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Biological hydrogen production offers a method through which biomass can be utilized 

for production of premium-energy carrier as an alternative energy for replacement of 

non-renewable fossil fuels.  The present work aims to elucidate the substrate utilization 

in biohydrogen production from palm oil mill effluent (POME) by E. coli strains. The 

experiments were performed in 150 mL serum bottles and the cultures were 

supplemented with autoclaved-pretreated POME to investigate the potential use of 

various carbon sources and its preference towards biohydrogen production. The cultures 

conditions were maintained at 37 C for 24 h with mild agitation at 120 rpm. The 

maximum hydrogen yield (MHY) of 0.68 mol H2 / mol total sugars with 81% substrate 

consumption based on total sugar and hydrogen productivity of 3552 mol / 1010 cfu 

were obtained from engineered E. coli BW25113 after 24 h of fermentation. The 

biohydrogen production by modified strain was enhanced by 3.5 fold compared to wild 

type strain. On the other hand, studies on the utilization of various substrates on the 

synthetic medium showed that the highest MHY of 0.77 mol H2 / mol total sugar was 

obtained from fermentation of fructose by engineered E. coli BW25113. The preference 

of the substrates based on the synthetic medium for biohydrogen production was in the 

following order; fructose > glucose > formic acid. These findings indicated that the use 

of modified strain E. coli BW25113 has enhanced biohydrogen production from POME. 
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Penyelia : Mohd Rafein Mohd Zakaria @ Mamat, PhD 

Fakulti  : Bioteknologi dan Sains Biomolekul 

 

 

Penghasilan hidrogen secara biologi menawarkan satu kaedah di mana biomas boleh 

digunakan untuk pengeluaran tenaga premium sebagai tenaga alternatif untuk 

menggantikan bahan api fosil yang tidak boleh diperbaharui. Tujuan kajian ini adalah 

untuk menjelaskan penggunaan substrat daripada sisa buangan kilang kelapa sawit 

(POME) dalam penghasilan biohidrogen oleh bakteria Esherichia coli. Eksperimen ini 

dilakukan di dalam serum botol 150 mL dan dikulturkan bersama POME yang telah 

dirawat menggunakan autoklaf untuk menentukan potensi penggunaannya sebagai 

sumber karbon bagi penghasilan biohidrogen. Kultur bakteria E. coli BW25113 

ditetapkan pada suhu 37° C selama 24 jam dengan kelajuan goncangan yang sederhana 

pada 120 rpm. Hasilan hidrogen maksimum (MHY) daripada E. coli terjurutera genetik 

adalah sebanyak 0.68 mol H2/mol daripada jumlah gula dan produktiviti 3552 μmol / 

1010 cfu bagi tempoh 24 jam fementasi, iaitu dengan kadar penggunaan substrat adalah 

sebanyak 81%. Justeru, penggunaan terjurutera genetik E. coli BW25113 telah 

meningkatkan penghasilan biohidrogen sebanyak 3.5 kali ganda berbanding E. coli 

BW25113 induk. Sebaliknya, kajian sampingan terhadap penggunaan kepelbagaian 

substrat ke atas medium sintetik mendapati (MHY) tertinggi adalah 0.77 mol H2 / mol  

yang dihasilkan melalui fermentasi fruktosa daripada E. coli BW25113. Keutamaan 

substrat yang diperolehi untuk penghasilan biohidrogen adalah seperti susunan yang 

berikut; fruktosa > glukosa > asid formik. Penemuan ini menunjukkan bahawa 

pengunaan terjurutera genetik E. Coli BW25113 telah meningkatkan pengeluaran 

biohydrogen daripada POME 
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CHAPTER 1  
 
 

INTRODUCTION 

 

 

1.1   Research overview 

 
 
Hydrogen (H2) is a very attractive energy resource and has potential to become an 

alternative energy to fossil fuels. It contains high energy content (2.75 times higher 

than known liquid fossil fuels) and its combustion produces only water. Hydrogen can 

be generated mainly from coal-gasification, water-electrolysis, gas reformation or 

biological process (Mohd Yusoff et al., 2012). Biological activities such as photolysis 

and fermentation have been known as most cost-effective and environmentally friendly 

methods to produce biological hydrogen compared to other methods (Mohd Yusoff et 

al., 2012). Intriguingly, biological process of hydrogen production through dark-

fermentation has been widely studied due to its capability to utilize wide-range of 

carbohydrate-rich substrate (Ntaikou et al., 2008; O-Thong et al., 2016; Uyar et al., 

