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ABSTRACT

Hydrogen is a desirable alternative energy carrier of the future. Hydrogen can be 
sustainably produced by microorganisms through biological processes, such as 
fermentation. Hydrogen produced in this way is termed ‘biohydrogen’. The amount of 
biohydrogen produced varies between genus and species of microorganisms and also 
depends on the substrate and experimental physicochemical conditions. Starch is a 
potentially good substrate that can be used for fermentative biohydrogen-producing 
bacteria. In this study, tapioca starch wastewater from tapioca processing factory was 
used as substrate. The aim of this study was to isolate bacteria with the ability to utilise 
tapioca starch wastewater and produce biohydrogen by dark fermentation. Tapioca 
wastewater and waste sludge were used as isolation source, giving 45 unique isolates. 
Fifteen isolates were found to be positive starch degraders. The best starch degrader was 
identified to be Bacillus sp. strain LFSF20 with GenBank accession number KY399968. 
However, this isolate is unable to produce biohydrogen. In addition, Acinetobacter sp. 
AY-SDB4 (accession number KY923069) was found to have both abilities starch 
degrader and biohydrogen producer. Biohydrogen production was measured using gas 
chromatography-thermal conductivity detector (GC-TCD). The starter culture medium 
contained tapioca starch at an initial concentration of 1.0 g/L, initial pH 5.5 with 
incubation carried out at 30°C. Acinetobacter sp. AY-SDB4 was subjected to further 
optimisations to investigate parameters affecting biohydrogen production, using one- 
factor-at-a-time (OFAT) method. The effects of incubation temperature (30°C, 35°C and 
40°C), initial pH (5.0, 5.5 and 6.0) and initial starch concentration (0.5, 1.0 and 1.5 g/L) 
were investigated. Several parameters were analysed during the fermentation process, 
which are biohydrogen production, starch utilisation, reducing sugar content, cell 
growth, and a-amylase activity. Kinetic analysis of biohydrogen production by 
Acinetobacter sp. AY-SDB4 suggested that the optimum conditions for biohydrogen 
production to be at initial substrate concentration of 1.0 g/L, initial pH of 5.0 and 
incubation temperature of 30°C. At these conditions, the highest biohydrogen 
productivity obtained was 3.183 x 10"3 mL/h, highest biohydrogen yield of 34.73 
mL/g/L starch, and cumulative biohydrogen production of 19.8 x 10"2 mL. These 
findings suggest that Acinetobacter sp. AY-SDB4 has the potential to be used to produce 
biohydrogen using starch wastewater as substrate.
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ABSTRAK

Hidrogen adalah pembawa tenaga alternatif yang wajar dipertimbangkan untuk masa 
hadapan. Hidrogen boleh dihasilkan secara mampan oleh mikroorganisma melalui 
proses biologi, seperti penapaian. Hidrogen yang dihasilkan dengan cara ini dinamakan 
‘biohidrogen’. Jumlah biohidrogen yang dihasilkan berbeza-beza antara genus dan 
spesies mikroorganisma dan juga bergantung kepada keadaan fizikokimia substrat dan 
eksperimen. Kanji adalah substrat yang berpotensi tinggi untuk digunakan dalam 
penapaian menggunakan bakteria penghasil biohidrogen. Dalam kajian ini, sisa kanji ubi 
kayu dari kilang pemprosesan ubi kayu digunakan sebagai substrat. Tujuan kajian ini 
adalah untuk memencilkan bakteria dengan keupayaan untuk menggunakan air sisa kanji 
ubi dan menghasilkan biohidrogen melalui penapaian gelap. Air sisa ubi kayu dan 
lumpur sisa digunakan sebagai sumber pengasingan, memberikan 45 pencilan unik. 
Lima belas pencilan didapati positif pengurai kanji. Bacillus sp. LFSF20 telah dikenal 
pasti sebagai pengurai kanji yang terbaik, dengan nombor penerimaan GenBank 
KY399968. Namun, pencilan ini tidak dapat menghasilkan biohidrogen. Di samping itu, 
Acinetobacter sp. AY-SDB4 (nombor penerimaan KY923069) didapati mempunyai 
kedua-dua keupayaan sebagai pengurai kanji dan pengeluar biohidrogen. Pengeluaran 
biohidrogen diukur menggunakan kromatografi gas-pengesan konduktiviti haba (GC- 
TCD). Medium kultur pemula mengandungi kepekatan kanji ubi awal sebanyak 1.0 g/L, 
pH awal 5.5 dengan pengeraman dilakukan pada suhu 30°C. Pengoptimuman lanjut 
dijalankan ke atas Acinetobacter sp. AY-SDB4 untuk menyelidik parameter yang 
mempengaruhi pengeluaran biohidrogen, menggunakan kaedah satu-faktor-pada-satu- 
masa (OFAT). Kesan suhu inkubasi (30°C, 35°C dan 40°C), pH awal medium kultur 
(5.0, 5.5 dan 6.0) dan kepekatan awal kanji di dalam medium kultur (0.5, 1.0 dan 1.5 
g/L) telah diselidiki. Beberapa parameter telah dianalisis semasa proses penapaian, iaitu 
pengeluaran biohidrogen, penggunaan kanji, pengeluaran gula, pertumbuhan sel, dan 
aktiviti enzim a-amilase. Analisis kinetik pengeluaran biohidrogen oleh Acinetobacter 
sp. AY-SDB4 yang telah dilakukan, menunjukkan keadaan optimum bagi pengeluaran 
biohidrogen berada pada kepekatan substrat awal 1.0 g/L, pH awal 5.0 dan suhu inkubasi 
30°C. Pada keadaan ini, produktiviti biohydrogen tertinggi yang diperolehi adalah 3.183 
x 10"3 mL/j, hasil biohidrogen tertinggi 34.73 mL/g/L kanji, dan pengeluaran 
biohidrogen kumulatif sebanyak 19.8 x 10"2 mL. Penemuan ini menunjukkan bahawa 
Acinetobacter sp. AY-SDB4 mempunyai potensi untuk digunakan untuk menghasilkan 
biohidrogen dengan menggunakan sisa kanji sebagai substrat.



vii

TABLE OF CONTENTS

CHAPTER TITLES PAGES

DECLARATION ii

DEDICATION iii

ACKNOWLEDGEMENT iv

ABSTRACT v

ABSTRAK vi

TABLE OF CONTENTS vii

LIST OF TABLES xi

LIST OF FIGURES xiii

LIST OF ABBREVIATIONS xv

LIST OF SYMBOLS xvii

LIST OF APPENDICES xviii

1 INTRODUCTION

1.1 Research Background 1

1.2 Significance of Research 3

1.3 Scope of Study 4

1.4 Objectives of Study 5

2 LITERATURE REVIEW

2.1 Hydrogen 6

2.2 Biohydrogen 7

2.3 Dark Fermentation 11

2.3.1 Biochemical Reactions under Dark Fermentation 15



viii

2.4 Starch 18

2.5 Tapioca Starch 22

2.6 Biohydrogen Production Using Starch-degrading 24

Bacteria

2.7 Factors Affecting Biohydrogen Production 29

2.7.1 pH 29

2.7.2 Temperature 32

2.7.3 Substrate Concentration 34

3 GENERAL METHODOLOGY

3.1 Research Design 38

3.1.1 Experimental Design 39

3.2 Determination of Starch Concentration 41

3.3 Preparation of Enriched Starch Wastewater Medium 41 

(ESWM)

