCES

Aderibigbe, A.F., Anozie, A.N., Adejumo, L.A. and Owolabi, R.U. (2012). New Clues in
Sciences.

Afsar, N., Ozgir, E., Girgan, M., Akkése, S., Yiicel, M., Giindiiz, U. and Eroglu, .
(2011). Hydrogen productivity of photosynthetic bacteria on dark fermenter
effluent of potato steam peels hydrolysate. International Journal of Hydrogen
Energy, 36(1), 432-438.

Agbor, V.B., Cicek, N., Sparling, R., Berlin, A. and Levin, D.B. (2011). Biomass
pretreatment: fundamentals toward application. Biotechnology Advances, 29(6),
675-685.

Ahn, Y., Park, E.J., Oh, Y.K,, Park, S., Webster, G. and Weightman, A.J. (2005). Biofilm
microbial community of a thermophilic trickling biofilter used for continuous
biohydrogen production. FEMS Microbiology Letters, 249(1), 31-38.

Alalayah, W.M., Kalil, M.S., Kadhum, A.A., Jahim, J.M. and Alauj, N.M. (2009). Effect of
environmental parameters on hydrogen production using Clostridium
saccharoperbutylacetonicum N1-4 (ATCC 13564). American Journal of
Environmental Science, 5(1), 80-86.

Annison, G. and Topping, D.L. (1994). Nutritional role of resistant starch: chemical
structure vs physiological function. Annual Review of Nutrition, 14(1), 297-320.

Apun, K., Jong, B. C., and Salleh, M. A. (2000). Screening and isolation of a cellulolytic
and amylolytic Bacillus from sago pith waste. The Journal of General and Applied
Microbiology, 46(5), 263-267.

Ariffin, H., Hassan, M.A., Kalsom, M.U., Abdullah, N. and Shirai, Y. (2008b). Effect of
physical, chemical and thermal pretreatments on the enzymatic hydrolysis of oil
palm empty fruit bunch (OPEFB). Journal of Tropical Agriculture and Food
Science, 36(2), 1-10

Ariffin, H., Hassan, M.A., Shah, U.K.M., Abdullah, N., Ghazali, F.M. and Shirai, Y.
(2008a). Production of bacterial endoglucanase from pretreated oil palm empty
fruit bunch by bacillus pumilus EBS3.Journal of Bioscience and
Bioengineering, 106(3), 231-236.

Awg-Adeni, D. S., Bujang, K. B., Hassan, M. A. and Abd-Aziz, S. (2012). Recovery of
glucose from residual starch of sago hampas for bioethanol production. BioMed
Research International, DOI:10.1155/2013/935852.

Awg-Adeni, D.S., Abd-Aziz, S., Bujang, K. and Hassan, M.A. (2010). Bioconversion of
sago residue into value added products. African Journal of Biotechnology 9(14),
2016-2021.

76



Aziz, A. A., Husin, M. and Mokhtar, A. (2002). Preparation of cellulose from oil palm
empty fruit bunches via ethanol digestion: effect of acid and alkali
catalysts. Journal of Oil Palm Research, 14, 9-14.

Azwar, M. A. Hussain, K. and Ramachandran, B. (2006). The study of neural network-
based controller for controlling dissolved oxygen concentration in a sequencing
batch reactor. Bioprocess and Biosystem Engineering, 28(4), 251-265.

Bahrin, E.K., Baharuddin, A.S., Ibrahim, M.F., Razak, N.A., Sulaiman, A., Abd-Aziz, S.,
Hassan, M.A., Shirai, Y. and Nishida, H. (2012). Physicochemical property
changes and enzymatic hydrolysis enhancement of oil palm empty fruit bunches
treated with superheated steam. BioResources, 7(2), 1784-1801.

Balat, M. (2008). Potential importance of hydrogen as a future solution to environmental
and transportation problems. International Journal of Hydrogen Energy, 33, 4013—
4029.

Balusu, R., Paduru, R.R., Kuravi, S.K.,, Seenayya, G. and Reddy, G. (2005).
Optimization of critical medium components using response surface methodology
for ethanol production from cellulosic biomass by Clostridium thermocellum
SS19. Process Biochemistry, 40(9), 3025-3030.

Banu, J. R., Kaliappan, S., and Beck, D. (2006). Treatment of sago wastewater using
hybrid anaerobic reactor. Water Quality Research Journal of Canada, 41(1), 56-
62.

Barbosa, M.J., Rocha, J., Tramper, J. and Wijffels, R.H. (2001). Acetate as a carbon
source for hydrogen production by photosynthetic bacteria. Journal of
Biotechnology, 85(1), 25-33.

Barros, A.R., Cavalcante de Amorim, E.L., Reis, C.M., Shida, G.M. and Silva, E.L.
(2010). Biohydrogen production in anaerobic fluidized bed reactors: Effect of
support material and hydraulic retention time. International Journal of Hydrogen
Energy, 35(8), 3379-3388.

Bas, D. and Boyaci, I. H. (2007). Modeling and optimization Il: Comparison of
estimation capabilities of response surface methodology with artificial neural
networks in a biochemical reaction. Journal of Food Engineering, 78(3), 846-854.

Baskar, G., Muthukumaran, C., & Renganathan, S. (2008). Optimization of Enzymatic
Hydrolysis of Manihot esculenta root starch by Immobilized a-amylase using
Response Surface Methodology. International Journal of Chemical and
Biomolecular Engineering, 1(3), 364-368.

Berkers, L., Hiligsmann, S., Hamilton, C., Masset, J. and Thonart, P. (2010).
Fermentative hydrogen production by Clostridium butyricum CWBI1009 and
Citrobacterfreundii CWBI952 in pure and mixed cultures. Biotechnology Agronomy
Society and Environmental, 14(S2), 541-548.

77



Bernfeld, P. (1955). Amylases, alpha and beta. Methods in Enzymology |, 149-158.

Bertoft, E., Piyachomkwan, K., Chatakanonda, P. and Sriroth, K. (2008). Internal unit
chain composition in amylopectins. Carbohydrate polymers, 74(3), 527-543.

Bidlas, E., Du, T. and Lambert, R.J.W. (2008). An explanation for the effect of inoculum
size on MIC and the growth/no growth interface. International Journal of Food
Microbiology, 126, 140-152.

Binford, L. and Ho, C-k. (1985). Taphonomy at a distance: zhoukoudian, ‘the cave
home of Beijing man’?. Current Anthropology, 26, 413—442.

Bishop, C.M. (1995) Neural networks for pattern recognition, 1st edn. Oxford University
Press, USA. p. 482. (ISBN-13: 978-01 98538646).

Boran, E., C")zgijr, E., van der Burg, J., Yucel, M., Gundiz, U. and Eroglu, I. (2010).
Biological hydrogen production by Rhodobacter capsulatus in solar tubular photo
bioreactor. Journal of Cleaner Production, 18, S29-S35.

Boudet, A.M., Kajita, S., Grima-Pettenati, J. and Goffner, D. (2003). Lignins and
lignocellulosics: a better control of synthesis for new and improved uses.Trends in
Plant Science, 8(12), 576-581.

Brayer, G.D., Luo, Y., and Withers, S.G. (1995). The structure of human pancreatic a-
amylase at 1.8 A resolution and comparisons with related enzymes. Protein
Science, 4(9), 1730-1742.

Bressan L., Collodi G. and Ruggeri F. (2009). Hydrogen generation for modern
refineries. Hydrocarbon Engineering, Foster Wheeler Italiana SpA, Corsico, Milan
JItaly.

Brodeur, G., Yau, E., Badal, K., Collier, J., Ramachandran, K.B. and Ramakrishnan, S.
(2011). Chemical and physicochemical pretreatment of lignocellulosic biomass: a
review. Enzyme Research, 2011.

Bujang, K., Apun, K. and Salleh, M.A. (1996). A study in the production and
bioconversion of sago waste. Sago-The future Source of Food and Feed. Riau
University Press, Indonesia, 195-201.