2009). Carbohydrate-rich substances such as agriculture waste, municipal food waste 

and wastewaters (including mills effluent) have been widely studied as fermentation 

feedstock for biohydrogen production (Kapdan and Kargi, 2006; Masset et al., 2012; 

Tanikkul and Pisutpaisal, 2014).  

 

 

Malaysia is the second largest palm oil producer in the world. Thus, high production of 

palm oil for market supply demand had produced abundance of oil palm biomass 

(OPB) in Malaysia. Approximately, nine tons of OPB is produced for each ton of crude 

palm oil (CPO) and palm kernel oil (PKO) (Basiron and Weng, 2004).  Palm oil mill 

effluent (POME) is one of the carbohydrate-rich resources that are continuously 

produced in palm oil mills during the process of obtaining crude palm oil (CPO) of 

which known as a renewable and non-toxic resource (Chong et al., 2009a). The 

disposal of POME requires treatment systems such as ponding treatment and open 

digesting tank (Poh and Chong, 2009). Alternatively, POME has been studied as a 

substrate for production of biohydrogen, which in the next decade is likely to see a 

considerable rise in biohydrogen production for energy generation (Atif et al., 2005; 

Azman et al., 2016; Mohd Yusoff et al., 2009). However, there is still in a need for 

discussion on the two major bottlenecks of this approach which are the low yield of 

biohydrogen production and the low rate of carbon sources consumption (Das and 

Veziroglu, 2008). Therefore, recent studies in biohydrogen conversion from POME 

have been  mainly aimed  to elevate hydrogen yield and carbon sources conversion rate 

(Krishnan et al., 2016; Singh et al., 2012; Mishra et al., 2016).  

 

 

Based on literature search, limited information is available regarding the ability of 

hydrogen producing bacteria to utilize carbon sources from POME. Genetic 

modification is one of the molecular approaches used to access molecular activity for 

enhanced hydrogen yield (Kandasamy et al., 2013; Vardar-Schara et al., 2008; Yoshida 

et al., 2005). Despite numerous successions of genetic engineering studies to enhance 

biohydrogen yield, its application is only limited to biohydrogen production based on 

synthetic media. Previously, Yasin and colleagues (2013) showed that the use of 
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genetically modified strains on oil palm frond (OPF) juice has successfully enhanced 

biohydrogen yield. However, information regarding carbon sources consumed for 

biohydrogen production from biomass containing medium has not yet been discussed 

in particular detail. It is particularly important to determine the specific carbon sources 

that contribute to biohydrogen production and following that, discuss on the methods of 

enhancing hydrogen production yield. This would allow for a better understanding of 

interactions between variables involved in biohydrogen production from biomass 

containing medium using genetically modified strain.  

 

 

Hence, the aim of the present works is to investigate the use of genetically engineered 

strain in order to increase biohydrogen yield and to elucidate the effect of carbon 

sources that are found in POME towards biohydrogen production. The genetically 

modified strain, which was previously constructed by Maeda et al. (2007b) for 

enhanced biohydrogen production from technical grade glucose in mesophilic batch 

fermentation was used as biohydrogen producer. In order to investigate the 

effectiveness of the organism and the use of carbon sources in this process, pure culture 

with sterile substrate condition has been used throughout the experiment. The 

information obtained throughout the study will deliver substantial fundamental 

evidence for the ability of genetically engineered E. coli from various carbon sources 

present in POME.  

 

Objectives:  

 

 

1. To identify potential carbon sources that are available in palm oil mill 

effluent, and its preferability for biohydrogen production by E. coli strains.  

 

 

2. To produce biohydrogen using wild type and metabolically engineered E. coli 

strains in batch culture. 