3.4 Inoculum Preparation 42

3.5 Bacterial Growth Monitoring 42

4 TAPIOCA WASTEWATER ANALYSIS

4.1 Introduction 43

4.2 Materials and Methods 45

4.2.1 Collection of Tapioca Wastewater 45

4.2.2 Storage of Tapioca W astewater 4 5

4.2.3 Tapioca W astewater Analysis 45

4.2.3.1 Analysis of Polyoses 46

4.2.3.2 Biochemical Oxygen Demand 47

4.2.3.3 Chemical Oxygen Demand 47

4.2.3.4 Trace Metal Analysis 47

4.2.3.5 Preparation of Enriched Starch Wastewater 48 

Medium (ESWM)

4.3 Results and Discussion 48

4.3.1 Analysis of Tapioca Wastewater 48

4.4 Conclusion 51



ix

5 ISOLATION, SCREENING AND IDENTIFICATION 

OF POTENTIAL STARCH-UTILISING AND 

BIOHYDROGEN-PRODUCING BACTERIA

5.1 Introduction 52

5.2 Materials and Methods 55

5.2.1 Isolation of Bacteria 55

5.2.2 Screening for Starch Hydrolysis 56

5.2.3 Dark Fermentation Medium Preparation 56

5.2.4 Determination of Biogas Composition 57

5.2.5 Gram Staining 59

5.2.6 Molecular Identification Using 16S rRNA 59

Analysis

5.3 Results and Discussion 61

5.3.1 Isolation of Starch-utilising Bacteria 61

5.3.2 Starch-utilising Bacteria 65

5.3.3 Growth Characteristics of the Isolated Starch- 6 6

utilising Bacteria

5.3.4 Starch Degradation 6 6

5.3.5 Biohydrogen-producing, Starch-utilising Bacteria 70

5.3.6 Gram Staining 74

5.3.7 16S rRNA Analysis 75

5.4 Conclusion 82

6 OPTIMISATION OF BIOHYDROGEN

PRODUCTION BY Acinetobacter sp. AY-SDB4 IN 

BATCH CULTURE

6.1 Introduction 84

6.2 Materials and Methods 85

6.2.1 Dark Fermentation Medium and Inoculum 85

Preparation

6.2.2 Parameter Analysis 8 6



x

6.2.2.1 Biohydrogen 86

6.2.2.2 Growth Profile and Cell Dry Weight 86

6.2.2.3 Starch Utilisation 87

6.2.2.4 Determination of Reducing Sugar Using 87

DNS Method

6.2.2.5 a-Amylase Assay 87

6.2.2.6 Kinetic Analysis 88

6.3 Results and Discussion 88

6.3.1 Effects of Incubation Temperature on 88

Biohydrogen

Production

6.3.2 Effects of Initial pH on Biohydrogen Production 90

6.3.3 Effect of Initial Substrate Concentration on 93

Biohydrogen Production

6.3.4 Optimum Conditions For Biohydrogen Production 96

6.4 Conclusion 99

7 CONCLUSION AND FUTURE WORK

7.1 Conclusion 100

7.2 Future Work 101

REFERENCES 103

APPENDICES A-M 122-153



9

13

19

23

27

30

33

35

46

49

62

6 8

70

LIST OF TABLES

TITLE

Common biohydrogen production processes 

The substrates used by pure bacterial isolates for 

biohydrogen production under dark fermentation 

Percentage of amylose and amylopectin in different types of 

starch

Uses of tapioca starch in starch industries

Identified bacteria that have been used for biohydrogen

production from starch-containing media

Effects of different pH towards biohydrogen production in

dark fermentation using starch as substrate

Effects of different incubation temperatures towards

biohydrogen production in dark fermentation using starch

as substrate

Effects of substrate concentrations towards biohydrogen 

production in dark fermentation using starch as substrate 

Retention time of polyoses standard 

Nutrient content in raw tapioca wastewater 

Morphological properties of the isolated bacterial colonies 

Growth characteristics and starch utilisation parameters by 

the positive starch-utilising isolates 

Biohydrogen production by starch-utilising isolates



xu

5.4 Summary of AY-SDB4 starch-utilising and biohydrogen- 73

producing parameters

5.5 Nucleotide BLAST results of LFSF20 isolate showing the 78

closest similarities

5.6 Nucleotide BLAST results of AY-SDB4 isolate showing 80

the closest similarities

6.1 Effects of incubation temperature on biohydrogen 89

production

6.2 Effects of initial pH on biohydrogen production 91

6.3 Effects of initial substrate concentration on biohydrogen 94

production at initial pH 5.0 and at 30°C



xill

LIST OF FIGURES

FIGURE NO. TITLE PAGE

2.1 Metabolic pathways in fermentative biohydrogen 

production

16

2.2 The chemical structure of simple starch 19

2.3 The chemical structure of amylose 2 0

2.4 The chemical structure of amylopectin 2 0

2.5 Gelatinisation and retrogradation of starch granules 2 1

3.1 Experimental design 40

5.1 Qualitative starch hydrolysis screening test on starch agar 

plate

65

5.2 Growth and utilisation profile of LFSF20 as the best starch 

degrader

69

5.3 Time course of biohydrogen production by AY-SDB4 in 

dark fermentation medium

72

5.4 Gram staining of (a) LSF20 and (b) AY-SDB4 under NIS 

DS Fi2 microscope with 100 x 1.25 magnification

75

5.5 Agarose gel electrophoresis of PCR amplification products 76

5.6 Phylogenetic relationship of Bacillus sp. LFSF20 with its 

closest relatives

79

5.7 Phylogenetic relationship of Acinetobacter sp. AY-SDB4 

with its closest relatives

81

6.1 Time course of starch utilisation, reducing sugar 97



xiv

production, a-amylase activity, cell growth and 

biohydrogen production profile of Acinetobacter sp. AY- 

SDB4 at optimum conditions: initial starch concentration

1.0 g/L, initial pH 5.0 and incubation temperature 30°C

6.2 Time course of cumulative biohydrogen production and 98

growth by cell weight at the optimum conditions



xv

LIST OF ABBREVIATIONS

APHA

ATP

BOD

COD

C6H 12O6

CH3CH2CH2COOH

CH3CH2COOH

CH3CH2OH

CH3COOH

CO2

COD

CS

H2

H2O

HPR

HY

NAD+/NADH

N2

OD

O2

RPM

SHPR

VSS

American public health association

Adenosine triophosphate

Biochemical oxygen demand

Chemical oxygen demand

Glucose

Butyrate

Propionate

Ethanol

Acetate

Carbon dioxide 

Chemical oxygen demand 

Cassava starch 

Hydrogen 

Water

Biohydrogen production rate

Biohydrogen yield

Nicotinamide adenine dinucleotide

Nitrogen

Optical density

Oxygen

Round per minute

Specific biohydrogen production rate 

Volatile suspended solid



xvi

RSmax - Maximum reducing sugar
EJ-̂ max - Maximum a-amylase activity

Xmax - Maximum cell weight

- Specific growth rate

^max - Maximum specific growth rate

td - Doubling time

Yp/s - Yield of product on substrate

Yx/s - Yield of cell on substrate

Yp/x - Yield of product on cell



x vii

LIST OF SYMBOLS

°C - Degree Celsius

- Microliter

cm - Centimeter

xg - Times gravity

g - Gram

gig - gram/gram

g/L - gram/Liter

kg - Kilogram

kJ/g - Kilojoules/gram

L - Liter

M - Molar

mL - milliliter

mL/g - milliliter/gram

mL/h - milliliter/hour

mL/min - milliliter/minute

mm - milimeter

nm - Nanometer

v/v - volume/volume

w/v - weight/volume



xviii

LIST OF APPENDICES

APPENDIX TITLE PAGE

NO.

