




w w w . e b g r o u p . u p m . e d u . m yr e s e a r c h  r e p o r t  2 0 1 7 01PB

CONTENTS

E B  R E S E A R C H E R S

Introduction to EB Laboratories

Message from the EB Group Leader

EB Big Picture

Serdang Biomass Town

SATREPS

EB Group Success Story

Prof. Dr. Mohd Ali Hassan
(Bioprocess Engineering and Environmental Biotechnology) 

Prof. Dr. Suraini Abd-Aziz
(Biochemical Engineering and Enzyme Technology) 

Assoc. Prof. Dr. Hidayah Ariffin
(Bioprocess and Environmental Engineering) 

Dr. Mohd Rafein Zakaria
(Environmental Biotechnology) 

Dr. Norhayati Ramli
(Microbial Biotechnology) 

Dr. Mohd Zulkhairi Mohd Yusoff  
(Environmental Biotechnology and Molecular Biotechnology) 

Dr. Mohamad Faizal Ibrahim 
(Enzyme Technology) 

Dr. Ezyana Kamal Bahrin 
(Environmental Biotechnology) 

Dr. Ahmad Muhaimin Roslan 
(Environmental Biotechnology) 

06

07

08

10

12

14

15

16

17

18

19

20

21

22

23



w w w . e b g r o u p . u p m . e d u . m yr e s e a r c h  r e p o r t  2 0 1 7 0302

CONTENTS
Associate Members

Publications

Attachments

Consultancy, Award and Newspaper Cutting

Conferences and Workshops

24

29

44

46

49

PhD STUDENTS
Diana Mohd Nor
Bacterial community composition in the POME treatment 
system

Elmy Nahida Othman
Controlled depolymerization of polyhydroxyalkanoates by 
steam hydrolysis

Mohd Azwan Jenol
Sago biomass as a potential feedstock for bioelectricity 
generation

Mohd Nor Faiz Norrahim
Nanofiber and nanocomposite production from super-heated 
steam 

Muhamad Yusuf Hasan
Co-composting of OPEFB and anaerobic sludge POME in 
closed system

Nahrul Hayawin Zainal 
Production of biochar and activated carbon from oil palm 
kernel shell

Nik Ida Mardiana Nik Pa 
Expression of codon optimized recombinant cyclodextrin 
glycosyltransferase from E. coli

Noor Farisha Abdul Rahim
Synthesis of bio-based polyesters from palm oil’s fatty acid

Nor Fariza Abdul Rahim
Production of biovanillin and p-hydroxybenzaldehyde from 
pineapple crown and lemongrass leaves

Ruqayyah Masran
Pretreatment of OPEFB for production of fermentable sugars

Siti Jamilah Hanim Mohd Yusof
Recovery of sugars from OPF for bioethanol production

53

53

54

54

55

55

56

56

57

57

58



w w w . e b g r o u p . u p m . e d u . m yr e s e a r c h  r e p o r t  2 0 1 7 0302

PhD STUDENTS

MASTER STUDENTS

Siti Suliza Salamat
The use of OPEFB and POME as compost in oil palm 
plantations

Tengku Arisyah Tengku Yasim Anuar
Cellulose nanofiber and nanocomposite production from 
OPMF

Yuya Hashiguchi 
Toxicity identification evaluation of POME

Azam Fikri Taifor
Biohydrogen production from POME 

Enis Natasha Noor Arbaain
Biological pretreatment of OPEFB using locally isolated 
fungus

Nurhajirah Mohamed Biran
Production of polyhydroxyalkanoates from engineered E. coli

Hazwani Husin
Biobutanol production from sago hampas using
C. acetobutylicum

Izzatul Syazana Ismail
Biosurfactant production from waste cooking oil using
P. aeruginosa RW9

Khairiatul Nabilah Jansar
Production of glucose from mixed oil palm biomass

Liana Noor Megashah
Non-chlorinated nanocellulose production from oil palm 
biomass

Marahaini Md Mokhtar
Elucidation of uncharacterized pseudogene in hydrogen 
metabolism

Mohamad Farhan Mohamad Sobri
Expression of β-glucosidase gene in Saccharomyces cerevisiae 
for bioethanol production

Muhammad Azman Zakaria
E. coli pseudogene in hydrogen production

Muhammad Hafif Samsudin
Co-composting of kitchen waste and sawdust with addition of 
biochar

58

59

59

60

60

61

61

62

62

63

63

64

64

65



w w w . e b g r o u p . u p m . e d u . m yr e s e a r c h  r e p o r t  2 0 1 7 0504 w w w . e b g r o u p . u p m . e d u . m yr e s e a r c h  r e p o r t  2 0 1 7 0504

Muhammad Siddiq Mohamed Salleh
Biobutanol produced from simultaneous saccharification and 
fermentation using in-situ recovery

Nor Farhana Aziz Ujang
Treatment POME final discharge using wetland system

Norlailiza Ahmad
Production of xylooligosaccharide and biosugars from oil 
palm mesocarp fiber 

Nur Atheera Aiza Md Razali
Biobutanol production through simultaneous saccharification 
and fermentation

Nur Fatin Athirah Ahmad Rizal 
Effect of pretreatment of oil palm biomass for fermentable 
sugars production

Nurshazana Mohamad
Essential oil from pineapple peels

Nurul Hanisah Md Badrul Hisham
Surfactant production from used cooking oil

New Registered Students 
Abubakar Abdullahi Lawal 
One-step CO2 enhanced steam activation for activated 
biochar production

Chin Kok On
Extraction of tocotrienols from OPMF

Erwan Syah Tugiman
Exploiting biochar as organic soil amendment as alternate 
fertilizer

Nurul Atiqah Osman
Biobutanol production from non-food biosugar

Nur Aina Natasha Mohd Asmadi 
Biosurfactant production from empty fruit bunch pressed oil

Alumni 2017

List of EB Alumni (2011-2016)

EB Alumni Wall of Fame

EB 2017 in Pictures

CONTENTS

MASTER STUDENTS
65

66

66

67

67

68

68

69

69

69

69

69

70

71

72

73



w w w . e b g r o u p . u p m . e d u . m yr e s e a r c h  r e p o r t  2 0 1 7 0504 w w w . e b g r o u p . u p m . e d u . m yr e s e a r c h  r e p o r t  2 0 1 7 0504

B I O R E F I N E R Y  C O M P L E X  @  U P M

• Biomass & Biorefinery Laboratory (BBL) located near to 
University Agricultural Park (TPU) and UPM golf course, was 
operated  since January 2014.

• The whole area of BBL covers 1075 m2.

• Postgraduate students room  
• Researcher rooms
• Meeting room  
• Seminar room
• Washroom and prayer room

• The laboratory can accommodate about 30 students.
• A maximum occupancy of the seminar room is 80 people at 

a time.

• Biochar, biocompost, biodiesel and biogas  pilot plants 
are developed based on our research for 20 years in 
environmental  biotechnology.