 



© C
OPYRIG

HT U
PM

45 

 

REFERENCES  

 
 
Ahmad, A., Buang, A., and Bhat, A. H. (2016). Renewable and sustainable bioenergy 

production from microalgal co-cultivation with palm oil mill effluent (POME): A 

review. Renewable and Sustainable Energy Reviews, 65, 214–234. 

Ahmed, A., Nasim, F. ul-H., Batool, K., and Bibi, A. (2017). Microbial β-Glucosidase; 

Sour and Applications. Journal of Applied & Environmetal Microbiology, 5(1), 

31-46. 

APHA. Standard methods for the examination of water and wastewater. (18th ed). 

American Public Health Association, Washington D.C., USA (2005) 

Atif, A. A. Y., Fakhru’l-Razi, A., Ngan, M. A., Morimoto, M., Iyuke, S. E., and 

Veziroglu, N. T. (2005). Fed batch production of hydrogen from palm oil mill 

effluent using anaerobic microflora. International Journal of Hydrogen Energy, 

30(13–14), 1393–1397. 

Azman, N. F., Abdeshahian, P., Al-Shorgani, N. K. N., Hamid, A. A., and Kalil, M. S. 

(2016). Production of hydrogen energy from dilute acid-hydrolyzed palm oil mill 

effluent in dark fermentation using an empirical model. International Journal of 

Hydrogen Energy, 41(37), 1–12. 

Balachandar, G., Khanna, N., and Das, D. (2013). Chapter 6 - Biohydrogen production 

from organic wastes by dark fermentation. In A. Pandey, J.-S. Chang, P. C. 

Hallenbecka, & C. Larroche (Eds.), Biohydrogen (pp. 103–144). Amsterdam: 

Elsevier. 

Basiron, Y., and Weng, C. K. (2004). The oil palm and its sustainability. Journal of Oil 

Palm Research, 16(1), 1–10. 

Burgess, J. 2016, Global oil and gas job losses: 350,000 and counting, 

http://oilprice.com/Latest-Energy-News/World-News/Global-Oil-And-Gas-Job-

Losses-350000-And-Counting.html (accessed on 1 June 2017) 

Chong, M. L., Abdul 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(2), 764–771. 

Chong, M. L., Sabaratnam, V., Shirai, Y., and Hassan, M. A. (2009b). Biohydrogen 

production from biomass and industrial wastes by dark fermentation. 

International Journal of Hydrogen Energy, 34(8), 3277–3287. 

Chong, M.L., Rahman, N.A.A., Abd-Rahim, R., Abdul-Aziz, S., Shirai, Y., Hassan, M. 

A. (2009c). Optimization of biohydrogen by Clostridium butyricum EB6 from 

palm oil mill effluent using response surface methodology. International Journal 

of Hydrogen Energy, 34, 7475-7482 

Das, D., Khanna, N., and Dasgupta, C.N. (2014). Biohydrogen Production: 

Fundamentals and Technology Advances. Boca Raton(FL): CRC Press.  

Das, D., and Veziroglu, T. N. (2008). Advances in biological hydrogen production 

processes. International Journal of Hydrogen Energy, 33(21), 6046–6057. 

Department of Environment (2009). Regulations for industrail effluent disposal 1974. 

Retrieved from https://www.doe.gov.my/portalv1/wpcontent/uploads/ 

2015/01/Peraturan_Kualiti_Alam_Sekeliling_Efluen_Perindustrian_2009_-

_P.U.A_434-2009.pdf. (Accessed on 4th June 2017) 

Dubois, M., Gilles, K.A., Hamilton, P.A. and Smith, F. (1956). Colometric method for 

determination of sugars and related substances. Analytical Chemistry, 28, 350-

256.  

Fadzilah, K., and Mashitah, M. D. (2010). Cellulases production in palm oil mill 



© C
OPYRIG

HT U
PM

46 

 

effluent: Effect of aeration and agitation. Journal of Applied Sciences, 10: 3307-

3312. 

Fan, Z., Yuan, L., and Chatterjee, R. (2009b). Increased hydrogen production by 

genetic engineering of Escherichia coli. PLoS ONE, 4(2), 1–8. 

Ghosh, D., and Hallenbeck, P. C. (2009). Fermentative hydrogen yields from different 

sugars by batch cultures of metabolically engineered Escherichia coli DJT135. 