Chang, V.S. and Holtzapple, M.T. (2000). Fundamental factors affecting biomass
enzymatic reactivity. In Twenty-First Symposium on Biotechnology for Fuels and
Chemicals (pp. 5-37). Humana Press.

Chen, C.Y., Yang, M.H., Yeh, K.L., Liu, C.H. and Chang, J.S. (2008). Biohydrogen
production using sequential two-stage dark and photo fermentation
processes. International Journal of Hydrogen Energy, 33(18), 4755-4762.

78



Chen, W.H., Chen, S.Y., Khanal, S.K. and Sung, S. (2006). Kinetic study of biological
hydrogen production by anaerobic fermentation. International Journal of Hydrogen
Energy, 31, 2170-2178.

Chen, W.M., Tseng, Z.J., Lee, K.S. and Chang, J.S. (2005). Fermentative hydrogen
production with Clostridium butyricum CGS5 isolated from anaerobic sewage
sludge. International Journal of Hydrogen Energy, 30, 1063-1070.

Chittibabu, G., Nath, K. and Das, D. (2006). Feasibility studies on the fermentative
hydrogen production by recombinant Escherichia coli BL-21. Process
Biochemistry, 41(3), 682—-688

Chong, M.L., Abd-Rahim, R., Shirai, Y. and Hassan, M.A. (2009a). Biohydrogen
production by Clostridium butyricum EB6 from palm oil mill effluent. International
Journal of Hydrogen Energy, 34, 764-777.

Chong, M.L., Rahman, N.AA., Abd-Rahim, R., Abd-Aziz, S., Shirai, Y. and Hassan,
M.A. (2009b). Optimization of biohydrogen production by Clostridium butyricum
EBG6 from palm oil mill effluent using response surface methodology. International
Journal of Hydrogen Energy, 34, 7475-7482.

Chong, M.L., Rahman, N.A.A., Yee, P.L., Abd-Aziz, S., Abd-Rahim, R., Shirai, Y. and
Hassan, M.A. (2009c). Effects of pH, glucose and iron sulfate concentration on the
yield of biohydrogen by Clostridium butyricum EBG6. International Journal of
Hydrogen Energy, 34, 8859-8865.

Claassen, P.A.M., De Vrije, T., Budde, M.A.W., Koukios, E.G., Glynos, A. and Réczey,
K. (2004, May). Biological hydrogen production from sweet sorghum by
thermophilic bacteria. In Proceedings 2nd World Conference on Biomass for
Energy, Rome (pp. 1522-1525).

Claassen, P.A.M., Vrije, T.D., Koukios, E.G., Niel, EW.J., Eroglu, |., Modigell, M.,
Friedl, A., Wukovits, W. and Ahrer, W. (2010). Non-thermal production of pure
hydrogen from biomass: hyvolution. Journal of Cleaner Production, 18, S4-S8.

Collet, C., Adler, N., Schwitzguébel, J.P. and Péringer, P. (2004). Hydrogen production
by Clostridium thermolacticum  during continuous fermentation  of
lactose. International Journal of Hydrogen Energy, 29(14), 1479-1485.

Collodi, G. and Wheeler, F. (2010). Hydrogen production via steam reforming with CO-
capture. Chemical Engineering Transactions, 19, 37-41.

Cubillos, G., Arrué, R., Jeison, D., Chamy, R., Tapia, E., Rodriguez, J. and Ruiz-Filippi,
G. (2010). Simultaneous effects of pH and substrate concentration on hydrogen
production by acidogenic fermentation. Electronic Journal of Biotechnology, 13(1),
11-12.

79



Dabrock, B., Bahl, H. and Gottschalk, G. (1992). Parameters affecting solvent
production by Clostridium pasterium. Applied Environmental Microbiology, 58,
1123-1131.

De Vrije, T. and Claassen, P.A.M. (2003). Dark hydrogen fermentations. Bio-methane
and Bio-hydrogen, 103-123.

de Vrije, T., Bakker, R.R., Budde, M. AW, Lai, M.L., Mars, A.E. and Claassen, P.A.M.
(2009). Efficient hydrogen production from the lignocellulosic energy
crop Miscanthus by the extreme thermophilic bacteria Caldicellulosiruptor
saccharolyticus and Thermotoga neapolitana. Biotechnology for Biofuel, 2, 12

Delmer, D.P. and Amor, Y. (1995). Cellulose Biosynthesis. Plant Cell, 7(7), 987-1000.

Department of Agricultural Sarawak (2010). Sarawak agricultural statistic: export of
sago product 2001-10, DAS, Malaysia:
(http://www.doa.sarawak.gov.my/modules/web/page.php?id=504).

Deparment of Statistic, Sarawak (2012). Export of sago products 2003 — 2012.
(http://www.doa.sarawak.gov.my)

Divne, C., Stahlberg, J., Teeri, T.T. and Jones, T.A. (1998). High-resolution crystal
structures reveal how a cellulose chain is bound in the 50 A long tunnel of
cellobiohydrolase | from Trichoderma reesei. Journal of Molecular Biology, 275(2),
309-325.

DOE, U. (2007). International Energy outlook 2007. Technical Report No. DOE/EIA-
0484, http://www. eia. doe. gov/oiaf/ieo/pdf/0484 (2007). pdf.

Doremus, M.G., Linden, J.C. and Moreira, A.R. (1985). Agitation and pressure effects
on acetone-butanol fermentation. Biotechnology and Bioengineering, 27(6), 852-
860.

Dutta, J.R., Dutta, P.K. and Banerjee, R. (2004). Optimization of culture parameters for
extracellular protease production from a newly isolated Pseudomonas sp. using
response  surface and  artificial neural network  models. Process
Biochemistry, 39(12), 2193-2198.

Ebringerova, A., Hromadkova, Z. and Heinze, T. (2005). Hemicellulose. Advance in
Polymer Sciences, 186, 1-67.

EIA, U. (2011). Annual energy outlook 2011 with projections to 2035. Washington DC:
Energy Information Administration, United States Department of Energy.

El-Shafie, A. (2012). Neural network nonlinear modeling for hydrogen production using
anaerobic fermentation. Neural Computing and Applications, 8, 1-9.

80


http://www.doa.sarawak.gov.my/modules/web/page.php?id=504

El-Shafie, A., Abdelazim, T. and Noureldin, A. (2010b). Neural network modelling of
time-dependent creep deformations in masonry structures. Neural Computing and
Applications 19(4), 583-594.

El-Shafie, A., Noureldin, A.E., Taha, M.R. and Basri, H. (2008). Neural network model
for Nile river inflow forecasting based on correlation analysis of historical inflow
data. Journal of Applied Sciences, 8(24), 4487-4499.

El-Shafie, A., Osman, A., Noureldin, A. and Hussain, A. (2010a). Performance
evaluation of a nonlinear error model for underwater range computation utilizing
GPS sonobuoys. Neural Computing and Applications, 19(5), 272—-283.

El-Shafie, A.H., EI-Shafie, A., El Mazoghi, H.G., Shehata, A. and Taha, M.R. (2011).
Artificial neural network technique for rainfall forecasting applied to Alexandria,
Egypt. International Journal of Physical Sciences, 6(6), 1306-1316.

Eriksen, N.T., Nielsen, T.M. and Iversen, N. (2008). Hydrogen production in anaerobic
and microaerobic Thermotoga neapolitana. Biotechnology Letters, 30, 103-109.

Esteghlalian, A.R., Mansfield, S.D. and Saddler, J.N. (2002). Cellulases: Agents for
fiber modification or bioconversion? The effect of substrate accessibility on
cellulose enzymatic hydrolyzability. Biotechnology Pulp Paper Industry: Program
Biotechnology 21, 21-36.

Evvyernie, D., Morimoto, K., Karita, S., Kimura, T., Sakka, K, and Ohmiya, K. (2001).
Conversion of chitinous wastes to hydrogen gas by Clostridium paraputrificum M-
21. Journal of Biosciences and Bioengineering, 91, 339-343.