• Majorly equipped with solid biomass  processing machines 
such as biocompost  machinery, steam blasting and 
biodiesel  reactor.

• The laboratory comprises of chemical room, culture room, 
bioreactor system, analysis room and cold room.

• These rooms are fully equipped with instruments for 
biomass pretreatment, fermentation process,  bioalcohol 
detection and wastewater characterisation.

BIOMASS & BIOREFINERY  
LABORATORY

GENERAL FACILITIES

CAPACITY

PILOT PLANT

LABORATORY
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E B  L A B O R AT O R Y  AT
B I O T E C H  3 

We have three labs at BioTech 3: EB 
Lab 1 (general lab), EB Lab 2 (molecular 

biotechnology lab) and Biomolecular 
Sciences

The laboratory focuses on research related 
to  biopolymers and biomaterials. While, 

the Molecular section  mainly focus on the 
molecular biotechnology research.

• Gas-chromatography with Flame  
Ionization Detector (GC-FID)

• Gel permeation chromatography  
(GPC) with UV and RI detectors

• High performance liquid  
chromatography (HPLC)

• Thermogravimetric Analyzer (TGA)
• Freeze dryer

• PCR and RT-PCR  thermal cycler
• Denaturing Gradient Gel  

Electrophoresis (DGGE)
• Flow cytometer
• NanoDrop spectrophotometer
• Gel Documentation Systems

The general laboratory
is equipped with:

The molecular laboratory
is equipped with:

General laboratory Molecular laboratory Preparation room
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PROFESSOR DR. MOHD ALI HASSAN
M E S S A G E  F R O M  T H E  E B  G R O U P  L E A D E R

In The Name of ALLAH, Most Gracious, Most Merciful.

AlhamduLillah, praise to ALLAH for His generous favours and blessings on us all. As 
the Leader of Environmental Biotechnology Research Group (EB) at Universiti Putra 
Malaysia, I am glad to share with you our research report for 2017. 

• We have two sub-groups; comprising of EB1 - Biomass and 
Biorefinery,     and EB2 – Bioenergy and Biobased Chemicals. 

• We have 9 academic staff members, 1 post-doctorate 
researcher and 11 associate researchers. 

• Our current student enrolment are 15 PhD, 22 MS and 17 
undergraduate students. In addition we also have 3 students 
on the PhD Dual-Degree program with Kyushu Institute of 
Technology, Japan. 

• In 2017, 2 PhD students and 6 MS students graduated from 
our laboratory. 

• We continue to operate the Biorefinery@UPM Complex, 
comprising of the Biomass Technology Laboratory and the 
Pilot Plant for Biocompost, Biochar, Biodiesel and Biogas 
under the Serdang Biomass Town project, in collaboration 
with The Ministry of Housing and Local Government 
(KPKT, Malaysia), The Ministry of Agriculture, Forestry and 
Fisheries (MAFF, Japan), Malaysia Agricultural Research 
and Development Institute (MARDI) and The Subang Jaya 
Municipal Council (MPSJ). 

• We managed to secure the JICA-JST SATREPS International 
Grant for the period 2013-2017, with a matching grant 
from The Ministry of Education Malaysia (2014-2018), to 
set up an integrated zero-emission showcase pilot plant at 
Keningau Palm Oil Mill in Sabah. Under the JICA-JST SATREPS 
project, we continue to strengthen the academic and 
research collaboration with Professor Yoshihito Shirai and 
co-workers from Kyushu Institute of Technology, Dr. Satoshi 
Hirata and co-workers from Advanced Institute of Science 

and Technology (AIST) Japan, Professor Dr. Kenji Sakai and 
co-workers from Kyushu University and Professor Dr. Charles 
Vairappan and co-workers from Universiti Malaysia Sabah.

 
• We conduct collaborative research projects with the 

industry, namely Indah Water Konsortium (IWK) on sewage 
sludge pellets, and with CJ BioMalaysia Sdn. Bhd on sludge 
and spent activated carbon. We also conduct a consultancy 
project with Mitsubishi Heavy Industry Asia Pacific on fuel 
pellets from oil palm biomass and municipal solid waste 
management. Recently we have 
Kemanan Palm Oil Mill under TDM 
Berhad as our industry partner on 
the biocomposting project.

• In terms of output, we successfully 
published 24 research papers in 
2017, with 11 in Quartile 1 (Q1) 
and 6 in Quartile 2 (Q2), with a 
total of 75.2 Impact Factors. 

I appreciate the hard work from all 
EB members in maintaining our high-
performance culture. May ALLAH 
give us the strength to continue 
the good work and contribute to 
the development of university, the 
ummah and the nation. 

Thank you. Wassalam.

Professor Dr. Mohd Ali Hassan
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WASTE COLLECTION FROM: 
| UNIVERSITI PUTRA MALAYSIA (UPM) |

| SRI SERDANG TOWN |
| MARDI |
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Sewage
Sludge
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Used 
Cooking Oil

Municipal 
Solid Waste

Recyclable Materials

Food
Waste

Manual and Mechanical
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Carbonization Process

Composting Process

Biodiesel Production

Sludge

Biogas Production

BIOREFINERY COMPLEX AT 
UNIVERSITI PUTRA MALAYSIA

BIOCHAR
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EXCESS STEAM

POME

Promotion on green economy with palm oil industry
for biodiversity conservation in malaysia
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EB Group Success Story

Promotion of Green Economy with Palm Oil Industry 
for Biodiversity Conservation in Malaysia

PROJECT LEADERS

Keningau, Sabah, Malaysia

Budget=
MYR 4 million

27
Publications

Applied Science, Technology and
Engineering, National Sciences and

National Herritage

9 on-going students;
3 PhDs and 4 masters

3 PhDs dual degree program
Kyutech-UPM

10 students
graduated;
3 PhDs and
7 Masters

48 months
(Sept 2014 - Aug 2018)

Prof. Dr. Mohd Ali Hassan

Prof. Dr. Yoshihito Shirai

Prof. Dr. Charles Santhanaraju Vairappan

EB Group Publication 2009-2017

2009 2010 2011 2012 2013 2014 2015 2016 2017

23
27

22

16
23

20

20

23

14

24

21
13

41
12

41
52

28
75

Total Impact Factor

Number of Publication
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Specialization:
Bioprocess Engineering and 
Environmental Biotechnology

Current research interest:
Treatment and utilization of biomass 
for the production of bio-based 
products, bioremediation and 
reduction of greenhouse gases.

h-index: 31

Citation: 3223

Contacts:
+603-8946 6701
alihas@upm.edu.my

Academic Qualification: 
(a) PhD  (Environmental 

Biotechnology), University of 
Okayama, Japan (1997)

(b)  MPhil. (Chemical Engineering), 
University of Birmingham, U.K. 
(1990)

(c)   MSc. (Food Engineering), 
University of Leeds, U.K. (1982)

(d)   BSc. (Honours) (Chemical 
Engineering), University of 
Leeds, U.K. (1980)

(e)   ‘A’ Levels (Math., Chem., 
Physics), Oxford College Further 
Edu., U.K. (1977)

(f)   Post-graduate Diploma (Islamic 
Studies), University Kebangsaan 
Malaysia (1985)

Selected Publications:

1. Abdullah, S.S.S., Shirai, Y., Ali, A.A.M., Mustapha, M., Hassan, M.A., 
2016. Case study: Preliminary assessment of integrated palm biomass 
biorefinery for bioethanol production utilizing non-food sugars from oil 
palm frond petiole. Energy Convers. Manag. 108, 233–242. 