International Journal of Hydrogen Energy, 34(19), 7979–7982. 

Habib, M. a B., Yusoff, F. M., Phang, S. M., Ang, K. J., and Mohamed, S. (1997). 

Nutritional values of chironomid larvae grown in palm oil mill effluent and algal 

culture. Aquaculture, 158(1–2), 95–105. 

Hallenbeck, P. C., and Ghosh, D. (2009). Advances in fermentative biohydrogen 

production: the way forward? Trends in Biotechnology, 27(5), 287–297. 

Idris, J., Shirai, Y., Andou, Y., Mohd Ali, A. A., Othman, M. R., Ibrahim, I., and 

Hassan, M. A. (2015). Self-sustained carbonization of oil palm biomass produced 

an acceptable heating value charcoal with low gaseous emission. Journal of 

Cleaner Production, 89, 257–261. 

Index Mundi Database (2018). Commodity oruce indices from 

https://www.indexmundi.com.commodities/. (accessed on 14th Jan 2018). 

Ismail, I., Hassan, M. A., Abdul Rahman, N. A., and Soon, C. S. (2010). Thermophilic 

biohydrogen production from palm oil mill effluent (POME) using suspended 

mixed culture. Biomass and Bioenergy, 34(1), 42–47. 

Kandasamy, V., Vaidyanathan, H., Djurdjevic, I., Jayamani, E., Ramachandran, K. B., 

Buckel, W., Ramalingam, S. (2013). Engineering Escherichia coli with acrylate 

pathway genes for propionic acid synthesis and its impact on mixed-acid 

fermentation. Applied Microbiology and Biotechnology, 97(3), 1191–1200. 

Kapdan, I. K., and Kargi, F. (2006). Biohydrogen production from waste materials. 

Enzyme and Microbial Technology, 38(5), 569–582. 

Khaleb, N., Jahim, J., and Kamal, S. (2012). Biohydrogen production using 

hydrolysates of palm oil mill effluent (POME). Journal of Asian Scientific 

Research, 2(11), 705–710. 

Knappe, J., and Sawers, G. (1990). A radical-chemical route to acetyl-CoA: the 

anaerobically induced pyruvate formate-lyase system of Escherichia coli. FEMS 

Microbiology Letters, 75(4), 383–398. 

Kothari, R., Buddhi, D., and Sawhney, R. L. (2008). Comparison of environmental and 

economic aspects of various hydrogen production methods. Renewable and 

Sustainable Energy Reviews, 12(2), 553–563. 

Krishnan, S., Singh, L., Sakinah, M., Thakur, S., Wahid, Z. A., and Alkasrawi, M. 

(2016). Process enhancement of hydrogen and methane production from palm oil 

mill effluent using two-stage thermophilic and mesophilic fermentation. 

International Journal of Hydrogen Energy, 41(30), 12888–12898. 

Li, M., Yao, S., and Shimizu, K. (2007). Effect of poxB gene knockout on metabolism 

in Escherichia coli based on growth characteristics and enzyme activities. World 

Journal of Microbiology and Biotechnology, 23(4), 573–580. 

Lim, H. G., Seo, S. W., and Jung, G. Y. (2013). Engineered Escherichia coli for 

simultaneous utilization of galactose and glucose. Bioresource Technology, 135, 

564–567. 

Lutpi, N. A., Jahim, J., Mumtaz, T., Harun, S., and Abdul, P. M. (2015). Batch and 

continuous thermophilic hydrogen fermentation of sucrose using anaerobic 

sludge from palm oil mill effluent via immobilisation technique. Process 

Biochemistry. 51, 297-307. 

Madaki, Y. S., and Seng, L. (2013). Palm oil mill effluent (POME) from Malaysia 



© C
OPYRIG

HT U
PM

47 

 

palm oil mills : waste or resource. International Journal of Science, 

Environement and Technology. 2(6), 1138–1155. 

Maeda, T., Sanchez-Torres, V., and Wood, T. K. (2007a). Enhanced hydrogen 

production from glucose by metabolically engineered Escherichia coli. Applied 

Microbiology and Biotechnology. 77(4), 879–890. 