Ezeji, T.C., Qureshi, N. and Blaschek, H.P. (2007). Bioproduction of butanol from
biomass: from genes to bioreactors. Current Opinion in Biotechnology, 18 (3):
220-227.

Ezhumalai, S. and Thangavelu, V. (2010). Kinetic and optimization studies on the
bioconversion of lignocellulosic material into ethanol. BioResources, 5(3), 1879-
1894.

Fabiano, B. and Perego, P. (2002). Thermodynamic study and optimization of hydrogen
production by Enterobacter aerogenes. International Journal of Hydrogen
Energy, 27(2), 149-156.

Fan, Y., Li, C., Lay, J.J., Hou, H. and Zhang, G. (2004). Optimization of initial substrate
and pH levels for germination of sporing hydrogen-producing anaerobes in cow
dung compost. Bioresource Technology, 91(2), 189-193.

Fang, H.H., Li, C. and Zhang, T. (2006). Acidophilic biohydrogen production from rice
slurry. International Journal of Hydrogen Energy, 31(6), 683-692.

81



Fang, H.H.P., Zhang, H. and Liu, H. (2002). Microbial diversity of mesophilic hydrogen
producing sludge. Applied Microbiology and Biotechnology, 58, 112-118.

Fang, J.M., Sun, R.C., Tomkinson, J. and Fowler, P. (2000). Acetylation of wheat straw
hemicellulose B in a new non-aqueous swelling system. Carbohydrate Polymer,
41, 379-387.

Fedorov, A.S., Tsygankov, A.A., Rao, KKK. and Hall, D.O. (1998). Hydrogen
photoproduction by Rhodobacter sphaeroides immobilised on polyurethane
foam. Biotechnology Letters, 20(11), 1007-1009.

Fengel, D., and Wegener, G. (1989). Polyoses (hemicelluloses). Wood: Chemistry,
Ultrastructure, Reactions, 106-131.

Festucci-Buselli, R.A., Otoni, W.C. and Joshi, C.P. (2007). Structure, organization, and
functions of cellulose synthase complexes in higher plants. Brazil Journal of Plant
Physiology 19(1), 1-13.

Fields, S. (2003). Making the best of biomass hydrogen for fuel cells. Environmental
Health Perspectives, 1(11), A38-A41.

Fuel Cell and Hydrogen Energy Association, (2013). Hydrogen energy review.
Retreived from http://www.fchea.org/index.php?id=46, on 15 November 2012.

Gallucci, F., Comite, A., Capannelli, G. and Basile A. (2006). Steam reforming of
methane in a membrane reactor: an industrial case study. Industrial and
Engineering Chemistry Research. 45, 2994-3000.

Ginkel, S.V. and Logan, B.E. (2005). Inhibition of biohydrogen production by
undissociated acetic and butyric acids. Environmental Science and Technology,
39, 9351-9356.

Goering, H.K. and Van Soest, P.J. (1970). Forage Fiber Analysis (apparatus, reagents,
procedures and some applications) USDA Agricultural Handbook No. 379.

Gowlett, J.A.J. (2006). The early settlement of northern Europe: fire history in the
context of climate change and the social brain. Comptes Rendus Palevol, 5(1),
299-331.

Grupe, H. and Gottschalk, G. (1986). Physiological events in Clostridium
acetobutylicum during the shift from acidogenesis to solventogenesis in
continuous culture and presentation of a model for shift induction. Applied
Environmental Microbioloy, 58(12), 3896-3902.

Guo, W.Q., Ren, N.Q., Wang, X.J., Xiang, W.S., Ding, J., You, Y. and Liu, B.F. (2009).
Optimization of culture conditions for hydrogen production by Ethanoligenens
harbinense B49 using response surface methodology. Bioresource Technology,
100, 1192-1196.

82



Ha, M.A., Apperley, D.C., Evans, B.W., Huxman, |.M., Jardine, W.G., Vietor, R.J., Reis,
D., Vian, B. and Michael C.J. (1998). Fine structure in cellulose microfibrils: NMR
evidence from onion and quince. Plant, 16(2), 183-90.

Hamilton, C., Hiligsmann, S., Beckers, L., Masset, J., Wilmotte, A. and Thonart, P.
(2010). Optimization of culture conditions for biological hydrogen production by
Citrobacter freundii CWBI952 in batch, sequenced-batch and semicontinuous
operating mode. International Journal of Hydrogen Energy, 35(3), 1089-1098.

Hassan, M.A., Yacob, S. and Shirai, S.Y. (2004). Treatment of palm oil wastewaters,
Wang, L.K., Hung Lo, Y.H.H. and Yapijakis, C. (ed.), Handbook of Industrial and
Hazardous Waste Treatment, Marcel Dekker Inc, New York, p. 719-736.

Hasyim, R., Imai, T., O-Thong, S. and Sulistyowati, L. (2011). Biohydrogen production
from sago starch in wastewater using an enriched thermophilic mixed culture from
hot spring. International Journal of Hydrogen Energy 36(21), 14162-14171.

Heinze, T. and Liebert, T. (2001). Unconventional methods in cellulose
functionalization. Progress in Polymer Science, 26(9), 1689-1762.

Hendriks, A.T.W.M. and Zeeman, G. (2009). Pretreatments to enhance the digestibility
of lignocellulosic biomass. Bioresource Technology, 100(1), 10-18.

Hillmer, P. and Gest, H. (1977). H, metabolism in the photosynthetic bacterium
Rhodopseudomonas capsulata: Hz production by growing cultures. Journal of
Bacteriology, 129(2), 724-731.

Ho, K.L., Chen, Y.Y. Lee, D.J. (2010). Biohydrogen production from cellobiose in
phenol and cresol-containing medium using Clostridium sp. R1. International
Journal of Hydrogen Energy, 35(19), 10239-10244.

Holladay, J.D., Hu, J., King, D.L. and Wang, Y. (2009). An overview of hydrogen
production technologies. Catalysis Today, 139(4), 244-260.

Horigome, T., Sakaguchi, E., Takamura, Y., Bintaro, M. H., Haryanto, B., Tandi, E. J.
and Marangkey, M. P. (1991). The feeding value of pith and pith residue from
sago palms. In 4. International Sago Symposium, Kuching, Sarawak (Malaysia),
6-9 Aug 1990. Ministry of Agriculture and Community Development.

Ibrahim, M.F., Abd-Aziz, S., Razak, M.N.A., Phang, L.Y. and Hassan, M.A. (2012). OiIl
palm empty fruit bunch as alternative substrate for acetone butanol ethanol
production by Clostridium butyricum EB6. Applied Biochemistry and
Biotechnology, 166, 1615-1625.

Ibrahim, M.F., Razak, M.N.A., Phang, L.Y., Hassan, M.A. and Abd-Aziz, S. (2013).
Crude cellulase from oil palm empty fruit bunch by Trichoderma asperellum UPM1
and Aspergillus fumigatus UPM2 for fermentable sugars production. Applied
Biochemistry and Biotechnology, doi 10.1007/s12010-013-0275-2.

83



Ihme, M., Marsden, A. L. and Pitsch, H. (2008). Generation of optimal artificial neural
networks using a pattern search algorithm: Application to approximation of
chemical systems. Neural Computation, 20(2), 573-601.

Ikram-ul-Haq, Javed, M.M., Khan, T.S. and Siddiq, Z. (2005). Cotton saccharifying
activity of cellulases produced by co-culture of Aspergillus niger and Trichoderma
viride. Research Journal of Agriculture and Biological Sciences, 1(3), 241-245.

Inayat, A., Ahmad, M.M., Ahmad Mutalib, M.I. and Yusup, S. (2012). Process modeling
for parametric study on oil palm empty fruit bunch steam gasification for hydrogen
production. Fuel Processing Technology, 93(1), 26-34.

Jayasinghearachchi, H.S., Singh, S., Sarma, P.M., Aginihotri, A. and Lal, B. (2010).
Fermentative hydrogen production by new marine Clostridium amygdalinum strain
C9 isolated from offshore crude oil pipeline. International Journal of Hydrogen
Energy, 35(13), 6665-6673.