2. Ahmad Farid, M.A., Hassan, M.A., Taufiq-Yap, Y.H., Ibrahim, M.L., 
Othman, M.R., Ali, A.A.M., Shirai, Y., 2017a. Production of methyl esters 
from waste cooking oil using a heterogeneous biomass-based catalyst. 
Renew. Energy 114, 638–643. 

3. Ahmad Farid, M.A., Hassan, M.A., Taufiq-Yap, Y.H., Shirai, Y., Hasan, M.Y., 
Zakaria, M.R., 2017b. Waterless purification using oil palm biomass-
derived bioadsorbent improved the quality of biodiesel from waste 
cooking oil. J. Clean. Prod. 165, 262–272. 

4. Dzulkurnain, Z., Hassan, M.A., Zakaria, M.R., Wahab, P.E.M., Hasan, 
M.Y., Shirai, Y., 2017. Co-composting of Municipal Sewage Sludge and 
Landscaping Waste: A Pilot Scale Study. Waste and Biomass Valorization 
8, 695–705. 

5. Ibrahim, I., Hassan, M.A., Abd-Aziz, S., Shirai, Y., Andou, Y., Othman, 
M.R., Ali, A.A.M., Zakaria, M.R., 2017. Reduction of residual pollutants 
from biologically treated palm oil mill effluent final discharge by steam 
activated bioadsorbent from oil palm biomass. J. Clean. Prod. 141, 122–
127. 

Professor Dr Mohd Ali Hassan
E B  G R O U P  R e s e a r c h e r
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Specialization:
Biochemical Engineering/Enzyme 
Technology

Current research interest:
Utilization of lignocellulosic biomass 
for bioenergy and biobased 
chemicals.

h-index: 23

Citation: 1482

Contacts:
+603-89467479; +603-89471048
suraini@upm.edu.my;
suraini.aziz@gmail.com

Academic Qualification: 
(a) PhD (Biochemical Engineering), 

University of Wales, Swansea, 
United Kingdom (1997)

(b) MSc. (Biochemical Engineering), 
University of Wales, Swansea, 
United Kingdom (1994)

(c) BSc. (Hons) (Clinical 
Biochemistry), Universiti 
Kebangsaan Malaysia (1992)

Selected Publications:

1. Abu Samah, R., Zainol, N., Lai Yee, P. and Abd-Aziz., S. 2017. Fixed-
bed adsorption of aqueous vanillin onto resin H103. IIUM Engineering 
Journal. 18(2): 94-104.

2. Ariff, I.N.M., Bahrin, E.K., Ramli, N., Abd-Aziz, S., 2017. Direct Use of 
Spent Mushroom Substrate from Pleurotus pulmonarius as a Readily 
Delignified Feedstock for Cellulase Production. Waste and Biomass 
Valorization. 

3. Ibrahim, M.F., Ramli, N., Bahrin, E.K., Abd-Aziz, S., 2017. Cellulosic 
biobutanol by Clostridia: Challenges and improvements. Renew. Sustain. 
Energy Rev. 79, 1241–1254. 

4. Mohamad, N., Phang, L., Abd-Aziz, S., 2017. Optimization of metallo-
keratinase production by Pseudomonas sp. LM19 as a potential enzyme 
for feather waste conversion. Biocatal. Biotransformation 35, 41–50.

5. Zainal, N.H., Aziz, A.A., Idris, J., Mamat, R., Hassan, M.A., Bahrin, E.K., 
Abd-Aziz, S., 2017. Microwave-assisted pre-carbonisation of palm 
kernel shell produced charcoal with high heating value and low gaseous 
emission. J. Clean. Prod. 142, 2945–2949. 

Book Chapter

Abd-Aziz, S, Ibrahim, M.F and Jenol, M.A.. (2017). Biological Pretreatment 
of Lignocellulosic Biomass for Volatile Fatty Acid Production (Part IV). IN: 
Emerging Areas in Bioengineering: Advanced Biotechnology (Vol 7). Edited 
by Ho Nam Chang. Series edited by Sang Yup Lee, Jens Nielsen and Gregory 
Stephanopoulos.

ISBN: 978-3-527-34088-0; 880 pages; December 2017. Wiley, 2017. Page 
191-202.

Professor Dr Suraini Abd-Aziz
E B  G R O U P  R e s e a r c h e r
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Specialization:
Bioprocess Engineering and 
Biomaterials.

Current research interest:
• Nanocellulose and 

Nanocomposites.
• Utilization of plant biomass for 

the production of bio-based 
chemicals, biopolymers and 
biocomposites.

h-index: 14

Citation: 581

Contacts:
+603-8946 7515 / +603-8947 1782
hidayah@upm.edu.my

Academic Qualification: 
(a) PhD (Environmental 

Engineering) Kyushu Institute of 
Technology, Japan (2009)

(b) MSc. (Bioprocess Engineering) 
Universiti Putra Malaysia (2006)

(c) Bachelor of Engineering (Process 
and Food) Universiti Putra 
Malaysia (2004)

Selected Publications:

1. Ahamad Nordin, N.I.A., Ariffin, H., Hassan, M.A., Shirai, Y., Ando, 
Y., Ibrahim, N.A., Wan Yunus, W.M.Z., 2017. Superheated Steam 
Treatment of Oil Palm Mesocarp Fiber Improved the Properties of Fiber-
Polypropylene Biocomposite. BioResources 12, 68–81.

2. Kian, L.K., Jawaid, M., Ariffin, H., Alothman, O.Y., 2017. Isolation and 
characterization of microcrystalline cellulose from roselle fibers. Int. J. 
Biol. Macromol. 103, 931–940. 

3. Mohd Warid, M.N., Ariffin, H., Hassan, M.A., Shirai, Y., 2016. Optimization 
of Superheated Steam Treatment to Improve Surface Modification of Oil 
Palm Biomass Fiber. BioResources 11, 5780–5796.

4. Rajaratanam, D.D., Ariffin, H., Hassan, M.A., Kawasaki, Y., Nishida, H., 
2017. Effects of (R)-3-hydroxyhexanoate units on thermal hydrolysis 
of poly((R)-3-hydroxybutyrate-co-(R)-3-hydroxyhexanoate)s. Polym. 
Degrad. Stab. 137, 58–66. 