Maeda, T., Sanchez-Torres, V., and Wood, T. K. (2007b). Escherichia coli 

hydrogenase 3 is a reversible enzyme possessing hydrogen uptake and synthesis 

activities. Applied Microbiology and Biotechnology, 76(5), 1035–1042. 

Maeda, T., Sanchez-Torres, V., and Wood, T. K. (2008). Metabolic engineering to 

enhance bacterial hydrogen production. Microbial biotechnology, 1(1), 30–9. 

Mamimin, C., Jehlee, A., Saelor, S., Prasertsan, P., and O-Thong, S. (2016). 

Thermophilic hydrogen production from co-fermentation of palm oil mill effluent 

and decanter cake by Thermoanaerobacterium thermosaccharolyticum PSU-2. 

International Journal of Hydrogen Energy, 41(46), 21692–21701. 

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, Biotechnol 

Biofuels, 5(1), 1. 

Mishra, P., Thakur, S., Singh, L., Wahid, Z. A., and Sakinah, M. (2016). Enhanced 

hydrogen production from palm oil mill effluent using two stage sequential dark 

and photo fermentation. International Journal of Hydrogen Energy, 41(41), 

18431–18440. 

Miura, Y., Akano, T., Fukatsu, K., Miyasaka, H., Mizoguchi, T., Yagi, K., Matsumoto, 

H. (1997). Stably sustained hydrogen production by biophotolysis in natural 

day/night cycle. Energy Conversion and Management, 38, Supple, S533–S537. 

Mohammed, M. A. A., Salmiaton, A., Wan Azlina, W. A. K. G., Mohammad Amran, 

M. S., Fakhru’L-Razi, A., and Taufiq-Yap, Y. H. (2011). Hydrogen rich gas from 

oil palm biomass as a potential source of renewable energy in Malaysia. 

Renewable and Sustainable Energy Reviews, 15(2), 1258–1270. 

Mohd Yusoff, Mohd Zulkhairi., Hassan, Mohd Ali., Abd-Aziz, S., Rahman, N. A. . 

(2009). Start-up of biohydrogen from Palm Oil Mill Effluent under non-sterile 

condition in 50 L continuous stired tank reactor. International Journal of 

Agricultural Research, 4(4), 163–168. 

Mohd Yusoff, M. Z., Maeda, T., Sanchez-Torres, V., Ogawa, H. I., Shirai, Y., Hassan, 

M. A., and Wood, T. K. (2012). Uncharacterized Escherichia coli proteins YdjA 

and YhjY are related to biohydrogen production. International Journal of 

Hydrogen Energy, 37(23), 17778–17787. 

Morimoto, M., Atsuko, M., Atif, A. A. ., Ngan, M. ., Fakhru’l-Razi, A., Iyuke, S. ., and 

Bakir, A. . (2004). Biological production of hydrogen from glucose by natural 

anaerobic microflora. International Journal of Hydrogen Energy, 29(7), 709–

713. 

Malaysia Palm Oil Board (2016). Statistic of oil palm planted area 2016. Retrieved 

from http://bepi.mpob.gov.my/index.php/en/statistics/area/176-area-2016.html. 

(Accessed on 1st June 2017).  

Norfadilah, N., Raheem, A., Harun, R., and Ahmadun, F. (2016). Bio-hydrogen 

production from palm oil mill effluent (POME): A preliminary study. 

International Journal of Hydrogen Energy, 41(28), 11960–11964. 

National Aeronautics and Space Administration (2017). Data show 2016 warmest year 

on record globally. Retrieved from https://www.nasa.gov/press-release/nasa-

noaa-data-show-2016-warmest-year-on-record-globally. (Accessed on 5th May 

2017).  



© C
OPYRIG

HT U
PM

48 

 

Ntaikou, I., Gavala, H. N., Kornaros, M., and Lyberatos, G. (2008). Hydrogen 

production from sugars and sweet sorghum biomass using Ruminococcus albus. 

International Journal of Hydrogen Energy, 33(4), 1153–1163. 