Jones, D.T. and Woods, D.R. (1986). Acetone-butanol fermentation revisited.
Microbiologival Reviews, 50(4), 484-524.

Kadam, S.K. and Demain, A.L. (1989). Addition of cloned B-glucosidase enhances the
degradation of crystalline cellulose by the Clostridium thermocellum cellulose
complex. Biochemical and Biophysical Research Communications, 161(2), 706-
711.

Kalia, V.C., Jain, S.R., Kumar, A. and Joshi, A.P. (1994). Frementation of biowaste to
H2 by Bacillus licheniformis. World  Journal of Microbiology and
Biotechnology, 10(2), 224-227.

Kalinci, Y., Hepbasli, A. and Dincer, |. (2009). Biomass-based hydrogen production: a
review and analysis. International Journal of Hydrogen Energy, 34, 8799-8817.

Kandra, L., Gyémant, G., Remenyik, J., Ragunath, C. and Ramasubbu, N. (2003).
Subsite mapping of human salivary a-amylase and the mutant Y151M. FEBS
Letters, 544(1), 194-198.

Karaca, F. and Ozkaya, B. (2006). NN-LEAP: A neural network-based model for
controlling leachate flow-rate in a municipal solid waste landfill site. Environmental
Modeling and Software, 21(8), 1190-1197.

Karim, A.A., Tie, A.P.L., Manan, D.M.A. and Zaidul, I.S.M. (2008). Starch from the sago
(Metroxylon sagu) palm tree—properties, prospects, and challenges as a new
industrial source for food and other uses. Comprehensive Reviews in Food
Science and Food Safety, 7(3), 215-228.

Kazim, A. and Veziroglu, T.N. (2001). Utilization of solar—hydrogen energy in the UAE
to maintain its share in the world energy market for the 21st century. Renewable
Energy, 24(2), 259-274.

84



Keskin, T. and Hallenbeck, P.L. (2012). Fundemental of the fermentative production of
hydrogen: Baskar C., Baskar S., Dhillon R.S. (ed.). Biomass conversion: the
interface of biotechnology, chemistry and materials science. Springer, US, p. 313.

Khaleb, N.A., Jahim, J.Md. and Ahmad Kamal, S. (2012). Biohydrogen production using
hydrolysates of palm oil mill effluent (POME). Journal of Asian Scientific
Research, 2(11), 705-710.

Khanal, S.K., Chen, W.H., Li, L. and Sung, S. (2004). Biological hydrogen production:
Effects of pH and intermediate products. International Journal of Hydrogen
Energy, 29, 1123-1131.

Kim, J. R., Dec, J., Bruns, M. A., & Logan, B. E. (2008). Removal of odors from swine
wastewater by using microbial fuel cells. Applied and Environmental
Microbiology, 74(8), 2540-2543.

Kim, S.H., Han, S.K. and Shin, H.S. (2006). Effect of substrate concentration on
hydrogen production and 16S rDNA-based analysis of the microbial community in
a continuous fermenter. Process Biochemistry, 41(1), 199-207.

Kleerebezem, R. and van Loosdrecht, M.C.M. (2007). Mixed culture biotechnology for
bioenergy production. Current Opinion In Biotechnology, 18(3), 207-212.

Kongjan, P., O-Thong, S., Kotay, M., Min, B. and Angelidaki, I. (2010). Biohydrogen
production from wheat straw hydrolysate by dark fermentation using extreme
thermophilic mixed culture. Biotechnology and Bioengineering, 105(5), 899-908.

Kotay, S.M. and Das, D. (2007). Microbial hydrogen production with Bacillus coagulans
lIT-BT S1 isolated from anaerobic sewage sludge. Bioresource Technology, 98(6),
1183-1190.

Kotay, S.M. and Das, D. (2008). Biohydrogen as a renewable energy resource -
prospects and potentials. International Journal of Hydrogen Energy 33(1), 258-
263.

Krishna, S.H., Prasanth, K., Chowdry, G.V. and Ayyanna, C. (1998). Simultaneous
saccharification and fermentation of pretreated sugar-cane leaves to ethanol.
Process Biochemistry, 38, 825-830.

Kumar, A., Jain, S.R., Sharma, C.B., Joshi, A.P. and Kalia, V.C. (1995). Increased H2
production by immobilized microorganisms. World Journal of Microbiology and
Biotechnology, 11(2), 156-159.

Kumar, N. and Das, D. (2000). Enhancement of hydrogen production by Enterobacter
cloacae IIT-BT 08. Process Biochemistry, 35(6), 589-593.

85



Kumaran, S., Sastry, C. and Vikineswary, S. (1997). Laccase, cellulase and xylanase
activity during growth of Pleurotus sajor-caju on sago hampas. World Journal of
Microbiology and Biotechnology, 13, 43-49.

Lay, J.J., Li, Y.Y. and Noike, T. (1997). Influences of pH and moisture content on the
methane production in high-solids sludge digestion. Water Research, 31(6), 1518-
1524.

Lay, C.H., Kuo, S.Y., Sen, B., Chen, C.C.,, Chang, J.S. and Lin, C.Y. (2012).
Fermentative biohydrogen production from starch-containing textile wastewater.
International Journal of Hydrogen Energy, 37(2), 2050-2057.

Lay, J.J., Lee, Y.J. and Noike, T. (1999). Feasibility of biological hydrogen production
from organic fraction of municipal solid waste. Water Research, 33, 2576-2586.

Lee, Y.J., Miyahara, T. and Noike, T. (2002). Effect of pH on microbial hydrogen
fermentation. Journal of Chemical Technology and Biotechnology, 77(6), 694-698.

Levin, D.B. and Chahine, R. (2010). Challenges for renewable hydrogen production
from biomass. International Journal of Hydrogen Energy, 35(10), 1-8.

Levin, D.B., Islam, R., Cicek, N. and Sparling, R. (2006). Hydrogen production by
Clostridium thermocellum 27405 from cellulosic biomass substrates. International
Journal of Hydrogen Energy, 31(11), 1496-1503.

Levin, D.B., Pitt, L. and Love, M. (2004). Biohydrogen production: prospects and
limitations to practical application. International Journal of Hydrogen Energy,
29(2), 173-185.

Li, C. and Fang, H.H.P. (2007). Fermentative hydrogen production from wastewater and
solid wastes by mixed cultures. Critical Reviews in Environmental Science and
Technology, 37(1), 1-39.

Li, D. and Chen, H. (2007). Biological hydrogen production from steam exploded straw
by simultaneous saccharification and fermentation. International Journal of
Hydrogen Energy, 32(12), 1742-1748.

Lin, C.Y. and Chang, R.C. (2004). Fermentative hydrogen production at ambient
temperature. International Journal of Hydrogen Energy, 29(7), 715-720.

Lin, C.Y. and Jo, C.H. (2003). Hydrogen production from sucrose using an anaerobic
sequencing batch reactor process. Journal of Chemical Technology and
Biotechnology, 78(6), 678-684.

Lin, C.Y. and Lay, C.H. (2004). Carbon/nitrogen-ratio effect on fermentative hydrogen
production by mixed microflora. International Journal of Hydrogen Energy, 29(1),
41-45.

86



Lin, C.Y., Wu, C.C. and Hung, C.H. (2008). Temperature effects on fermentative
hydrogen production from xylose using mixed anaerobic cultures. International
Journal of Hydrogen Energy, 33(1), 43-50.

Lin, P.Y., Whang, L.M., Wu, Y.R., Ren, W.J., Hsiao, C.J., Li, S.L. and Chang, J.S.
(2007). Biological hydrogen production of the genus Clostridium: Metabolic study
and mathematical model simulation. International Journal of Hydrogen
Energy, 32(12), 1728-1735.

Lin, Y. and Tanaka, S. (2006). Ethanol fermentation from biomass resources: current
state and prospects. Applied Microbiology and Biotechnology, 69(6), 627-642.