5. Yasim-Anuar, T.A.T., Ariffin, H., Norrrahim, M.N.F., Hassan, M.A., 2017. 
Factors Affecting Spinnability of Oil Palm Mesocarp Fiber Cellulose 
Solution for the Production of Microfiber. BioResources 12, 715–734.

Associate Professor Dr Hidayah Ariffin
E B  G R O U P  R e s e a r c h e r
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Specialization:
Environmental biotechnology, 
Biomass valorization, 
Hydrothermal pretreatment, 
Polyhydroxyalkanoates

Current research interest:
Biomass valorization in biorefinery 
concept

h-index: 11

Citation: 291

Contacts:
+603-89471946
mohdrafein@upm.edu.my

Academic Qualification: 
(a) PhD (Environmental 

Biotechnology), Universiti Putra 
Malaysia (2012)

(b) M.Sc. (Environmental 
Biotechnology), Universiti Putra 
Malaysia (2008)

(c) B.Sc. (Hons) Biotechnology, 
Universiti Putra Malaysia (2003)

Selected Publications:

1. Ahmad Farid, M.A., Hassan, M.A., Taufiq-Yap, Y.H., Shirai, Y., Hasan, 
M.Y., Zakaria, M.R., 2017. Waterless purification using oil palm biomass-
derived bioadsorbent improved the quality of biodiesel from waste 
cooking oil. J. Clean. Prod. 165, 262–272. 

2. Dzulkurnain, Z., Hassan, M.A., Zakaria, M.R., Wahab, P.E.M., Hasan, 
M.Y., Shirai, Y., 2017. Co-composting of Municipal Sewage Sludge and 
Landscaping Waste: A Pilot Scale Study. Waste and Biomass Valorization 
8, 695–705. 

3. Taifor, A.F., Zakaria, M.R., Mohd Yusoff, M.Z., Toshinari, M., Hassan, 
M.A., Shirai, Y., 2017. Elucidating substrate utilization in biohydrogen 
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A B S T R A C T

The gradual shift of transportation fuels from oil based fuels to alternative fuel resources and worldwide
demand for energy has been the impetus for research to produce alcohol biofuels from renewable resources
which focus on utilizing simple sugars from lignocellulosic biomass, the largest known renewable carbohydrate
source as an alternative. Currently, the usage of bioethanol and biodiesel do not cover an increasing demand for
biofuels. Hence, there is an extensive need for advanced biofuels with superior fuel properties. Biobutanol is
regarded to be an excellent biofuel compared to bioethanol in terms of energy density and hygroscopicity, could
be produced through acetone-butanol-ethanol (ABE) fermentation process. Even though the ABE fermentation
is one of the oldest large-scale fermentation processes, biobutanol yield by anaerobic fermentation remains sub-
optimal. For sustainable industrial scale of biobutanol production, a number of obstacles need to be addressed
including choice of feedstock, low product yield, product toxicity to strain, multiple end-products and
downstream processing of alcohol mixtures plus the metabolic engineering for improvement of fermentation
process and products. Studies on the kinetic and physiological models for fermentation using lignocellulosic
biomass provide useful information for process optimization. Simultaneous saccharification and fermentation
(SSF) with in-situ product removal techniques have been developed to improve production economics due to the
lower biobutanol yield in the fermentation broth. The present review is attempting to provide an overall outlook
on the discoveries and strategies that are being developed for biobutanol production from lignocellulosic
biomass.

1. Introduction

Global warming, climate change, unstability of petrol price, deple-
tion of petroleum reservoir and severe environmental pollution due to
consumption of fossil fuel for energy generation are among the recent
world crisis [1]. These situations happened due to the increase in the
number of human population that subsequently contribute to the
increase in energy demand for industrial activities, transportations
and households. Utilisation of fossil fuel has been reported as the major
contributor to the increment of carbon dioxide percentage in the
atmosphere [2] that brings to the rise of the global mean temperature
and cause many environmental problems [3]. Due to the rapid increase
of human population, there is an urgent need for scientists to find
alternative energy source to solve our energy problems. The alternative
energy should be renewable, clean, environmental friendly and has
potential for future energy development.

Biofuel produced from biomass is one of the potential alternative

energy. At present, the largest commercial biofuel produced worldwide
is bioethanol, particularly in Brazil. Since the 1970s, Brazil has
implemented a bioethanol fuel program which has allowed the country
to become the world's second largest producer of bioethanol (after the
United States) and the world's largest exporter [4]. This bioethanol
produced from corn and sugar cane, which create concern on worlds
food supply. Therefore, in recent studies the production of bioethanol
has been switched from food source to non-food source like lignocel-
lulosic biomass. Lignocellulosic biomass is a plant material composed
of lignin, cellulose and hemicellulose in its cell wall structure. The
cellulose and hemicellulose can be digested into sugar monomers [5],
which can be subsequently used as substrate for fermentation. Besides,
lignocellulosic biomass also abundantly available, mainly generated
from agricultural and forestry activities, considered as a waste and
need to be treated before discharge to environment [6]. Due to these
advantages, research on utilisation of lignocellulosic biomass as
fermentation feedstock for bioethanol has grown rapidly over the years.
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a b s t r a c t

Production of charcoal with a high higher heating value (HHV) while maintaining low gaseous emission
requires high energy input and complicated methods. This paper presents a study of the production of
charcoal with high HHV and low gaseous emission from palm kernel shell (PKS) within a microwave-
assisted pre-carbonisation system. The maximum temperature was 300 �C, and three magnetrons
were employed to assist with the pre-carbonisation process. The magnetrons were programmed to
automatically shut down when the temperature reached 250 �C. Carbonisation took place when the PKS
was combusted and the resulting heat was used to sustain the carbonisation. The gaseous emission was
passed through a condensation unit and a scrubber system connected to the microwave reactor. Un-
treated PKS biomass with particle size of 6e15 mm was used in this study. A high HHV of 27.63 MJ/kg
was obtained. The concentrations for the particulate matter with a size of 10 mm and below (PM10), CO,
NO2, SO2 and HCl were below the standard limits set by the Malaysian Ambient Air Quality Standards
(2014). Therefore, the microwave-assisted pre-carbonisation technology proposed in this study produced
charcoal with high HHV and low gaseous emission which can be used as co-combustion for renewable
energy generation.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Malaysia is the second largest producer of palm oil in the world
and generates a huge amount of palm biomass that can be used for
bioenergy development projects. The Malaysian palm oil industry
generates 80 million tonnes of dry solid biomass per annum and
this material includes oil palm frond, oil palm trunk, empty fruit
bunch, palm kernel shell and mesocarp fibre (National Innovation
Agency of Malaysia, 2013). Much of this material could potentially
be used as a renewable energy source. The production of charcoal
from oil palm biomass has been the subject of increasing interest.
Indeed, production of charcoal from empty fruit bunch (EFB) has

been shown to produce a high higher heating value (HHV) and a
high yield, with low energy requirements, for the sustainable
practice of waste management in the palm oil industry (Idris et al.,
2015a). Self-sustained carbonisation can be used to produce
acceptable HHV under low energy consumption rates when oil
palm biomass EFB is combusted by itself to provide the heat for
carbonisation (Idris et al., 2015a, 2015b, 2016).