O-Thong, S., Prasertsan, P., Intrasungkha, N., Dhamwichukorn, S., and Birkeland, N.-

K. (2007). Improvement of biohydrogen production and treatment efficiency on 

palm oil mill effluent with nutrient supplementation at thermophilic condition 

using an anaerobic sequencing batch reactor. Enzyme and Microbial Technology, 

41(5), 583–590. 

O-Thong,S., Prasertsan, P.,Karakashev,D.,Angelidaki,I. (2008). Thermophilic 

fermentative hydrogen production by the newly isolated Thermoanaerobacterium 

thermosaccharolyticum PSU-2. International Journal of Hydrogen, 33(4),1204-

1214 

O-Thong, S., Suksong, W., Promnuan, K., Thipmunee, M., Mamimin, C., and 

Prasertsan, P. (2016). Two-stage thermophilic fermentation and mesophilic 

methanogenic process for biohythane production from palm oil mill effluent with 

methanogenic effluent recirculation for pH control. International Journal of 

Hydrogen Energy, 41(46), 21702–21712. 

Oh, Y. K., Park, S., Seol, E. H., Kim, S. H., Kim, M. S., Hwang, J. W., and Ryu, D. D. 

Y. (2008). Carbon and energy balances of glucose fermentation with 

hydrogenproducing bacterium Citrobacter amalonaticus Y19. Journal of 

Microbiology and Biotechnology, 18(3), 532–538. 

Oh, Y., Mohan, S., Yeol, G., and Park, S. (2011). Bioresource Technology Current 

status of the metabolic engineering of microorganisms for biohydrogen 

production. Bioresource Technology, 102(18), 8357–8367. 

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(19), 

5256–5265. 

Performance Management and Delivery Unit. (2010). New Economic Model of 

Malaysia (ETP). In Economic Transformation Programme : A Roadmap For 

Malaysia (pp. 57–120). (Accessed on 3rd February 2017). 

Podestá, J. J., Gutiérrez-Navarro, A. M., Estrella, C. N., and Esteso, M. A. (1997). 

Electrochemical measurement of trace concentrations of biological hydrogen 

produced by Enterobacteriaceae. Research in Microbiology, 148(1), 87–93. 

Poh, P. E., Yong, W. J., and Chong, M. F. (2010). Palm oil mill effluent (POME) 

characteristic in high crop season and the applicability of high-rate anaerobic 

bioreactors for the treatment of pome. Industrial and Engineering Chemistry 

Research, 49(22), 11732–11740. 

Poh, P.E., and Chong, M. F. (2009). Development of anaerobic digestion methods for 

palm oil mill effluent (POME) treatment. Bioresource Technology, 100(1), 1-9 

Rachman, M. A., Furutani, Y., Nakashimada, Y., Kakizono, T., and Nishio, N. (1997). 

Enhanced hydrogen production in altered mixed acid fermentation of glucose by 

Enterobacter aerogenes. Journal of Fermentation and Bioengineering, 83(4), 

358–363. 

Rosales-Colunga, L. M., Alvarado-Cuevas, Z. D., Razo-Flores, E., and De Leon 

Rodriguez, A. (2013). Maximizing hydrogen production and substrate 

consumption by Escherichia coli WDHL in cheese whey fermentation. Applied 

Biochemistry and Biotechnology, 171(3), 704–715. 

Rosales-Colunga, L. M., Razo-Flores, E., and De Leon Rodriguez, A. (2012). 

Fermentation of lactose and its constituent sugars by Escherichia coli WDHL: 

Impact on hydrogen production. Bioresource Technology, 111, 180–184. 



© C
OPYRIG

HT U
PM

49 

 

Sanchez-Torres, V., Mohd Yusoff, M. Z., Nakano, C., Maeda, T., Ogawa, H. I., and 

Wood, T. K. (2013). Influence of Escherichia coli hydrogenases on hydrogen 

fermentation from glycerol. International Journal of Hydrogen Energy, 38(10), 

3905–3912. 

Setiadi, T., Trianto, A., Aznury, M., and Pancoro, A. (2015). Production of 

polyhydroxyalkanoate (PHA) by Ralstonia eutropha JMP 134 with volatile fatty 

acids from palm oil mill effluent as precursors. Water Science and Technology, 

72(11), 1889–1895. 