Linggang, S., Phang, L.Y., Wasoh, M.H. and Abd-Aziz, S. (2012). Sago pith residue as
an alternative cheap substrate for fermentable sugars production. Applied
Biochemistry and Biotechnology, 167(1), 122-131.

Liu, G. and Shen, J. (2004). Effects of culture and medium conditions on hydrogen
production from starch using anaerobic bacteria. Journal of Biosciences and
Bioengineering, 98, 251-256

Liu, H., Grot, S. and Logan, B.E. (2005). Electrochemically assisted microbial
production of hydrogen from acetate. Environmental Science and Technology,
39(11), 4317-4320.

Liu, I.C., Whang, L.M., Ren, W.J. and Lin, P.Y. (2011). The effect of pH on the
production of biohydrogen by clostridia: thermodynamic and metabolic
considerations. International Journal of Hydrogen Energy, 36. 439-449.

Lo, Y.C., Chen, W.M., Hung, C.H., Chen, S.D. and Chang, J.S. (2008). Dark H2
fermentation from sucrose and xylose using H2-producing indigenous bacteria:
feasibility and kinetic studies. Water Research, 42(4-5), 827-842.

Lo, Y.C., Lu, W.C., Chen, C.Y. and Chang, J.S. (2010). Dark fermentative hydrogen
production from enzymatic hydrolysate of xylan and pretreated rice straw by
Clostridium butyricum CGS5. Bioresource Technology, 101(15), 5885-5891.

Lora, J. H. and Glasser, W. G. (2002). Recent industrial applications of lignin: a
sustainable alternative to nonrenewable materials. Journal of Polymers and the
Environment, 10(1-2), 39-48.

Luo, G., Karakashev, D., Xie, L., Zhou, Q. and Angelidaki, I. (2011). Long-term effect of
inoculum pretreatment on fermentative hydrogen production by repeated batch
cultivations: Homoacetogenesis and methanogenesis as competitors to hydrogen
production. Biotechnology and Bioengineering, 108(8), 1816-1827.

87



Maddox, I.S., Steiner, E., Hirsch, S., Wessner, S., Gutierrez, N.A., Gapes, J.R. and
Schuster, K.C. (2000). The cause of “acid crush” and “acidogenic fermentations”
during the batch acetone-butanol-ethanol (ABE) fermentation process. Journal of
Molecular Microbiology and Biotechnology, 2(1), 95-100.

Manners, D.J. (1989). Recent developments in our understanding of amylopectin
structure. Carbohydrate Polymers, 11(2), 87-112.

Mars, A.E., Veuskens, T., Budde, M. AW., Doeveren, P.F.N.M., Lips, S.J.J., Bakker,
R.R., de Vrije, G.J. and Claassen, P.A.M. (2010). Biohydrogen production from
untreated and hydrolyzed potato steam peels by the extreme thermophiles
Caldicellulosiruptor saccharolyticus and Thermotoga neapolitana. International
Journal of Hydrogen Energy, 35, 7730-7737.

Martinez, I. N., Moran, J. M. and Pefa, F. J. (2006). Two-Step Cluster Procedure After
Principal Component Analysis Identifies Sperm Subpopulations in Canine
Ejaculates and Its Relation to Cryoresistance. Journal of Andrology, 27(4), 596-
603.

Masset, J., Calusinska, M., Hamilton, C., Hiligsmann, S., Joris, B., Wilmotte, A. and
Thonart, P. (2012). Fermentative hydrogen production from glucose and starch
using pure strains and artificial co-cultures of Clostridium spp. Biotechnology for
Biofuels, 5(1), 35.

McMillan, J.D. (1994). Pretreatment of lignocellulosic biomass. In: Himmel, M.E., Baker,
J.O. and Overend, R.P. (Eds.), Enzymatic conversion of biomass for fuels
production, ACS Symposium Series, vol. 566. ACS, Washington, DC; 1994. p.
292-324.

McMillan, J.D. (2004). Biotechnological routes to biomass conversion. DOE/NASULGC
Biomass & Solar Energy Workshops, August 3-4, 2004, National Renewable
Energy Laboratory.

Miller, G.L. (1959). “Use of dinitrosalacyclic acid reagent for determination of reducing
sugars,” Analysis Chemistry, 31, 426-428.

Mingzhi, H., Ma, Y., Jinquan, W., and Yan, W. (2009). Simulation of a paper mill
wastewater treatment using a fuzzy neural network. Expert Systems with
Applications, 36(3), 5064-5070.

Montgomery, D.C. and Myers, R.H. (1995). Response surface methodology: process
and product optimization using designed experiments. Raymond H.M. and
Douglas C.M., A Wiley-Interscience Publications.

Morohoshi, N. (1991). Chemical characterization of wood and its components. In: Hon,
D.N-S. and Shiraishi, N. (eds) Wood and cellulosic chemistry. Marcel Dekker,
New York, p. 331-392.

88



Morteza, A., Nakhjavani, M., Asgarani, F., Carvalho, F.L., Karimi, R. and Esteghamati,
A. (2013). Inconsistency in albuminuria predictors in type 2 diabetes: a
comparison between neural network and conditional logistic
regression. Translational Research, 161(5), 397-405.

Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y.Y., Holtzapple, M. and Ladicsh, M.
(2005). Features of promising technologies for pretreatment of lignocellulosic
biomass. Bioresource Technology, 96(6), 673—86.

Mu, Y., Wang, G. and Yu, H.Q. (2006). Response surface methodological analysis on
biohydrogen production by enriched anaerobic cultures. Enzyme and Microbial
Technology, 38(7), 905-913.

Mullai, P., Yogeswari, M.K. and Sridevi, K. (2013). Optimisation and enhancement of
biohydrogen production using nickel nanoparticles — a novel approach.
Bioresource Technology, doi: 10.1016/j.biortech.2013.03.082.

Mussatto, S.l., Fernandes, M., Milagres, A.M. and Roberto, |.C. (2008). Effect of
hemicellulose and lignin on enzymatic hydrolysis of cellulose from brewer's spent
grain. Enzyme and Microbial Technology, 43(2), 124-129.

Myers, R. H. and Montgomery, D. C., (1995). Response surface methodology: process
and product optimization using designed experiments. John Wiley & Sons, New
York.

Nagata, Y. and Chu, K.H. (2003). Optimization of a fermentation medium using neural
networks and genetic algorithms. Biotechnology Letters, 25(21), 1837-1842.

Nakamura, L.K. (1981). Lactobacillus amylovorus, a new starch-hydrolyzing species
from cattle waste corn fermentation. International Journal of Systematic
Bacteriology, 31(1), 56—63.

Nasr, N., Elbeshbishy, E., Hafez, H., Nakhla, G. and El Naggar, M.H. (2011).
Biohydrogen production from thin stillage using conventional and acclimatized
anaerobic digester sludge. International Journal of Hydrogen Energy, 36(20),
12761-12769.

Nasr, N., Hafez, H., El Naggar, M.H. and Nakhla, G. (2013). Application of artificial
neural networks for modeling of biohydrogen production. International Journal of
Hydrogen Energy, 38(8), 3189-3195.

Nath, K. and Das, D. (2004). Improvement of fermentative hydrogen production: various
approaches. Applied Microbiology and Biotechnology, 65(5), 520-529.

Nazlina, H.M.Y., Nor Aini, A.R., Ismail, F., Yusof, M.Z.M. and Hassan, M.A. (2009).
Effect of different temperature, initial pH and substrate composition on
biohydrogen production from food waste in batch fermentation. Asian Journal of
Biotechnology, 1(2), 42-50.

89



Ni, M., Leung, D.Y.C., Leung, M.K.H. and Sumathy, K. (2006). An overview of hydrogen
production from biomass. Fuel Processing Technology, 87, 461-472.

Ni, M., Leung, M.K., Leung, D.Y. and Sumathy, K. (2007). A review and recent
developments in photocatalytic water-splitting using TiO2 for hydrogen
production. Renewable and Sustainable Energy Reviews, 11(3), 401-425.