A Determination of Starch Concentration 122

B Polyoses Analysis 124

C Biochemical Oxygen Demand Analysis 125

D Chemical Oxygen Demand Analysis 127

E Screening for Starch Hydrolysis on Starch Agar Plate 128

F Gram Staining 129

G 16S rRNA Molecular Analysis 130

H Consensus Sequence of 16S rRNA Gene 136

I Dry/Wet Cell Weight Measurement 138

J Determination of Reducing Sugar by DNS Method 139

K a-Amyl ase Activity 141

L Microbial Growth Kinetics and Biohydrogen Production 144

Calculation in Batch Fermentation

M Growth and Starch Utilisation Profiles for All Positive 149

Starch-utilising Isolates



CHAPTER 1

INTRODUCTION

1.1 Research Background

The depletion of fossil fuels and current energy demands increase the need 

for an alternative source of energy supply. This new source must be clean, cheap 

and the process obtaining it should not contribute to the increase in carbon emission 

(low carbon footprint). This is because the production and utilization of 

conventional fossil fuels are causing various negative impacts on the environment, 

due to the emission of greenhouse gases into the atmosphere upon combustion. The 

accumulation of these gases in the atmosphere contributes to global warming and 

climate change.

Hydrogen is a desirable energy carrier, as an alternative to conventional fossil 

fuels. This is because when used in combustion process for energy conversion, it 

does not produce carbon-based emissions. Thus, hydrogen is a clean alternative 

energy source with high energy content per unit weight of 122 kJ g"1 (Carlo et al., 

2008). This is reported to be 2.75 times higher than the energy content of 

conventional fossil fuels (Kapdan and Kargi, 2005). However, before the world 

could completely rely on hydrogen as fuel source, a feasible and sustainable way of 

producing it must be investigated. Environmentally friendly and economical are 

another criteria to be considered (Veziroglu and Sahin, 2008). Hydrogen currently 

used for energy generation is from non-renewable sources, like natural gas (48%), 

heavy oil and nafta (30%), coal (18%), and also via electrolysis (4%) (Logan, 2004).
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Hydrogen produced from biological sources is termed ‘biohydrogen’.

Biological processes have been suggested to be the clean and sustainable way of 

producing hydrogen. The processes that are commonly used to produce biohydrogen 

are: i) direct biophotolysis by green algae; ii) indirect biophotolysis by

cyanobacteria; iii) photofermentation by anaerobic photosynthetic bacteria; iv) dark 

fermentation by anaerobic fermentative bacteria; v) water gas shift reaction using 

photosynthetic bacteria as biocatalyst; and vi) biocatalyst assisted

photoelectrochemical hydrogen production (Uttam et al., 2008).

Given the high amount of industrial and municipal wastes generated in

Malaysia, fermentation technique is very attractive as the main method for

biohydrogen production in the country. This allows for simultaneous waste 

treatment and energy generation. Bacterial fermentation for biohydrogen production 

has been widely investigated (Sen and Suttar, 2012; Sagnak et al., 2011). Bacteria 

are versatile microorganisms, as they can utilize different types of carbon sources, 

and can work at ambient temperature and under normal pressure (Das and Veziroglu, 

2001). Food processing industries in Malaysia release carbohydrate-containing 

wastewater (e.g. starch) which is potentially a good substrate that could be used for 

fermentative hydrogen-producing bacteria. The industries reported to release starch- 

containing wastewater are the sago factories (Phang et al., 2000), distilleries 

(Krzywonos et al., 2009) and the tapioca-processing industries around the towns of 

Batu Pahat and Ayer Hitam in Johor, Malaysia.

Many bacterial species reported that are able to produce hydrogen using dark 

fermentation method, such as Enterobacter sp., Bacillus sp., Clostridium sp., and 

Citrobacter sp., with carbohydrates as the preferred substrates (Levin et al., 2004; 

Das and Veziroglu, 2001). But the amount of hydrogen produced varies between 

genus and species, in either pure or mixed cultures. These bacteria have been 

isolated from various sources, such as leaf extract (Kumar and Das, 2000), 

hydrothermal vent (Woodward et al., 2000), industrial wastes (Chong et al., 2009),
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domestic wastewater (Lu et al., 2011) and organic wastewater (Oh et al., 2003). 

Most of the studies used the starch-processing wastewater from industries as a 

substrate, but using inoculum from different sources. Inoculum from the same 

source has the potential to be a better culture system as it has adapted to the substrate 

environment. Andreani et al. (2015) reported a successful study of biohydrogen 

production using tapioca starch processing wastewater as substrate, with inoculum 

from the same source. Substrate composition and operating factors affecting 

biohydrogen production and chemical oxygen demand (COD) removal efficiency 

was also investigated.

Hence, this study seeks to investigate the potential of locally-isolated bacteria 

for biohydrogen generation using dark fermentation with tapioca starch-containing 

wastewater as substrate. Tapioca is usually referred to the starch produced from 

cassava plant (Manihot esculenta). Dark fermentation was chosen as this method has 

the potential to produce a high amount of biohydrogen using waste materials as 

substrates.

1.2 Significance of Research

This study will be of great interest to other researchers working on alternative 

methods for hydrogen generation specifically, and cleaner alternative energy sources 

generally. In addition, biohydrogen research is gaining attention in Malaysia, 

especially related to using industrial wastes, such as palm oil wastes and effluents. 

However, starch-containing wastewater as potential substrate for biohydrogen 

generation is not that well investigated yet, despite being produced by several 

industries in the country. This is possibly because of the challenge to identify 

suitable culture systems that are able to simultaneously degrade starch and produce 

biohydrogen.
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This study used newly-isolated native bacteria from the same source as the 

substrate used in fermentation process, in order to obtain a robust culture able to 

survive in the actual wastewater. Furthermore, this project utilized tapioca starch 

wastewater generated by starch-processing industries that is normally untreated 

before being released. In a case study of one medium scale general food processing 

industry in Parit Raja, Johor, tapioca and cassava-based waste is among the largest 

waste type generated (25 kg of tapioca peels per month representing 25% of all food 

waste type generated) (Kadir et al., 2017). It has been reported that for a small scale 

production of tapioca starch, from 1 tonne of fresh cassava roots, 1 2 - 2 0  m3 of 

wastewater is produced, containing residual starch content (FAO, 2001). This 

residual starch in the wastewater has the potential to be converted into value-added 

products, like biohydrogen.

1.3 Scope of Study

The scope of this research is to isolate and identify bacteria able to produce 

biohydrogen using tapioca starch wastewater as substrate via dark fermentation 

process. The strains were characterized using standard microbiological procedures, 

and their ability to utilize starch as a carbon source and produce biohydrogen was 

investigated. Strains with good biohydrogen producing ability were subjected to 

partial 16S rRNA characterization to identify the genus and probable species. 

Biohydrogen production by the positive strain was then optimized at different pH, 

temperatures and substrate concentrations using batch culture.