It is a common practice to utilize palm kernel shell (PKS) for the
production of bio oil and other energy rich products like charcoal
(Lahijani et al., 2014; Mazaheri et al., 2013; Jalani et al., 2016).
However, during the initial stage of pre-carbonisation for PKS un-
der self-sustained carbonisation, long retention times are required
which resulted in low yields of charcoal. Microwave-assisted car-
bonisation can potentially be used for pre-carbonisation before the
carbonisation step. In recent years, microwave-assisted carbon-
isation has emerged as a potentially viable and efficient technique
for the conversion of biomass material into energy rich products
(Alslaibi et al., 2013). Microwave-assisted carbonisation system has

Abbreviation: HHV, higher heating value; PKS, palm kernel shell; PM10,
particulate matter with a size of 10 mm and below.
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a b s t r a c t

The potential utilization of phospholine gum, a by-product of the palm oil industry was evaluated using
waste sewage sludge (WSS) as a substrate as well as a microbial source to mimic methane production by
enteric fermentation. Ruminant animals release enteric methane through their digestive process. The
enteric methane is one of the greenhouse gases that can contribute to global warming and should be
prevented. In this study, methane production was remarkably inhibited by adding phospholine gum to
WSS, even at a low concentration. Phospholine gum reduced the activity of methanogens and Lactoba-
cillus sp. and Megasphaera sp. which are known as important ruminal microorganisms were detected as
bacterial species induced by the addition of phospholine gum to WSS. Also, the addition of phospholine
gum triggered an increase in protein concentrations as well as protease activities and stimulated to
produce protease and cellulase by which phospholine gum may be degraded. Furthermore, a significant
amount of propionate was produced in the presence of phospholine gum. Thus, phospholine gum in-
hibits methane production without inhibiting the stages of hydrolysis and acidogenesis/acetogenesis.
Finally, methane fermentation using the rumen derived from a goat was also inhibited by phospholine
gum. Therefore, these results indicate that the phospholine gum has great potential to inhibit methane
production as a feed additive for ruminant animals.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Methane is an extremely potent greenhouse gas because it can
trap heat and make the planet warmer. Natural gas, petroleum,
agricultural industries such as livestock production, landfills,
wastewater treatment, and other industrial processes are sources of
anthropogenic methane. Moreover, livestock production accounts
for 25% of the anthropogenic methane released from enteric
fermentation, particularly from ruminant animals (Lesschen et al.,
2011).

Anaerobic digestion is a natural process wherein bacteria

convert organic materials into biogases through hydrolytic, acido-
genic, acetogenic, and methanogenic reactions (Hassan et al.,
2005). Enteric methane production in the rumen undergoes a
similar anaerobic digestion process (Bayan�e and Guiot, 2011; Knapp
et al., 2014; Yue et al., 2012). Because the gas produced from
fermentation is mainly methane, carbon sources can be utilized for
the nutrition and milk production of ruminant animals rather than
for methane production. Thus, increases in the quantity and quality
of livestock may be achieved if methane production derived from
ruminant animals is inhibited (Beauchemin et al., 2008).

As the ruminant animals should utilize nutrients for anabolism
rather than methane production, it is important to develop a
strategy to mitigate enteric methane emission, which benefits
ruminant animals and the environment. To date, many mitigation
strategies have been developed such as dietary manipulation, uti-
lization of additives in feed, and administration of vaccines

* Corresponding author. Department of Biological Functions Engineering, Grad-
uate School of Life Science and Systems Engineering, Kyushu Institute of Technol-
ogy, 2-4 Hibikino, Wakamatsu, Kitakyushu 808-0196, Japan.

E-mail address: toshi.maeda@life.kyutech.ac.jp (T. Maeda).

Contents lists available at ScienceDirect

Journal of Cleaner Production

journal homepage: www.elsevier .com/locate/ jc lepro

http://dx.doi.org/10.1016/j.jclepro.2017.07.129
0959-6526/© 2017 Elsevier Ltd. All rights reserved.

Journal of Cleaner Production 165 (2017) 621e629

(Q1)  IMPACT FACTOR  5.715

(Q1)  IMPACT FACTOR  5.715

Izzudin Ibrahim
M a s t e r  S t u d e n t

Dr. Norhayati Ramli
G r o u p  R e s e a r c h e r

P U B L I S H E D

P U B L I S H E D



w w w . e b g r o u p . u p m . e d u . m yr e s e a r c h  r e p o r t  2 0 1 7 3332

Waterless purification using oil palm biomass-derived bioadsorbent
improved the quality of biodiesel from waste cooking oil

Mohammed Abdillah Ahmad Farid a, Mohd Ali Hassan a, b, Yun Hin Taufiq-Yap c, d,
Yoshihito Shirai e, Muhamad Yusuf Hasan b, f, Mohd Rafein Zakaria a, g, *

a Department of Bioprocess Technology, Faculty of Biotechnology and Biomolecular Sciences, Universiti Putra Malaysia, 43400, UPM, Serdang, Selangor,
Malaysia
b Department of Process and Food Engineering, Faculty of Engineering, Universiti Putra Malaysia, 43400, UPM, Serdang, Selangor, Malaysia
c Department of Chemistry, Faculty of Science, Universiti Putra Malaysia, 43400, UPM, Serdang, Selangor, Malaysia
d Catalysis Science and Technology Research Centre (PutraCAT), Faculty of Science, Universiti Putra Malaysia, 43400, UPM, Serdang, Selangor, Malaysia
e Graduate School of Life Sciences and System Engineering, Kyushu Institute of Technology, 808-0196 Hibikino 2-4, Wakamatsu-ku, Kitakyushu-shi,
Fukuoka, Japan
f Section of Bioengineering Technology, Universiti Kuala Lumpur, Malaysian Institute of Chemical and Bioengineering Technology, Alor Gajah, Malaysia
g Laboratory of Biopolymer and Derivatives, Institute of Tropical Forestry and Forest Products, Universiti Putra Malaysia, 43400, UPM, Serdang, Selangor,
Malaysia

a r t i c l e i n f o

Article history:
Received 18 December 2016
Received in revised form
14 July 2017
Accepted 17 July 2017
Available online 19 July 2017