Nikhil, G.N., Mohan, S.V. and Swamy, Y.V. (2014). Behavior of acidogenesis during
biohydrogen production with formate and glucose as carbon source: subtsrate
associated dehydrogenase expression. International Journal of Hydrogen Energy,
39, 7486-7495.

Niu, K., Zhang, X., Tan, W.S. and Zhu, M.L. (2011). Effect of culture conditions on
producing and uptake hydrogen flux of biohydrogen fermentation by metabolic flux
analysis method. Bioresource Technology, 102, 7294-7300.

Noureldin, A., EI-Shafie, A. and Bayoumi, M. (2011). GPS/INS integration utilizing
dynamic neural networks for vehicular navigation. Information Fussion, 12(1), 48-
57.

Oehlert, G.W. (2000). A first course in design and analysis of experiments (Vol. 1). New
York: WH Freeman.

Oh, Y.K,, Park, M.S., Seol, E.H., Lee, S.J. and Park, S. (2003). Isolation of hydrogen-
producing bacteria from granular sludge of an upflow anaerobic sludge blanket
reactor. Biotechnology and Bioprocess Engineering, 8(1), 54-57.

Oh, Y.K., Seol, E.H., Kim, M.S. and Park, S. (2004). Photoproduction of hydrogen from
acetate by a chemoheterotrophic bacterium Rhodopseudomonas palustris
P4. International Journal of Hydrogen Energy, 29(11), 1115-1121.

Oh, Y.K., Seol, E.H., Lee, E.Y. and Park, S. (2002). Fermentative hydrogen production
by a new chemoheterotrophic bacterium Rhodopseudomonas Palustris
P4. International Journal of Hydrogen Energy, 27(11), 1373-1379.

O-Thong, S., Hniman, A., Prasertsan, P. and Imai, T. (2011). Biohydrogen production
from cassava starch processing wastewater by thermophilic mixed
cultures. International Journal of Hydrogen Energy, 36(5), 3409-3416.

Ozawa, T., Takahiro, O., and Osama, N. (1996). Hemicelluloses in the fibrous residue
of sago palm. Proceeding of the Sixth International Sago Symposium, Pekan Baru.

Ozawa, T., Ueno, T., Negishi, O., & Masaki, S. (1998). Chemical characteristics of
hemicelluloses in the fibrous residue of sago palm [Metroxylon]. Japanese Journal
of Tropical Agriculture, 42.

Ozgiir, E., Afsar, N., de Vrije, T., Yicel, M., Giindiiz, U., Claassen, P.A.M. and Eroglu,
I. (2010c). Potential use of thermophilic dark fermentation effluents in

90



photofermentative hydrogen production by Rhodobacter capsulatus. Journal of
Cleaner Production, 18, S23-S28.

Ozgir, E., Mars, A.E., Peksel, B., Louwerse, A., Yiicel, M., Giindiiz, U., Classeen,
P.A.M. and Eroglu, I. (2010b). Biohydrogen production from beet molasses by
sequential dark and photofermentation. International Journal of Hydrogen
Energy, 35(2), 511-517.

Ozgiir, E., Uyar, B., Oztirk, Y., Yicel, M., Giindiiz, U. and Eroglu, I. (2010a).
Biohydrogen production by Rhodobacter capsulatus on acetate at fluctuating
temperatures. Resources, Conservation and Recycling, 54(5), 310-314.

Ozkaya, B., Visa, A., Lin, C.Y., Puhakka, J.A. and Yli-Harja, O. (2008). an artificial
neural network based model for predicting H2 production rates in a sucrose-based
bioreactor system. International Journal of Mathematical, Physical and
Engineering Sciences, 2(2).

Palmqvist, E. and Hahn-Hagerdal, B. (2000a). Fermentation of lignocellulosic
hydrolysates. I: inhibition and detoxification. Bioresource Technology, 74(1), 17-
24,

Palmqvist, E. and Hahn-Hagerdal, B. (2000b). Fermentation of lignocellulosic
hydrolysates. Il: inhibitors and mechanisms of inhibition. Bioresource
Technology, 74(1), 25-33.

Pan, C.M., Fan, Y.T., Xing, Y., Hou, HW. and Zhang, M.L. (2008). Statistical
optimization of process parameters on biohydrogen production from glucose by
Clostridium sp. Fanp2. Bioresource Technology, 99(8), 3146-3154.

Pandu, K. and Joseph, S. (2012). Comparisons and limitations of biohydrogen
production processes: a review. International Journal of Advance Engineering and
Technology, 2, 342-356.

Passenier, A. and Lak, M. (2009). Scarcity and transition: Research questions for future
policy. The Hague, Ministry of Housing, Spatial Planning and the Environment and
Ministry of Foreign Affairs, 74.

Pattra, S., Sangyoka, S., Boonmee, M. and Reungsang, A. (2008). Bio-hydrogen
production from the fermentation of sugarcane bagasse hydrolysate by
Clostridium butyricum. International Journal of Hydrogen Energy, 33, 5256-5265.

Patwardhan, A.D. (2008). Industrial wastewater treatment. technology and engineering,
PHI Learning PVT. Ltd., New Delhi. ISBN-978-81-203-3350-5. pp: 235-236.

Perego, C. and Bianchi, D. (2010). Biomass upgrading through acid—base
catalysis. Chemical Engineering Journal, 161(3), 314-322.

91



Perego, P., Fabiano, B., Ponzano, G.P. and Palazzi, E. (1998). Experimental study of
hydrogen kinetics from agroindustrial by-product: optimal conditions for production
and fuel cell feeding. Bioprocess Engineering, 19(3), 205-211.

Perera, K.R.J., Ketheesan, B., Gadhamshetty, V. and Nirmalakhandan, N. (2010).
Fermentative biohydrogen production: evaluation of net energy gain. International
Journal of Hydrogen Energy, 35(22), 12224-12233.

Phang, S. M., Miah, M. S., Yeoh, B. G., & Hashim, M. A. (2000). Spirulina cultivation in
digested sago starch factory wastewater. Journal of Applied Phycology, 12(3-5),
395-400.

Pin, C. and Baranyi, J. (2006). Kinetic of single cells: observation and modeling of a
stochastic process. Applied and Environmental Microbiology, 72, 2163-2169.

Potter, A.L. and Hassid, W.Z. (1948). Starch. Il. Molecular Weights of Amyloses and
Amylopectins from Starches of Various Plant Origins. Journal of the American
Chemical Society, 70(11), 3774-3777.

Prakasham, R.S., Brahmaiah, P., Sathish, T. and Sambasiva Rao, K.R.S. (2009).
Fermentative biohydrogen production by mixed anaerobic consortia: impact of
glucose to xylose ratio. International Journal of Hydrogen Energy, 34(23), 9354-
9361.

Prakasham, R.S., Sathish, T. and Brahmaiah, P. (2010). Biohydrogen production
process optimization using anaerobic mixed consortia: A prelude study for use of
agro-industrial material hydrolysate as substrate. Bioresource
Technology, 101(14), 5708-5711.

Prasertsan, P., O-Thong, S. and Birkeland, N. (2009). Optimization and microbial
community analysis for production of biohydrogen from palm oil mill effluent by
thermophilic fermentation process. International Journal of Hydrogen Energy,
34(17), 7448-7459.

Qian, C.X,, Chen, L.Y., Rong, H. and Yuan, X.M. (2011). Hydrogen production by mixed
culture of several facultative bacteria and anaerobic bacteria. Progress in Natural
Science: Materials International, 21(6), 506-511.

Rajasimman, M. and Karthikeyan, C. (2007). Aerobic digestion of starch wastewater in
a fluidized bed bioreactor with low density biomass support. Journal of Hazardous
Materials, 143(1), 82-86.

Rajeshwar, K., McConnell, R. and Licht, S. (2008). Solar hydrogen generation. toward a
renewable energy future. Springer-Verlag: New York.

Rajoka, M.I., Durani, I.S. and Khalid, A.M. (2004). Kinetics of improved production and
thermostability of an intracellular B-glucosidase from mutant-derivative of
Cellulomonasbiozotea. Biotechnology Letters, 26, 281-285.