1.4 Objectives of Study

1. To isolate and screen starch-utilizing bacteria from tapioca waste sludge 

using tapioca wastewater as substrate.

2. To screen the starch-utilizing bacteria for biohydrogen production using 

tapioca wastewater as substrate.
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3. To identify the starch-utilizing, biohydrogen-producing bacteria using 

microbiological characterization and 16S rRNA analysis.

4. To optimize factors affecting biohydrogen production under batch culture 

using one-factor-at-a-time (OFAT).



103

REFERENCES

Abideena, Z., Hameeda, A., Koyrob, H.-W., Gula, B., Ansaria, R. and Khanc, M.A.

(2014). Sustainable biofuel production from non-food sources-An overview. 

Emirates Journal o f Food and Agriculture. 26 (12). 1057-1066.

Ahmad, M., Teong, L.K., Sultana, S. and Zafar, M. (2013). Biodiesel Production 

from Non Food Crops: A Step towards Self Reliance in Energy. In Mendez- 

Vilas, A. (Ed.). Materials and Processes for Energy: Communicating Current 

Research and Technological Developments (pp. 239-243). Badajoz: Formatex 

Research Center.

Akutsu, Y., Yu, Y.L., Harada, H. and Han, Q.Y. (2009). Effects of temperature and 

substrate concentration on biological hydrogen production from starch. 

International Journal o f Hydrogen Energy. 34. 2558-2566.

Andreani, C.L., Torres, D.G.B., Schultz, L., Carvalho, K.Q.D. and Gomes, S.D.

(2015). Hydrogen production from cassava processing wastewater in an 

anaerobic fixed bed reactor with bamboo as a support material. Journal o f the 

Brazilian Association o f Agricultural Engineering. 35 (3). 578-587.

Antonio, Z. (2014). Carbohydrate chemical structure. Available from: 

<http://www.scientificpsychic.com/fitness/carbohydrates1.html> Accessed on 

24 July 2017.

Anem, M. (2012). Cassava in Malaysia. Department of Agriculture Muar. Available 

from: <http://animagro.blogspot.my/2012/09/cassava-in-malaysia.html>

Accessed on 1 August 2017.

Andreas, B., Horvath, I.S., Cahyari, K. and Setiadi, T. (2011). Effects of acid- 

pretreatment of inoculums and substrate concentration for batch thermophilic 

biohydrogen production from starch-rich synthetic wastewater. International 

Symposium on Southeast Asian Water Environment. Bangkok, Thailand. 9. 

359-366.

http://www.scientificpsychic.com/fitness/carbohydrates1.html
http://animagro.blogspot.my/2012/09/cassava-in-malaysia.html


104

Apar, D.K. and Ozbek, B. (2004). Amylase inactivation by temperature during starch 

hydrolysis. Process Biochemistry. 39. 1137-1144.

APHA (1999). Standards Methods for the Examination of Water and Wastewater. 

American Public Health Association, American Water Works Association, 

Water Environment Federation.

Arimi, M.M., Knodel, J., Kiprop, A., Namango, S.S., Zhang, Y. and GeiBen, S.-U.

(2015). Strategies for improvement of biohydrogen production from organic- 

rich wastewater: A review. Biomass and Bioenergy. 75. 101-118.

Aryee, F.N.A., Oduro, I., Ellis, W.O. and Afuakwa, J.J. (2006). The physicochemical 

properties of flour samples from the roots of 31 varieties of cassava. Food 

Control. 17. 916-922.

Audu, J.O. and Abdul-Wahab, M.F. (2014). Biohydrogen production by bacteria 

isolated from manures of three different bovines using synthetic starch 

wastewater as substrate. Malaysian Journal o f Microbiology. 10 (1). 38-47.

Azwar, M.Y., Hussain, M.A., Abdul-Wahab, A.K. (2014). Development of 

biohydrogen production by photobiological, fermentation and electrochemical 

processes: A review. Renewable and Sustainable Energy Reviews. 31. 158-173.

Barile, M.F. (1983). Gram Staining Technique. Methods in Mycoplasmology. 1. 39

41.

Bao, M., Su, H. and Tan, T. 2012. Biohydrogen Production by Dark Fermentation of 

Starch Using Mixed Bacterial Cultures of Bacillus sp. and Brevumdimonas sp. 

Energy & Fuels. 26. 5872-5878.

Berry, V. and Gascuel, O. (2000). Inferring evolutionary trees with strong 

combinatorial evidence. Theoretical Computer Science. 240 (2). 271-298.



105

Bertoldo, C. and Antranikian, G. (2002). Starch-hydrolyzing enzymes from 

thermophilic archaea and bacteria. Current Opinion in Chemical Biology. 6 . 

151-160.

Bottone, E.J. (2010). Bacillus cereus, a volatile human pathogen. Clinical 

Microbiology Reviews. 23 (2). 382-398.

Cakir, A., Ozmihci, S. and Kargi, F. (2010). Comparison of bio-hydrogen production 

from hydrolyzed wheat starch by mesophilic and thermophilic dark 

fermentation. International Journal o f Hydrogen Energy. 35. 13214-13218.

Cappelletti, B.M., Reginatto, V., Amante, E.R. and Antonio, R.V. (2011). 

Fermentative production of hydrogen from cassava processing wastewater by 

Clostridium acetobutylicum. Renewable Energy. 36. 3367-3372.

Carlo, R.C., Richard S., Nazim C. and David B.L. (2008). Third generation biofuels 

via direct cellulose fermentation. International Journal o f Molecular Sciences. 

9. 1342-1360.

Crops for the Future Research Centre (CFFRC) (2012). StarchPlus Project Concept 

Note. The University of Nottingham Malaysia Campus. Available from: 

<http://www.nottingham.edu.my/CFFRC/Proj ects/StarchPlus.aspx> Accessed 

on 1 August 2017.

Chandrasekhar, K., Lee, Y.-J. and Lee, D.-W. (2015). Biohydrogen production: 

Strategies to improve process efficiency through microbial routes. 

International Journal o f Molecular Sciences. 16. 8266-8293.

Chang, F.-Y. and Lin, C.-Y. (2006). Calcium effect on fermentative hydrogen 

production in an anaerobic up-flow sludge blanket system. Water Science & 

Technology. 54 (9). 105-112.

http://www.nottingham.edu.my/CFFRC/Proj%20ects/StarchPlus.aspx


106

Chen, S.D., Lee, K.S., Lo, Y.C., Chen, W.M., Wu, J.F., Lin, C.Y. and Chang, J.S. 

(2008). Batch and continuous biohydrogen production from starch hydrolysate 

by Clostridium sp. International Journal o f Hydrogen Energy. 33. 1803-1812.

Chen, W.M., Tseng, Z.J., Lee, K.S., Chan, J.S. (2005). Fermentative hydrogen 

production with Clostridium butyricum CGS5 isolated from anaerobic sewage 

sludge. International Journal o f Hydrogen Energy. 30 (10). 1063-1070.

Chen, W.H. 2006. Biological hydrogen production by anaerobic fermentation. PhD 

Thesis. Iowa State University.

Chien, A.C., Hill. N.S. and Levin, P.A. (2012). Cell size control in bacteria. Current 

Biology. 22 (9). 340-349.