Singh, L., Wahid, Z. A., Faisal, M., Ahmad, A., Hasbi, M., Rahim, A., and Sakinah, M. 

(2012). Application of immobilized upflow anaerobic sludge blanket reactor 

using Clostridium LS2 for enhanced biohydrogen production and treatment 

efficiency of palm oil mill effluent. International Journal of Hydrogen Energy, 

38(5), 2221–2229. 

Sluiter A, Hames, B,Ruiz R, Scarlata C, Sluiter J, Templeton D, Crocker D. (2012). 

NREL/TP-510-42618 analytical procedure- determination of structural 

carbohydrates and lignin in biomass. Laboratory Analaytical Procedure (LAP), 

(April 2008), 17.455. Retrieved from http://www.nrel.gov/docs/gen/fy13/42618. 

pdf. (Accessed on 24th September 2016). 

Stephenson, M., and Stickland, L. H. (1932). Hydrogenlyases: Bacterial enzymes 

liberating molecular hydrogen. The Biochemical journal, 26(3), 712–24.  

Tahti H, Kaparaju P, Rintala J. (2013). Hydrogen and methane production in extreme 

thermophilic conditions in two-stage (up-flow anaerobic sludge bed) UASB 

reactor system. International Journal of Hydrogen Energy, 38, (12), 4997- 5002.  

Tanikkul, P., and Pisutpaisal, N. (2014). Biohydrogen production under thermophilic 

condition from ozonated palm oil mill effluent. Energy Procedia, 61, 1234–1238. 

Tran, K. T., Maeda, T., and Wood, T. K. (2014). Metabolic engineering of Escherichia 

coli to enhance hydrogen production from glycerol. Applied Microbiology and 

Biotechnology, 98(10), 4757–4770. 

Uyar, B., Eroglu, I., and Yu, M. (2009). Photofermentative hydrogen production from 

volatile fatty acids present in dark fermentation effluents, International Journal 

of Hydrogen Energy, 34, 4517–4523. 

Vardar-Schara, G., Maeda, T., and Wood, T. K. (2008). Metabolically engineered 

bacteria for producing hydrogen via fermentation. Microbial biotechnology, 1(2), 

107–25. 

Wang, X., and Jin, B. (2009). Process optimization of biological hydrogen production 

from molasses by a newly isolated Clostridium butyricum W5. Journal of 

Bioscience and Bioengineering, 107(2), 138–144. 

Yasim-Anuar, T. A. T., Ariffin, H., Norrrahim, M. N. F., and Hassan, M. A. (2017). 

Factors affecting spinnability of oil palm mesocarp fiber cellulose solution for the 

production of microfiber. Bioresources, 12(1), 715–734. 

Yasin, N. H. M., Fukuzaki, M., Maeda, T., Miyazaki, T., Maail, C. M. H. C., Ariffin, 

H., and Wood, T. K. (2013). Biohydrogen production from oil palm frond juice 

and sewage sludge by a metabolically engineered Escherichia coli strain. 

International Journal of Hydrogen Energy, 38(25), 10277–10283. 

Yoshida, A., Nishimura, T., and Kawaguchi, H. (2005). Enhanced hydrogen production 

from formic acid by formate hydrogen lyase-overexpressing Escherichia coli 

strains. Applied and Environmental Microbiology, 71(11), 6762–6768. 

Zakaria, M. R., Hirata, S., Fujimoto, S., Ibrahim, I., and Hassan, M. A. (2016). Soluble 

inhibitors generated during hydrothermal pretreatment of oil palm mesocarp fiber 

suppressed the catalytic activity of Acremonium cellulase. Bioresource 

Technology, 200, 541–547. 



© C
OPYRIG

HT U
PM

50 

 

Zakaria, M. R., Norrrahim, M. N. F., Hirata, S., and Hassan, M. A. (2015). 

Hydrothermal and wet disk milling pretreatment for high conversion of biosugars 

from oil palm mesocarp fiber. Bioresource Technology, 181, 263–269. 

 

 

 


	1. cover print
	2. NEXT
	3. Thesis Terbaik
	4 Copyright