Keywords:
Biodiesel
Purification
Biomass
Bioadsorbent
Waste cooking oil

a b s t r a c t

The utilization of adsorbents produced from biomass for tertiary treatment of industrial wastes has
gained much interest compared to the conventional methods such as flocculation and coagulation. In the
present study, a bioadsorbent produced from pressed-shredded oil palm empty fruit bunch was used to
remove impurities from crude biodiesel derived from waste cooking oil. The purification process was
performed using 1 to 5 wt% bioadsorbent loadings under continuous stirring at 500 rpm for 1 h. After
purification using 5 wt% of bioadsorbent loading, 89.7% of residual methanol, 81.7% of water, 36.7% of free
fatty acid and 98.6% of potassium were successfully removed. This met the European Biodiesel Standard
(EN14214). In comparison to commercial adsorbents and the water washing method, purification using
the oil palm empty fruit bunch derived bioadsorbent resulted in higher removal of free fatty acids,
potassium, water impurities and a smaller loss of fatty acid methyl esters. It was found that the use of the
bioadsorbent improved the biodiesel quality besides its benefits of ease of operations and avoidance of
waste water production.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

In recent years, the demand for biofuels is increasing due to
growing environmental awareness and concerns over energy se-
curity (Demirbas, 2009; Sumathi et al., 2008). BP Global (2015)
provided an in-depth statistical review of world energy in 2015
which showed an upward growth of 0.9% in biofuel production,
with an estimation of 75 thousand tons of oil produced. However,
the prohibitively high cost of production limited the widespread
applications of biofuels (Demirbas, 2009). For that reason, studies
on utilizing wastes and renewable resources to produce cheaper
biofuels have become more attractive.

Preliminary work on biodiesel production from waste cooking
oil (WCO) was undertaken by Canakci (2007) who demonstrated
the potential for economical biodiesel production using low-

List of abbreviations: ANOVA, analysis of variance; BJH, Barrett-Joyner-Halenda;
CH3ONa, sodium methoxide; EDX, energy-dispersive X-ray; EN14214, European
Biodiesel Standard; EUR, Euro; FAME, fatty acids methyl esters; FELDA, Federal Land
Development Authority; FTIR, Fourier transform infrared spectroscopy; FFA, free
fatty acids; GC, gas chromatography; FID, flame ionization detector; h, hour; He,
helium gas; KOH, potassium hydroxide; MB, methylene blue; min, minute; MYR,
Malaysian Ringgit; N2, nitrogen gas; NaOH, sodium hydroxide; OPEFB, oil palm
empty fruit bunch; rpm, rotation per minute; SEM, scanning electron microscope;
SYABAS, Syarikat Bekalan Air Selangor Sdn. Bhd.; TNB, Tenaga Nasional Berhad;
USD, United States Dollar; WCO, waste cooking oil.
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A B S T R A C T

Acetoin is used in the biochemical, chemical and pharmaceutical industries. Several effective methods for
acetoin production from petroleum-based substrates have been developed, but they all have an environmental
impact and do not meet sustainability criteria. Here we describe a simple and efficient method for acetoin
production from oil palm mesocarp fiber hydrolysate using engineered Escherichia coli. An optimization of
culture conditions for acetoin production was carried out using reagent-grade chemicals. The final concentration
reached 29.9 g L−1 with a theoretical yield of 79%. The optimal pretreatment conditions for preparing hydro-
lysate with higher sugar yields were then determined. When acetoin was produced using hydrolysate fortified
with yeast extract, the theoretical yield reached 97% with an acetoin concentration of 15.5 g L−1. The acetoin
productivity was 10-fold higher than that obtained using reagent-grade sugars. This approach makes use of a
compromise strategy for effective utilization of oil palm biomass towards industrial application.
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a b s t r a c t

Fatty acid methyl esters (FAME) production from waste cooking oil was successfully carried out using a
newly developed heterogeneous biomass-based catalyst. Activated carbon produced from oil palm
biomass was calcined with potassium phosphate tri-basics (K3PO4) in order to synthesize a high catalytic
heterogeneous catalyst. As it is characterized with substantial surface area of 680 m2/g and basicity
amount of 11.21 mmol/g, 98% of FAME yield was achieved under optimum reaction parameters of 5 wt%
catalyst loading, 12:1 methanol to oil molar ratio at 60 �C for 4 h. The catalyst was shown to be reusable,
with more than 76% FAME yield after 5 consecutive cycles.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Besides global warming, population growth and global indus-
trialization have caused increased energy demand and inevitable
depletion of fossil fuels [1]. Increasing concern on environmental
conservation and energy security issue have encouraged research
efforts for alternative fuels, such as biodiesel [2]. Biodiesel is a
renewable, green and clean-burning fuel that consists of long-chain
methyl esters, which are normally produced from agricultural oils
[3].

The lack of policies and inefficient waste management of waste
cooking oil (WCO) have led to its indiscriminate disposal [4]. Since

it was abundant and cheap, some unregulated industries have
made huge profits out of recycling this waste. Therefore, the
exploitation of waste cooking oil (WCO) in biodiesel production is a
potential alternative that is beneficial towards the environment [5].

Recently, heterogeneous catalyst has received attention for
biodiesel production. Apart from its advantages on reusability and
ease of separation, it could be prepared from cheap biomass [6]. It
has been reported that oil palm empty fruit bunch (OPEFB) can be
used as a catalyst for biodiesel production, after being functional-
ized with acids or bases [6,7]. In a previous report, biochar sup-
ported calcium oxide (CaO) was used in transesterification of
Mesua ferrea seed oil resulting > 90% of fatty acid methyl esters
(FAME) yield produced under the optimal conditions [8]. In other
study, activated carbon supported heteropoly acid catalyst was
used in transesterification of crude Jatropa oil in an ultrasound-
assisted reactor system. The catalyst with 20% catalyst loading
resulted in 87.3% of FAME yield in 40 min [7]. Recently, trans-
esterification of waste cooking oil was found to be efficiently
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A B S T R A C T

A thorough outlook on the effect of palm oil mill effluent (POME) final discharge towards bacterial community
dynamics in the receiving river is provided in this study by using a high-throughput MiSeq. The shift of bacterial
composition could be used to determine the potential bacterial indicators to indicate contamination caused by
POME. This study showed that the POME final discharge did not only alter the natural physicochemical prop-
erties of the river water but also caused the reduction of bacterial diversity in the receiving river. The
Chromatiaceae and Alcaligenaceae which were not detected in the upstream but were detected in the downstream
part of the river are proposed as the indicator bacteria to indicate the river water contamination caused by POME
final discharge. The emergence of either one or both bacteria in the downstream part of the river were shown to
be carried over by the effluent. Therefore, an accurate pollution monitoring approach using bacterial indicator is
expected to complement the conventional POME pollution assessment method which is currently dependent on
the physicochemical properties of the final discharge. This is the first study that reported on the potential
indicator bacteria for the assessment of river water contamination caused by POME final discharge.

1. Introduction

As the demands for palm oil outstripped the production rate, the
rapid increase of production caused the generation of the enormous
amount of effluents which led to improper waste treatment (Rupani
et al., 2010). Palm oil mill effluent (POME) is known as one of the high
strength wastewater generated from palm oil extraction process which
could create potential hazards to the environment (Bala et al., 2015).
Thus, the biological monitoring of the river water is crucial to ensure a
thorough understanding of the effect of POME final discharge to the
receiving river water.