Chittibabu, G., Nath, K. and Das, D. (2006). Feasibility studies on the fermentative 

hydrogen production by recombinant Escherichia coli BL-21. Process 

Biochemistry. 41. 682-688.

Chong, M.L., Rahim R.A., Shirai Y. and Hassan, M.A (2008). Bio-hydrogen 

production by Clostridium butyricum EB6  from palm oil mill effluent. 

International Journal o f Hydrogen Energy. 34. 764-771.

Chookaew, T., O-Thong, S. and Prasertsan, P. (2014). Statistical optimization of 

medium components affecting simultaneous fermentative hydrogen and 

ethanol production from crude glycerol by thermotolerant Klebsiella sp. TR1. 

International Journal o f Hydrogen Energy. 39 (2). 751-760.

Clarridge III, J.E. (2004). Impact of 16S rRNA gene sequence analysis for 

identification of bacteria on clinical microbiology and infectious diseases. 

Clinical Microbiology Reviews. 17 (4). 840-862.

Coote, N. and Kirsop, B.H. (1976). Factors responsible for the decrease in pH during 

beer fermentations. Journal o f the Institute o f Brewing. 82. 149-153.



107

Crab, W.D. and Mitchinson, C. (1997). Enzymes involved in the processing of starch 

to sugars. Trends in Biotechnology. 15. 349-352.

Dahm, R. (2008). Discovering DNA: Friedrich Miescher and the early years of 

nucleic acid research. Human Genetics. 122. 565-581.

Damasceno, S., Cereda, M.P., Pastore, G.M. and Oliveira, J.G. (2003). Production of 

volatile compounds by Geotrichum fragrans using cassava wastewater as 

substrate. Process Biochemistry. 39. 411-414.

Das, D. and Veziroglu, T.N. (2001). Hydrogen production by biological processes: A 

survey of literature. International Journal o f Hydrogen Energy. 26. 13-28.

Datar, R., Huang, J., Maness, P.-C., Mohagheghi, A., Czernik, S. and Chornet, E. 

(2007). Hydrogen production from the fermentation of corn stover biomass 

pretreated with a steam-explosion process. International Journal o f Hydrogen 

Energy. 32. 932-939.

Drobniewski, F.A. (1993). Bacillus cereus and related species. Clinical Microbiology 

Reviews. 6  (4). 324-338.

Delzer, G.C. and McKenzie, S.W. (2003). Five-day biochemical oxygen demand. 

USGS TWRIBook9-A7. 3rd Edition. 1-21.

Efron, B., Halloran, E. and Holmes, S. (1996). Bootstrap confidence levels for 

phylogenetic trees. Proceedings o f the National Academy o f Sciences o f the 

United States o f America. 93 (23). 13429-13434.

Eker, S. and Sarp, M. (2017). Hydrogen gas production from waste paper by dark 

fermentation: Effects of initial substrate and biomass concentrations. 

International Journal o f Hydrogen Energy. 42. 2562-2568.



108

Food-info.net (1999). Starch. Wageningen University, the Netherlands. Available 

from: <http://www.food-info.net/uk/carbs/starch.htm> Accessed on 15 March 

2015.

Food and Agriculture Organization of the United Nations (FAO) (2001). Impact of 

Cassava Processing on the Environment. Strategic Environmental Assessment. 

In: An Assessment of the Impact of Cassava Production and Processing on the 

Environment and Biodiversity. Volume 5. Accessed at 

<http://www.fao.org/docrep/007/y2413e/y2413e00.htm#Contents> on 2 

November 2018.

Gautam, S.P. Guide Manual: Water and Wastewater analysis. Central Pollution 

Control Board in Monitoring Hydrology Project-II. Ministry of Water 

Resources, India.

Gavala, H.N., Skiadas, I.V. and Ahring, B.K. (2006). Biological hydrogen 

production in suspended and attached growth anaerobic reactor systems. 

International Journal o f Hydrogen Energy. 31. 1164-1175.

Gioannis, G.D., Muntoni, A., Polettini, A. and Pomi, R. (2013). A review of dark 

fermentative hydrogen production from biodegradable municipal waste 

fractions. Waste Management. 33 (6 ). 1345-1361.

Ginkel, S.W.V. and Logan, B. (2005). Increased biological hydrogen production with 

reduced organic loading. Water Research. 39. 3819-3826.

Grimont, P.A.D. and Bouvet, P.J.M. (1991). Taxonomy of Acinetobacter. The 

Biology o f Acinetobacter. Springer Science & Business Media. 25-26.

Gurtler, V. and Stanisich, V.A. (1996). New approaches to typing and identification 

of bacteria using the 16S-23S rDNA spacer region. Microbiology. 142. 3-16.

http://www.food-info.net/uk/carbs/starch.htm
http://www.fao.org/docrep/007/y2413e/y2413e00.htm%23Contents


109

Hallenbeck, P.C. (2005). Fundamentals of the fermentative production of hydrogen. 

Water Science & Technology. 52 (2). 21-29.

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 o f Hydrogen Energy. 36. 

14162-14171.

Hildebrand, E.M. (1938). Techniques for the isolation of single microorganisms. The 

Botanical Review. 4 (12). 627-664.

Hucker, G.J. and Conn, H.J. (1923). Methods of Gram staining. Technical Buletin. 

New York Agricultural Experiment Station Geneva, New York. 93. 1-37.

Ho, H.H. and Foster, B. (1972). Starch utilization by Phytophtora sp. 

Mycopathologia etFycologia Aplicata. 46 (4). 335-339.

Ishak, W.M.F.W., Jamek, S., Jalanni, N.A. and Mohd Jamaludin, N.F. (2011). 

Isolation and identification of bacteria from activated sludge and compost for 

municipal solid waste treatment system. International Conference on Biology, 

Environment and Chemistry. 24. Singapore: IACSIT Press.

Jiang, H., Qin, Y., Gadow, S.I. and Li, Y.-Y. (2017). The performance and kinetic 

characterization of the three metabolic reactions in the thermophilic hydrogen 

and acidic fermentation of cassava residue. International Journal o f Hydrogen 

Energy. 42. 2868-2877.

Kadir, A.A., Azhari, N.W. and Jamaludin, S.N. (2017). Study on composition and 

generation of food waste in Makanan Ringan Mas Industry. MATEC Web o f 

Conferences. 103. 05002.

Kalil, M.S., Alshiyab, H.S.S. and Wan Yusoff, W.M. (2009). Media improvement 

for hydrogen production using C. acetobutylicum NCIMB 13357. American 

Journal o f Applied Sciences. 6  (6 ). 1158-1168.



110

Kapdan, I.K and Kargi, F. (2005). A review paper on Bio-hydrogen production from 

waste materials. Enzyme and Microbial Technology. 38. 596-582.

Karnwall, A. and Nigam, V. (2013). Production of amylase enzyme by isolated 

microorganisms and it’s application. International Journal o f Pharmacy and 

Biological Sciences. 3 (4). 354-360.

Khanna, N., Kotay, S.M., Gilbert, J. and Das, D. (2011). Improvement of 

biohydrogen production by Enterobacter cloacae IIT-BT08 under regulated 

pH. Journal o f Biotechnology. 152. 9-15.

Khongkliang, P., Kongjan, P. and O-Thong, S. (2015). Hydrogen and methane 

production from starch processing wastewater by thermophilic two-stage 

anaerobic digestion. Energy Procedia. 79. 827-832.