92



Ramey, D. and Shang, T.Y. (2004). Production of butyric acid and butanol from
biomass: final report, Environmental Energy Inc. Department of Chemical and
Biomolecular Engineering, The Ohio State University.

Razak, M.N.A., Ibrahim, M.F., Phang, L.Y., Hassan, M.A. and Abd-Aziz, S. (2012).
Utilization of oil palm decanter cake for cellulase and polyoses production.
Biotechnology and Bioprocess Engineering, 17(3), 547-555.

Reeve, A. (1992). Starch hydrolysis: Process and equipment, Schenk, F.W. and
Hebeda, R.E.(ed.). Starch hydrolysis products. VCH Publishers Inc. New York, pp.
79-120.

Ren, N., Xing, D., Rittmann, B.E., Zhao, L., Xie, T. and Zhao, X. (2007). Microbial
community structure of ethanol type fermentation in bio-hydrogen
production. Environment Microbiology, 9(5), 1112-1125.

Rifat, A., Paramaswari, S., Abdullah, N. and Sekaran, M. (2003). Optimization of
laccase productivity during solid substrate fermentation of sago hampas by
Pycnoporus sanguineus, Malaysian Journal of Science, 22, 35—42.

Robledo-Narvaez, P.N., Mufoz-Paez, K.M., Poggi-Varaldo, H.M., Rios-Leal, E., Calva-
Calva, G., Ortega-Clemente, L.A., Noemi Rinderknecht-Seijas, N., Estrada-
Vazquez, C., Ponce-Noyola, M.T. and Salazar-Montoya, J.A. (2013). The
influence of total solids content and initial pH on batch biohydrogen production by
solid substrate fermentation of agroindustrial wastes. Journal of Environmental
Management, 128, 126-137.

Rodrigues, L., Teixeira, J., Oliveira, R. and Van Der Mei, H. C. (2006). Response
surface optimization of the medium components for the production of
biosurfactants by probiotic bacteria. Process Biochemistry, 41(1), 1-10.

Roychowdhury, S., Cox, D. and Levandowsky, M. (1988). Production of hydrogen by
microbial fermentation. International Journal of Hydrogen Energy, 13(7), 407-410.

Rubin, E.M. (2008). Genomic of cellulosic biofuels. Nature 454, 841-845.

Saha, B. C. (2003). Hemicellulose bioconversion. Journal of Industrial Microbiology and
Biotechnology, 30(5), 279-291.

Saint-Amans, S., Girbal, L., Andrade, J., Ahrens, K. and Soucaille, P. (2001).
Regulation of carbon and electron flow in Clostridium butyricum VPI 3266 grown
on glucose-glycerol mixtures. Journal of. Bacteriology, 183(5), 1748-1754.

Saratale, G.D., Chen, S.D., Lo, Y.C., Saratale, R.G. and Chang, J.S. (2008). Outlook of
biohydrogen production from lignocellulosic feedstock using dark fermentation — a
review. Journal of Scientific and Industrial Research, 67, 962-979.

93



Saravanane, R., D.V.S. Murthy and K. Krishnaiah (2001). Anaerobic treatment and
biogas recovery for sago wastewater management using a fluidized bed reactor.
Water Science and Technology, 44, 141-147.

Sarawak agriculture statistics 2010, exports of sago starch by country of destination
2006-2010,
http://www.doa.sarawak.gov.my/modules/web/page.php?id=504&se=sagostarch.

Saunders, J., lzydorczyk, M. and Levin D.B. (2011). Limitations and challenges for
wheat-based bioethanol production, economic effects of biofuel production, Dr.
Marco Aurelio Dos Santos Bernardes (Ed.), ISBN: 978-953-307-178-7, InTech,
DOI: 10.5772/20258. Available from: http://www.intechopen.com/books/economic-
effects-of-biofuel-production/limitations-and-challenges-for-wheat-based-
bioethanol-production.

Senic, G. (2002). Small-scale food processing enterprises in Malaysia, MARDI
Malaysia: http://www.agnet.org/htmlarea_ file/library/20110716000322/eb409.pdf.

Shahrmi, Z., Sabaratnam, V., Rahman, N.A.A., Abd-Aziz, S., Hassan, M.A., Karim,
M.I.A. (2008). Production of reducing sugars by Trichoderma sp. KUPMO0O0O1
during solid substrate fermentation of sago starch processing waste hampas.
Research Journal of Microbiology, 3, 569-579.

Shi, H., Gao, Y. and Wang, X. (2010). Optimization of injection molding process
parameters using integrated artificial neural network model and expected
improvement function method. The International Journal of Advanced
Manufacturing Technology, 48(9-12), 955-962.

Shin, H.S., Youn, J.H. and Kim, S.H. (2004). Hydrogen production from food waste in
anaerobic mesophilic and thermophilic acidogenesis. International Journal of
Hydrogen Energy, 29(13), 1355-1363.

Singhal, R.S., Kennedy, J.F., GopalaKrishnan, S.M., Kaczmarek, A., Knill, C.J. and
Akmar, P.F. (2008). Industrial production, processing and utilization of sago palm-
derived products. Carbohydrate Polymer, 17(1), 1-20.

Smith, A.M. (1999). Making starch. Current Opinion Plant Biology, 2, 223-229.

Smith, J.L. Fratamico, P.M. and Novak, J.S. (2004). Quorum sensing: a primer for food
microbiologists. Journal of Food Protection, 67, 1053.

Souza, P.M. and Magalhaes, P.D.O.E. (2010). Application of microbial a-amylase
production by Bacillus sp. using response surface methodology. Process
Biochemistry, 40, 2291-2296.

94



Sreethawong, T., Chatsiriwatana, S., Rangsunvigit, P. and Chavadej, S. (2010).
Hydrogen production from cassava wastewater using an anaerobic sequencing
batch reactor: Effects of operational parameters, COD:N ratio, and organic acid
composition. International Journal of Hydrogen Energy 35(9), 4092-4102.

Steinfeld, A. (2005). Solar thermochemical production of hydrogen — a review. Solar
Energy 78, 603-615.

Sun, Y. and Cheng, J.Y. (2002). Hydrolysis of lignocellulosic materials for ethanol from
lignocellulosic materials: a review. Bioresource Technology, 83, 1-11.

Taguchi, F., Yamada, K., Hasegawa, K., Saito-Taki, T. and Hara, K. (1996). Continuous
hydrogen production by Clostridium sp. strain no. 2 from cellulose hydrolysate in
an aqueous two-phase system. Journal of Fermentation and Bioengineering, 82,
180-183.

Taherzadeh, M.J. and Kamiri, K. (2007). Enzyme-based hydrolysis processes for
ethanol from lignocellulosic materials: a review. Bioresource Technology, 2(4),
707-38.

Tangphatsornruang, S., Naconsie, M., Thammarongtham, C. and Narangajavana, J.
(2005). Isolation and characterization of an a-amylase gene in cassava (Manihot
esculenta). Plant Physiology and Biochemistry, 43(9), 821-827.

Tao, Y., Chen, Y., Wu, Y., He, Y. and Zhou, Z. (2007). High hydrogen yield from a two-
step process of dark- and photo-fermentation of sucrose. International Journal of
Hydrogen Energy, 32, 200 — 206.

Terracciano, J.S. and Kashket, E.R. (1986). Intracellular conditions required for
initiation of solvent production by Clostridium acetobutylicum. Applied
Environmental Microbiology, 52(1), 86-91.

Tester, R.F. and Karkalas, J. (1996). Swelling and gelatinization of oat starches. Cereal
Chemistry, 73(2), 271-277.

Tsuru, T., Yamaguchi, K., Yoshioka, T. and Asaeda, M. (2004). Methane steam
reforming by microporous catalytic membrane reactors. American Institute of
Chemical Engineers Journal, 50(11), 2794-2805.

Turner, J., Sverdrup, G., Mann, M.K., Maness, P.C., Kroposki, B. and Ghirardi, M.
(2008). Renewable hydrogen production. International Journal of Hydrogen
Energy, 32, 379-407.