The idea of using microorganisms to provide an indication of the
quality of a particular environment has been widely used and under-
stood in different ways (Ahmed et al., 2016; Guo et al., 2016). The used
of biological monitor is one of the promising approaches to determine
the impact of a pollution to the environment since they are

continuously exposed to the perturbations and variations in the natural
ecosystem; thus their response reflects the ecological consequences of
the environmental variability (Shade et al., 2012). The initial effort
needed to establish a potential bacterial indicator would be defining the
community present and identifying their functional contributions with
regards to particular nutrients present. We are hypothesising that the
changes of the receiving river quality may exceed the tolerance of the
certain taxa in the community which consequently cause the bacterial
community shift. The emergence of a community that will multiply
when the environmental condition is favorable can be further explored
to determine the potential bacterial indicators to indicate the con-
tamination caused by POME final discharge.

Hence, the present study is focused on the assessment of bacterial
community composition in the receiving river water due to POME final
discharge which are potential bacterial indicators by using high-
throughput sequencing, MiSeq, and advanced bioinformatics analysis.

http://dx.doi.org/10.1016/j.ecolind.2017.07.038
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a b s t r a c t

In this study, microcrystalline cellulose (MCC) was extracted from roselle fiber through acid hydrolysis
treatment and its properties were compared with those of commercially available MCC. The physico-
chemical and morphological characteristics, elemental composition, size distribution, crystallinity and
thermal properties of the obtained MCC were analyzed in this work. Fourier transform infrared spec-
troscopy (FTIR) analysis provided clear evidence that the characteristic peak of lignin was absent in the
spectrum of the MCC prepared from roselle fiber. Rough surface and slight aggregation of MCC were
observed by scanning electron microscopy (SEM). Energy dispersive X-ray (EDX) analysis showed that
pure MCC with small quantities of residues and impurities was obtained, with a similar elemental com-
position to that of commercial MCC. A mean diameter of approximately 44.28 �m was measured for MCC
by using a particle size analyzer (PSA). X-ray diffraction (XRD) showed the crystallinity increased from
63% in roselle pulp to 78% in roselle MCC, the latter having a slightly higher crystallinity than that of com-
mercial MCC (74%). TGA and DSC results indicated that the roselle MCC had better thermal stability than
the roselle pulp, whereas it had poorer thermal stability in comparison with commercial MCC. Thus, the
isolated MCC from roselle fibers will be going to use as reinforcing element in green composites and may
be a precursor for future roselle derived nanocellulose, and thus a promising subject in nanocomposite
research.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Cellulose is a sustainable, abundant and naturally occurring
biopolymer derived from biomass [1]. It is a classic example of
a renewable and biodegradable structural plant polymer, which
can be processed into elementary fibrils [2,3]. The high mechani-
cal strength and good thermal resistance properties of cellulose, as
well as its low cost, which is due to its availability and abundance
in nature, make it an excellent bio-filler for polymer matrixes [4]. It
can be extracted from natural fibers, such as roselle, cotton, wood,
sisal, flax, hemp, jute, ramie, oil palm, kenaf and coir [5].

Roselle is abundantly cultivated in tropical areas, such as
Malaysia, Borneo, Indonesia, India, Tanzania, Thailand, Sri Lanka,
Sudan, Tanzania, Togo and Guyana [5]. It can be grown to attain a
mature height of 2–2.5 m [6]. The fiber composition of the roselle

∗ Corresponding author at: Biocomposite Technology Laboratory, INTROP, Uni-
versiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia.

E-mail addresses: jawaid md@yahoo.co.in, jawaid@upm.edu.my (M. Jawaid).

plant comprises 58.63–64.50% cellulose, 16.27–20.82% hemicel-
lulose and 6.21–10.26% lignin [5]. The fruit of roselle is usually
employed for applications in food and biomedical industries, while
its underutilized stem could be used for the production of bio-based
composites. The isolation of roselle fiber can be conducted by ret-
ting the plant in water [7]. Roselle fiber belongs to the category of
bast fiber, as it has a characteristic lumen structure. Roselle fiber
is a potential bio-filler for composites reinforcement. In Malaysia,
the roselle plant is harvested annually for its fruit and the remain-
ing parts, such as the stem, are disposed of as agricultural waste
[5,8]. The application of green composites can contribute to the
environmental conservation efforts by decreasing waste disposal,
reducing dependence on nonrenewable resources and maintain-
ing the carbon dioxide balance in nature [9,10]. Chauhan and Kaith
[11] made an attempt to develop a phenol-formaldehyde com-
posite reinforced with grafted roselle fiber, while Krishnan and
Athijayamani [12] reported having obtained a vinyl ester resin com-
posite reinforced with roselle fiber and coconut shell particulates.
Roselle composites are eco-friendly natural polymers, which can
be degraded by nature [5].

http://dx.doi.org/10.1016/j.ijbiomac.2017.05.135
0141-8130/© 2017 Elsevier B.V. All rights reserved.
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The present work aims to elucidate substrate utilization from palm oil mill effluent (POME)

for biohydrogen production. The experiment was performed in 150 mL serum bottles and

the cultures were supplemented with autoclaved-pretreated POME or 0.05 M individual

technical grade substrates to investigate the potential use of POME and substrates in

preference towards biohydrogen production. The cultures were incubated at 37 �C for 24 h

with mild agitation. The maximum hydrogen yield (MHY) obtained was 0.66 mol H2/mol

total monomeric sugars and productivity of 3551 mmol/1010 cfu were obtained from engi-

neered Escherichia coli. The POME oligomeric sugars were not metabolized further, which

render insignificant conversion of carbohydrates into hydrogen from POME. The yield of

hydrogen production increased by 3.5 folds by engineered E. coli BW25113 compared to wild

type E. coli BW25113. The preference of the substrates for biohydrogen production is in the

following order; glucose > fructose > formic acid.

© 2016 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

Hydrogen is a very attractive energy resource and has po-

tential to become an alternative energy to fossil fuels. It

contains high energy content (2.75 times greater 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 [1].