Kieu, H.T.Q., Nguyen, Y.T., Dang, Y.T. and Nguyen, B.T. (2016). Response surface 

methodology to optimize culture conditions for hydrogen production by an 

anaerobic bacterial strain from soluble starch. Journal o f Electronic Materials. 

45 (5). 2632-2638.

Kitahata, S., Tsuyuma, N. and Okada, S. (1973). Purification and some properties of 

cyclodextrin glycosyltransferase from the strain of Bacillus sp. Journal o f 

Agriculture Biology and Chemistry. 38 (2). 387-393.

Krishan, V., Desa, A. and Marylynn, S. (2007). Biohydrogen generation from beer 

brewery wastewater using an anaerobic contact filter. Journal o f the American 

Society o f Brewing Chemists. 65. 110-115.

Krzywonos, M., Cibis, E., Miskiewicz, T. and Ryznar-Luty, A. (2009). Utilization 

and biodegradation of starch stillage (distillery wastewater). Electronic Journal 

o f Biotechnology. 1201-1215.



111

Kumar, N. and Das, D. (2000). Production and purification of a-amylase from 

hydrogen producing Enterobacter cloacae IIT-BT 08. Bioprocess Engineering. 

23. 205-208.

Kumar, N., Ghosh, A. and Das, D. (2001). Redirection of biochemical pathways for 

the enhancement of H2 production by Enterobacter cloacae. Biotechnology 

Letters. 23 (7). 537-541.

Laurent, B., Serge, H., Julien, M., Christopher, H. and Philippe, T. (2012). Effects of 

hydrogen partial pressure on fermentative biohydrogen production by a 

chemotropic Clostridium bacterium in a new horizontal rotating cylinder 

reactor. Energy Procedia. 29. 34-41.

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 o f Hydrogen Energy. 37. 2050-2057.

Lay, J-J. (2000). Modeling and optimization of anaerobic digested sludge converting 

starch to hydrogen. Biotechnology and Bioengineering. 68 (3). 269-278.

Leano, E.P. and Babel, S. (2012). Effects of pretreatment methods on cassava 

wastewater for biohydrogen production optimization. Renewable Energy. 39. 

339-346.

Lee, K.S., Lo, Y.C., Lin, P.J. and Chang, J.S. (2006). Improving biohydrogen 

production in a carrier-induced granular sludge bed by altering physical 

configuration and agitation pattern of the bioreactor. International Journal o f 

Hydrogen Energy. 31. 1648-1657.

Lee, D.-J., Show, K.-Y. and Su, A. (2011). Dark fermentation on biohydrogen 

production: Pure culture. Bioresource Technology. 102. 8393-8402.



112

Levin, D.B., Pitt, L. and Love, M. (2004). Biohydrogen production: prospects and 

limitations to practical application. International Journal o f Hydrogen Energy. 

29. 173-185.

Li, C.L. 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. 1-39.

Lin, C.Y., Chang, C.C. and Hung, C.H. (2008). Fermentative hydrogen production 

from starch using natural mixed cultures. International Journal o f Hydrogen 

Energy. 33. 2445-2453.

Liu, G. and Shen, J. (2004). Effects of culture and medium conditions on hydrogen 

production from starch using anaerobic bacteria. Journal o f Bioscience and 

Bioengineering. 98 (4). 251-256.

Liu, Y., Yu, P., Song, X. and Qu, Y. (2008). Hydrogen production from cellulose by 

co-culture of Clostridium thermocellum JN4 and Thermoanaerobacterium 

thermosaccharolyticum GD17. International Journal o f Hydrogen Energy. 33. 

2927-2933.

Logan, R., Sang, E.O., Kim, I.S. and Ginkel S.V. (2002). Biological hydrogen 

production in batch anaerobic respirometers. Environmental Science & 

Technology. 36 (11). 2530-2535.

Lu, L., Ren, N., Zhao, X., Wang, H., Wu, D. and Xing, D. (2011). Hydrogen 

production, methanogen inhibition and microbial community structures in 

psychrophilic single-chamber microbial electrolysis cells. Energy & 

Environmental Science. 4. 1329-1336.

Lungmann, P., Choorit, W. and Prasertsan, P. (2007). Application of statistical 

experimental methods to optimize medium for exopolymer production by 

newly isolated Halobacterium sp. SM5. Electronic Journal o f Biotechnology. 

1 0  (1). 1 - 1 1 .



113

Madihah, M.S., Ariff, A.B., Karim, M.I., Sahaid, K.M. and Suriani, A.A. (2001). 

Direct fermentation of gelatinized sago starch to acetone-butanol-ethanol by 

Clostridium acetobutylicum. World Journal o f Microbiology and

Biotechnology. 17. 1-10.

Madsen, M., Holm, N.J.B. and Esbensen, K.H. (2011). Monitoring of anaerobic 

digestion process; a review perspective. Renewable and Sustainable Energy 

Reviews. 15. 3141-3155.

Maintinguer, S.I., Fernandes, B.S., Duarte, I.C.S., Saavedra, N.K., Adorno, M.A.T. 

and Varesche, M.B. (2008). Fermentative hydrogen production by microbial 

consortium. International Journal o f Hydrogen Energy. 33. 4309-4317.

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. 5:35.

Masset, J., Hiligsmann, S., Hamilton, C., Beckers, L., Franck, F. and Thonart, P.

(2010). Effect of pH on glucose and starch fermentation in batch and 

sequenced-batch mode with a recently isolated strain of hydrogen-producing 

Clostridium butyricum CWBI1009. International Journal o f Hydrogen Energy. 

35. 3371-3378.

Mejos, A.J., Carag, J.W., Pano, J.D., Labador, A.V. and Macapagal, E.M. (2010). 

Bacterial colony isolation using serial dilution techniques. Available from: 

SCRIBD. <https://www.scribd.com/doc/27001560/Bacterial-Colony-Isolation- 

using-Serial-Dilution-Techniques> Accessed on 12 August 2017.

Miyake, J. and Kawamura, S. (1987). Efficiency of light energy conversion to 

hydrogen by the photosynthetic bacterium Rhodobacter sphaeroides. 

International Journal o f Hydrogen Energy. 12. 147-149.

https://www.scribd.com/doc/27001560/Bacterial-Colony-Isolation-%e2%80%a8using-Serial-Dilution-Techniques
https://www.scribd.com/doc/27001560/Bacterial-Colony-Isolation-%e2%80%a8using-Serial-Dilution-Techniques


114

Ministry of Health Malaysia (2005). Carbohydrate. Recommended Nutrient Intakes 

for Malaysia. A Report of the Technical Working Group on Nutritional 

Guidelines. Available from: National Coordinating Committee on Food and 

Nutrition Ministry of Health Malaysia Putrajaya. 43.

Momirlan, M. and Veziroglu, T.N. (2005). The properties of hydrogen as fuel 

tomorrow in sustainable energy system for a cleaner planet. International 

Journal o f Hydrogen Energy. 33. 795-802.

Moon, C., Jang, S., Yun, Y.-M., Lee, M.-K., Kim, D.-H., Kang, W.-S., Kwak, S.-S. 

and Kim, M.-S. (2015). Bioresource Technology. 179. 595-601.

Mu, Y., Yang, H.-Y., Wang, Y.-Z., He, C.-S., Zhao, Q.-B., Wang, Y. and Yu, H.-Q. 