Ueno, Y., Haruta, S., Ishii, M. and Igarashi, Y. (2001). Microbial community in anaerobic
hydrogen-producing microflora enriched from sludge compost. Applied
Microbiology and Biotechnology, 57(4), 555-562.

95



Ueno, Y., Sato, S. and Morimoto, M. (1996). Hydrogen production from industrial
wastewater by anaerobic microflora in chemostate culture. Journal of
Fermentation and Bioengineering, 82(2), 194-197.

Umi Kalsom, M.S., Ariff, A.B. and Zulkifli, H.S. (1997). The treatment of oil palm empty
fruit bunch fibre for subsequent use as substrate for cellulase production
by Chaetomium globosum Kunze. Journal of Bioresources Technology, 62, 1-9.

Ursu'a, A., Gandi'a, L.M. and Sanchis P. (2012). Hydrogen production from water
electrolysis: current status and future trends. Institute of Electrical and Electronic
Engineers, 100(2), 410-426.

van der Maarel, M.J.E.C., van der Veen, B., Uitdehaag, J.C.M., Leemhuis, H. and
Dijkhuizen, L. (2002). Properties and applications of starch converting enzymes of
the a-amylase family. Journal of Biotechnology, 94, 137-155.

van Ginkel, S. and Logan, B.E. (2005). Inhibition of biohydrogen production by
undissociated acetic and butyric acids. Environmental Science and Technology,
39(23), 9351-9356.

van Ginkel, S., Sung, S., and Lay, J.J. (2001). Biohydrogen production as a function of
pH and substrate concentration. Environmental Science and Technology, 35(24),
4726-4730.

Vikineswary, S., Shim, Y.L., Thambirajah, J.J. and Blakebrough, N. (1994). Possible
microbial utilization of sago processing wastes. Resources, Conservation and
Recycling, 11(1), 289-296.

Walter, R.P., Morris, J.G. and Kell, D.B. (1987). The roles of osmotic stress and water
activity in the inhibition of the growth, glycolysis and glucose phosphotransferase
system of Clostridium pasteurianum. Journal of General Microbiology, 133(2),
259-66.

Wang, C.C., Chang, C.W., Chu, C.P., Lee, D.J., Chang, B.V. and Liao, C.S. (2003).
Producing hydrogen from wastewater sludge by Clostridium bifermentans. Journal
of Biotechnology, 102(1), 83-92.

Wang, J.L and Wan, W. (2008). Factors influencing fermentative hydrogen production:
a review. International Journal of Hydrogen Energy, 34(2), 799-811.

Wang, J.L. and Wan, W. (2009). Effect of temperature on fermentative hydrogen
production by mixed culture. International Journal of Hydrogen Energy, 33, 587-
593.

Wang, L., Zhou, Q. and Li, F.T. (2006). Avoiding propionic acid accumulation in the
anaerobic process for biohydrogen production. Biomass Bioenergy, 30(2), 177-
182.

96



Wang, W.J., Powell, A.D. and Oates, C.G. (1996). Sago starch as a biomass source:
raw sago starch hydrolysis by commercial enzymes. Bioresource
Technology, 55(1), 55-61.

Wang, Z.L., Naterer, G.F., Gabriel, K.S., Gravelsins, R. and Daggupati, V.N. (2010)
comparison of sulphur-iodine and cooper-chlorine thermochemical hydrogen
production. International Journal of Hydrogen Energy, 35, 4820-4830.

Wei, D., Liu, X. and Yang, S.T. (2013). Butyric acid production from sugarcane bagasse
hydrolysate by Clostridium tyrobutyricum immobilized in a fibrous-bed bioreactor.
Bioresource Technology, doi:10.1016/j.biortech.2012.11.065.

Wei, H., Bing, W., Xiaoye, L., Chunyu, L., Liran, Y. and Yongfeng, L. (2012).
Fermentative hydrogen production from molasses in an activated sludge
immobilized bioreactor. International Journal of Energy and Engineering, 2(1), 28—
31.

Wei, J., Liu, Z.T., and Zhang, X. (2010). Biohydrogen production from starch
wastewater and application in fuel cell. International Journal of Hydrogen Energy,
35, 2949-2952.

Winter, C.J. (2009). Hydrogen energy-Abundant, efficient, clean: A debate over the
energy-system-of-change. International Journal of Hydrogen Energy, 34, S1-S52.

Wood, T.M. and Bhat, K.M. (1988). Methods for measuring cellulases activity, Wood,
W.A. and Kellogg, S.T. (ed.). Methods in Enzymology, Academic Press Inc,
London, 160, 87-112.

Yang, H., Shao, P., Lu, T., Shen, J., Wang, D., Xu, Z. and Yuan, X. (2006). Continuous
bio-hydrogen production from citric acid wastewater via facultative anaerobic
bacteria. International Journal of Hydrogen Energy, 31(10) 1306-1313

Yean, C.T. and Lan, S.Y. (1993). Sago processing wastes. In Yeoh et al. (eds) Waste
management in malaysia: current status and prospects for bioremediation.
Ministry of Science, Technology and Environment of Malaysia, pp. 159-167.

Yinghuai, Z., Yuanting, K.T. and Hosmane, N.S. (2013). Applications of lonic Liquids in
Lignin Chemistry, lonic Liquids - New Aspects for the Future, Dr. Jun-ichi
Kadokawa (Ed.), ISBN: 978-953-51-0937-2, InTech, DOI: 10.5772/51161.
Available from: http://www.intechopen.com/books/ionic-liquids-new-aspects-for-
the-future/applications-of-ionic-liquids-in-lignin-chemistry.

Yokoi, H., Saitsu, A., Uchida, H., Hirose, J., Hayashi, S. and Takasaki, Y. (2001).
Microbial hydrogen production from sweet potato starch residue. Journal of
Biosciences and Bioengineering, 91(1), 58-63.

97



Yokoi, H., Tokushige, T., Hirose, J., Hayashi, S. and Takasaki, Y. (1997). Hydrogen
production by immobilized cells of aciduric Enterobacter aerogenes strain HO-
39. Journal of Fermentation and Bioengineering, 83(5), 481-484.

Yokoi, H., Tokushige, T., Hirose, J., Hayashi,S.and Takasaki, Y. (1998). H2 production
from starch by mixed culture of Clostridium buytricum and Enterobacter
aerogenes. Biotechnology Letters, 20, 143-147.

Zamzuri, N.A. (2010). Screening and isolation of biobutanol producing bacteria,
Undergraduate Thesis Faculty of Biotechnology and Biomolecular Sciences,
Universiti Putra Malaysia. UPM/FBSB/TBP/0910/04.

Jamil, Z., Annuar, M.S.M. and Ibrahim, S. (2009). Optimization of phototrophic
hydrogen production by Rhodopseudomonas palustris PBUMO001 via statistical
experimental design. International Journal of Hydrogen Energy, 34(15), 7502-
7512

Zhang, H., Bruns, M.A. and Logan, B.E. (2006). Biological hydrogen production by
Clostridium acetobutylicum in an unsaturated flow reactor. Water Research, 40(4),
728-734.

Zhang, T., Liu, H.,, & Fang, H.H. (2003). Biohydrogen production from starch in
wastewater under  thermophilic  condition. Journal of  Environmental
Management, 69(2), 149-156.

Zhao, L., Montville, T.J., Schaffner, D.W. (2006). Evidence for quorum sensing in
Clostridium botulinum 56A. Latters in Applied Microbiology, 42, 54-58.

Zhao, X., Xing, D., Liu, B., Lu, L., Zhao, J. and Ren, N. (2012). The effects of metal ions
and I-cysteine on hyd A gene expression and hydrogen production by Clostridium
beijerinckii RZF-1108. International Journal of Hydrogen Energy, 37(18), 13711-
13717.

98



	BIOHYDROGEN PRODUCTION FROM SAGO HAMPAS BY Clostridium butyricum A1
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