(2014). The maximum specific hydrogenproducing activity of anaerobic mixed 

cultures: definition and determination. Scientific Reports. 4 (5239). 1-7.

Mullis, K.B., Erlich, H.A., Arnheim, N., Horn, G.T., Saiki, R.K. and Scharf, S.J. 

(1987). Process for amplifying, detecting, and/or-cloning nucleic acid 

sequences. US Patent 4683195 A.

Nemez, A., Musilek, M., Sedo, O., Baere, T.D., Maixnerova, M., Reijden, V.D.T.J., 

Zdrahal, Z., Vaneechoutte, M. and Dijkshoorn, L. (2010). Acinetobacter 

bereziniae sp nov. and Acinetobacter guillouiae sp. nov. to accommodate 

Acinetobacter genomic species 10 and 11, respectively. International Journal 

o f Systematic and Evolutionary Microbiology. 60 (4). 896-903.

Novick, A. (1955). Growth of Bacteria. Annual Review o f Microbiology. 9. 97-110.

Oh, Y-K., Seol, E.-H., Lee, E.Y. and Park, S. (2003). Isolation of hydrogen 

producing bacteria from granular sludge of an upflow anaerobic sludge blanket 

reactor. Biotechnology and Bioprocess Engineering. 8 . 54-57.

Oh, Y-K., Park, M.S., Seol, E.-H., Lee, S.-J. and Park, S. (2002). Fermentative 

hydrogen production by a new chemoheterotrophic bacterium



115

Rhodopseudomonas palustris P4. International Journal o f Hydrogen Energy. 

27. 1373-1379.

Ophardt, C.E. (2003). Starch-Iodine. Virtual Chembook Elmhurst College. Available 

from: <http://chemistry.elmhurst.edu/vchembook/548starchiodine.html>

Accessed on 28 September 2013.

O-Thong, S., Hniman, A., Prasertan, P. and Imai, T. (2011). Biohydrogen production 

from starch cassava processing wastewater by thermophilic mixed cultures. 

International Journal o f Hydrogen Energy. 36 (5). 3409-3416.

Oztekin, R., Kapdan, I.K., Kargi, F. and Argun, H. (2008). Optimization of media 

composition for hydrogen gas production from hydrolysed wheat starch by 

dark fermentation. International Journal o f Hydrogen Energy. 33. 4083-4090.

Park, W., Jang, N.J., Hyun, S.H. and Kim, I.S. (2005). Suppression of hydrogen 

consuming bacteria in anaerobic hydrogen fermentation. Environmental 

Engineering Research. 10 (4). 181-190.

Patel, S.K.S., Kumar, P., Mehariya, S., Purohit, H.J., Lee, J.-K. and Kalia V.C. 

(2014). Enhancement in hydrogen production by co-cultures of Bacillus and 

Enterobacter. International Journal o f Hydrogen Energy. 39. 14663-14668

Phang, S.M., Miah, M.S., Yeoh, B.G. and Hashim, M.A. (2000). Spirulina 

cultivation in digested sago starch factory wastewater. Journal o f Applied 

Phycology. 12. 395-400.

Prince, R.C. and Kheshgi, H.S. (2005). The photobiological production of hydrogen: 

Potential efficiency and effectiveness as a renewable fuel. Critical Reviews in 

Microbiology. 31. 19-31.

Raimbault, M. (1998). General and microbiological aspects of solid substrate 

fermentation. Electronic Journal o f Biotechnology. 1 (3). 1-15.

http://chemistry.elmhurst.edu/vchembook/548starchiodine.html


116

Rasdi, Z., Abdul Rahman, N.A., Abd Aziz, S., Yee, P.L., Mohd Yusoff, M.Z., Ling, 

C.M. and Hassan, M.A. (2009). Statistical optimization of biohydrogen 

production from palm oil mill effluent by natural microflora. The Open 

Biotechnology Journal. 3. 79-86.

Rice, J.F., Sullivan, T.R. and Helbert, J.R. (1980). A Rapid Method for the 

Determination of Yeast Dry Weight Concentration. ASBC Journal. 38 (4). 142

145.

Sagnak, R., Kargi, F. and Kapdan I.K. (2011). Bio-hydrogen production from acid 

hydrolyzed waste ground wheat by dark fermentation. International Journal o f 

Hydrogen Energy. 36. 12803-12809.

Sajilata, M.G., Singhal, R.S. and Kulkarni, P.R. (2006). Resistant starch - a review. 

Comprehensive Reviews in Food Science and Food Safety. 5 (1). 1-17.

Sangeeta, N. and Banerjee, R. (2010). Optimization of culture parameters to enhance 

production of amylase and protease from Aspergillus awamori in a single 

fermentation. African Journal o f Biochemistry Research. 4(3). 73-80

Sciortino, J.A. and Ravikumar, R. (1999). Fishery Harbour Manual on the Prevention 

of Pollution-Bay of Bengal Programme. FAO, Madras, India.

Sediroglu, V., Eroglu, I., Yucel, M., Turker, L. and Gunduz, U. (1999). The 

biocatalytic effect of Halobacterium halobium on photoelectrochemical 

hydrogen production. Progress in Industrial Microbiology. 35. 115-124.

Sekoai, P.T. (2016). Modelling and optimization of operational setpoint parameters 

for maximum fermentative biohydrogen production using box-behnken design. 

Fermentation. 2 (15). 1-11.

Sen, U., Shakdwipee, M. and Banerjee, R. (2008). Status of biological hydrogen 

production. Journal o f Scientific & Industrial Research. 67. 980-993.



117

Sen, B. and Suttar, R.R. (2012). Mesophilic fermentative hydrogen production from 

sago starch-processing wastewater using enriched mixed cultures. International 

Journal o f Hydrogen Energy. 37. 15588-15597.

Sharma, S. K., Gurbachan, S., Rao, G. G. and Yaduvanshi, N. P. S. (2008). Biomass 

and biodiesel for energy production from salt-affected lands. Technical 

Bulletin. 2. 1-24.

Shi, X. and Yu, H. (2006). Continuous production of hydrogen from mixed volatile 

fatty acids with Rhodopseudomonas capsulata. International Journal o f 

Hydrogen Energy. 31. 1641-1647.

Shresta, J. (2015). Bacterial growth and pH. Available from: 

<https://www.slideshare.net/merojeevan/bacterial-growth-and-ph-50744013> 

Accessed on 15 August 2017.

Shuler, M.L. and Kargi, F. (2002). Bioprocess Engineering: Basic Concepts. 

2nd Edition. Prentice Hall.

Sikkema, F.D.M., Richardson, A.J., Stewart, C.S., Gottschal, J.C. and Prins, R.A. 

(1990). Influence of hydrogen-consuming bacteria on cellulose degradation by 

anaerobic fungi. Applied and Environmental Microbiology. 56 (12). 3793

3797.

Starches. Available from: <http://hyperphysics.phy-

astr.gsu.edu/hbase/Organic/carb.html> Accessed on 20 July 2017.

Stanbury. P.F. and Whitaker, A. (1984). Principles o f Fermentation Technology. 

Oxford: Pergamon Press.

Su, H., Cheng, J., Zhou, J., Song, W. and Cen, K. (2009). Improving hydrogen 

production from cassava starch by combination of dark and photo 

fermentation. International Journal o f Hydrogen Energy. 34. 1780-1786.

https://www.slideshare.net/merojeevan/bacterial-growth-and-ph-50744013
http://hyperphysics.phy-


118

Sutthipattanasomboon, C. and Wongthanate, J. (2017). Enhancement of biohydrogen 

production from starch processing wastewater and further inside its ecosystem 

disclosed by 16S rDNA sequencing and FISH. Brazilian Archives o f Biology 

and Technology. 60. 1-12.

Sutton, S. (2011). Measurement of Microbial Cells by Optical Density. Journal o f 

Validation Technology. 17 (1). 46-49.

Taguchi, F., Mizukami, N., Saito-Taki, T. and Hasegawa, K. (1995). Hydrogen 

production from continuous fermentation of xylose during growth of 

Clostridium sp., strain No.2. Canadian Journal o f Microbiology. 41. 536-540.

Tan, S.L. (2015). Cassava -  silently, the tuber fills. UTAR Agriculture Science 

Journal. 1 (2). 12-24.

Todar, K. (2009). Nutrition and growth of bacteria. The Microbial World. University 

of Wisconsin Madison, Department of Bacteriology.

Turcot, J., Bisaillon, A. and Hallenbeck, P.C. (2008). Hydrogen production by 

continuous cultures of Escherichia coli under different nutrient regimes. 

International Journal o f Hydrogen Energy. 33. 1465-1470.

Uyar, B., Eroglu, I., Yucel, M., Gunduz, U. and Turker, L. (2007). Effect of light 

intensity, wavelength and illumination protocol on hydrogen production in 

photobioreactors. International Journal o f Hydrogen Energy. 32. 4670-4677.

Uzoigwel, C., Burgess, J.G., Ennis, C.J. and Rahman, P.K.S. (2015). Bioemulsifiers 

are not biosurfactants and require different screening approaches. Frontiers in 

Microbiology. 6  (245). 1-6.

Vendruscolo, F. (2015). Starch: a potential substrate for biohydrogen production. 

International Journal o f Energy Research. 39 (3). 293-302.



119

Veziroglu, T.N. and Sahin., S. (2008). 21st century’s energy: Hydrogen energy 

system. Energy Conversion and Management. 49. 1820-1831.

Vincent, O., Cristina, T., Tilahun, W. and Stefan, S. (2014). The potential of cassava 

biomass and applicable technologies for sustainable biogas production in South 

Africa: A review. Renewable and Sustainable Energy Reviews. 39. 1035-1052.

Wang, S., Ma, Z., Zhang, T., Bao, M., and Su, H. (2017). Optimization and modeling 

of biohydrogen production by mixed bacterial cultures from raw cassava 

starch. Frontiers o f Chemical Science and Engineering. 11 (1). 1-7.

Wang, C.-H., Lu, W.-B. and Chang, J.-S. (2007). Feasibility study on fermentative 

conversion of raw and hydrolyzed starch to hydrogen using anaerobic mixed 

microflora. International Journal o f Hydrogen Energy. 32. 3849-3859.

Wang, J. and Wan, W. (2009). Experimental design methods for fermentative 

hydrogen production: A review. International Journal o f Hydrogen Energy. 34. 

235-244.

Wei, H., Tang, J.H. and Li, Y.F. (2016). Utilization of food waste for fermentative 

hydrogen production. Physical Science Reviews. 1 (10). Article 20160050.

Wei, J., Liu, Z.-T. and Zhang, X. (2010). Biohydrogen production from starch 

wastewater and application in fuel cell. International Journal o f Hydrogen 

Energy. 35. 2949-2952.

Wongthanet, J., Chinnacotpong, K. and Khumpong, M. (2014). Impacts of pH, 

temperature, and pretreatment method on biohydrogen production from organic 

wastes by sewage microflora. Journal o f Energy and Environmental 

Engineering. 5. 1-6.

Woodward, J., Orr, M., Cordray, K. and Greenbaum, E. (2000). Enzymatic 

production of biohydrogen. Nature. 405. 1014-1015.



120

Xia, A., Cheng, J., Ding, L., Lin, R., Song, W., Zhou, J. and Cen, K. (2014). 

Enhancement of energy production efficiency from mixed biomass of 

Chlorella pyrenoidosa and cassava starch through combined hydrogen 

fermentation and methanogenesis. Applied Energy. 120. 23-30.

Xiao, Z., Storms, R. and Tsang, A. (2006). A quantitative starch-iodine method for 

measuring alpha-amylase and glucoamylase activities. Analytical Biochemistry. 

351 (1). 146-148.

Yang, Q., Liu, Z. and Yang, J. (2009). Simultaneous determination of chemical 

oxygen demand (COD) and biological oxygen demand (BOD5) in wastewater 

by near-infrared spectrometry. Journal o f Water Resource and Protection. 4. 

286-289.

Yang, Z., Guo, R., Xu, X., Fan, X. and Luo, S. (2011). Hydrogen and methane 

production from lipid-extracted microalgal biomass residues. International 

Journal o f Hydrogen Energy. 36. 3465-3470.

Yasin, N.H.M, Rahman, N.A.A., Man, H.C., Yusoff, M.Z.M. and Hassan M.A.

(2011). Microbial characterization of hydrogen-producing bacteria in 

fermented food waste at different pH values. International Journal o f 

Hydrogen Energy. 36. 9571-9580.

Yen, N.T., Hien, L.T. and Huyen, N.T.T. (2013). Optimization of medium 

components for hydrogen production of anaerobic bacterial strain 

Thermoanaerobacterium aciditolerans isolated from Vietnam by using 

response surface methodology. TAP CHI SINH HOC Journal o f Biology. 35 

(4). 469-476.

Yokoi, H., Maki, R., Hirose, J. and Hayashi, S. (2002). Microbial production of 

hydrogen from starch-manufacturing wastes. Biomass and Bioenergy. 22. 389

395.



121

Yokoi, H., Tokushige, T., Hirose, J., Hayashi, S. and Takasaki, Y. (1998). H2 

production from starch by a mixed culture of Clostridium butyricum and 

Enterobacter aerogenes. Biotechnology Letters. 20 (2). 143-147.

Yokoyama, H., Waki, M., Moriya, N., Yasuda, T., Tanaka, Y. and Haga, K. (2007). 

Effect of fermentation temperature on hydrogen production from cow waste 

slurry by using anaerobic microflora within the slurry. Environmental 

Biotechnology. 74. 474-483.

Zain, W.S.W.M., Md Illias, R., Salleh, M., Hassan, O., A Rahman, R. and Abd 

Hamid, A. (2007). Production of cyclodextrin glucanotransferase from 

alkalophilic Bacillus sp. TS1-1: optimization of carbon and nitrogen

concentration in the feed medium using central composite design. Biochemical 

Engineering Journal. 33 (1). 26-33.

Zhang, W. and Chen, Z. (2007). Photobiological hydrogen production from seawater 

by marine algae. Journal o f Biotechnology. 131. S125.

Zhang, T., Liu, H. and Fang, H.H.P. (2003). Biohydrogen production from starch in 

wastewater under thermophilic condition. Journal o f Environmental 

Management. 69. 149-156.

Zhao, B.H., Yue, Z.B., Zhao, Q.B., Mu, Y., Yu, H.Q., Harada, H. and Li, Y. (2008). 

Optimization of hydrogen production in a granule-based UASB reactor. 

International Journal o f Hydrogen Energy. 33. 2454-2461.