The biological hydrogen production is the most cost-

effective, environmental friendly and convenient produc-

tion approach compared to other methods. The utilization of

carbohydrate-rich substrate by dark-fermentation is

considered as the best approach to produce hydrogen cost-
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a b s t r a c t

In order to clarify effects of (R)-3-hydroxyhexanoate (HHx) unit on the hydrothermal degradation of
poly((R)-3-hydroxybutyrate-co-(R)-3-hydroxyhexanoate) (PHBHHx), two PHBHHxs: P(HB-co-6%-HHx)
and P(HB-co-11%-HHx), and poly((R)-3-hydroxybutyrate) (PHB) as a reference were treated by super-
heated steam at 130e190 �C. Interestingly, despite having contents of the HHx unit nearby, contrastive
degradation property: the contradictory scission behavior of HB-HHx sequence was confirmed. From
analysis of chain-end structures, it was confirmed that HHx unit basically suppressed the hydrolysis of
HB-HHx sequence and the formation of crotonoyl chain-end groups rapidly increased at higher tem-
peratures, suggesting the shift to thermal degradation from hydrolysis as a main reaction. On thermal
degradation, the contrary upper and lower Ea values: 138 ± 1.9 and 121 ± 1.8 kJ mol�1 for P(HB-co-6%-
HHx) and P(HB-co-11%-HHx), respectively, compared to Ea value: 126 ± 5.3 kJ mol�1 of PHB were ob-
tained. The HHx unit basically acts as suppressing factor of the thermal degradation from Td50 and Td50-
Tm values; however, the increase in flexibility of polymer sequence must promote the thermal chain
cleavage. Thus, the complex hydrothermal degradation behaviors were considered to be combined re-
sults of the suppression effects by hydrophobicity and steric hindrance of propyl group in HHx unit and
the promotive effects of lower crystallinity and easier steam diffusion into more flexible amorphous
region of PHBHHx.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Polyhydroxyalkanoates (PHAs) are microbial polyesters pro-
duced by many types of bacteria as intracellular reserve energy
stores when there is both a limited amount of nutrients in the
substrate and an excess of carbon source [1]. There are over 150
monomer units that form the PHA family reported on; the first
member and the most commonly used is poly((R)-3-

hydroxybutyrate) (PHB) [2,3]. Poly((R)-3-hydroxybutyrate-co-(R)-
3-hydroxyhexanoate) (P(HB-co-HHx), PHBHHx) is a type of copol-
ymer of the PHA family that consists of randomly distributed (R)-3-
hyroxybutyrate (HB) and (R)-3-hydroxyhexanoate (HHx) units [4].
PHBHHx has better mechanical properties and is more easily pro-
cessed than PHB and poly((R)-3-hydroxyvalerate) [5].

PHBHHx copolymer is currently produced on a large scale and,
in clinical studies, has been shown to be biocompatible with mouse
fibroblasts cells and rabbit articular cartilage-derived chondrocytes
[6]. Moreover, it was reported that the degradation products:
monomers and oligomers of PHBHHx, produced no toxic effect or
immuno-stimulation when used as implant biomaterials [7]. These
desirable properties of the oligoesters of PHBHHx give the potential
to be widely used in the biomedical field with reports that PHA
oligoesters demonstrate a significant number of therapeutic as well
as nutritional applications [7]. Thus, it is important to clarify the
degradation properties of PHBHHx to oligoesters.
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a b s t r a c t

The potential of biomass energy in Sabah, Malaysia was analyzed by data which was established from
literature, statistic data and available documents for estimating the potential of biomass energy derived
from oil palm, coconut shell, rice, livestock and forest. Nowadays, the issue of solid biomass residues
including effluent from the palm oil milling process has become a big concern for the industry and the
public in Sabah, because oil palm residues provide a huge potential of biomass energy in Sabah. This
paper showed that biomass energy potential in Sabah was around 267,179,818 GJ/year in total, which was
derived from oil palm EFB, shell, OPF (oil palm frond), OPT (oil palm trunk), coconut shell, rice, livestock
and forest. Potential of biomass energy from oil palm, coconut shell, rice, livestock and forest was
263,635,079 GJ/year, 95,713 GJ/year, 710,028 GJ/year, 750,696 GJ/year and 1,988,301 GJ/year, respectively.
Most biomass energy came from oil palm, which was around 98.7% of total potential. If this total energy
potential is applied at a power plant with efficiency ratio of 25% and 8000 h per year of operation, this
has potential of 2,288 MW, which is equivalent to around 3.8 times of total supply of electricity in 2010 in
Sabah. This paper also suggests that relevant policy and innovative technology be developed based on
the result to effectively utilize biomass.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

In the twentieth century, large amounts of natural resources
including food and energy were used to maintain a lifestyle of mass
production, mass consumption and mass disposal. Considering
limitation of such resources on the earth in the years to come, this
type of lifestyle has to be changed and there has been strong desire
and pressing need to build a sustainable society, where limited
resources can be used in a sustainable manner. One factor neces-
sary for developing a sustainable society is decreasing, or at least
not increasing, the total amount of energy used. Another factor is to
reduce the dependence on petroleum as a source of energy [1]. It

has been also said that current agricultural practices which had
been dependent on a large amount of petroleum might be defined
as “converting oil into food” [2]. In this light, our challenge is to
reduce dependence on petroleum as a source of energy. In other
words, our society requires food and energy independence so that
the area either at national, regional or local level can become in-
dependent both materially and in terms of energy usage [3].

The National Renewable Energy Policy and Action Plan in
Malaysia stated that renewable energy in Malaysia had an insig-
nificant impact on power generation. Ensuring the nation's suffi-
cient and affordable supply of energy is paramount to ensure its
stability in pursuit of economic development. Until now, renewable
energy facilities cannot compete with conventional energy in terms
of scale on unit sizes, and renewable energy is expensive compared
to conventional energy sources. Coal will be more economic, and
there are large coal reserves globally. But as coal affects
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component analysis (PCoA) indicated that bacterial diver-
sity and distributions were most influenced by the phys-
icochemical properties of the co-composting stages, which 
showed remarkable shifts of dominant species throughout 
the process. Species related to Devosia yakushimensis and 
Desemzia incerta are shown to emerge as dominant bacte-
ria in the thermophilic stage, while Planococcus rifietoen-
sis correlated best with the later stage of co-composting. 
This study proved the bacterial community shifts in the 
co-composting stages corresponded with the changes of the 
physicochemical properties, and may, therefore, be useful 
in monitoring the progress of co-composting and compost 
maturity.

Keywords Co-composting · Bacterial community 
structure · Oil palm empty fruit bunch · Palm oil mill 
effluent anaerobic sludge · Pyrosequencing

Introduction

One of the biggest challenges in the palm oil industry is the 
disposal of its major waste products such as oil palm empty 
fruit bunch (OPEFB) and palm oil mill effluent (POME). 
Annually, an estimated 9.9 million tons of OPEFB and 
60 million tons of POME are generated from the palm oil 
industry in Malaysia [24]. The current practice of burning 
the OPEFB for power generation has been discouraged due 
to the production of smoke, carbon dioxide, nitrous oxide 
and nitrogen dioxide which caused air and environmental 
pollution problems [30]. Another main concern is the gen-
eration of the highly polluting POME during crude palm oil 
processing. In addition to the ponding system, the closed 
anaerobic digester tank has been introduced as an effective 
method for the treatment of POME with shorter retention 

Abstract A recently developed rapid co-composting of 
oil palm empty fruit bunch (OPEFB) and palm oil mill 
effluent (POME) anaerobic sludge is beginning to attract 
attention from the palm oil industry in managing the dis-
posal of these wastes. However, a deeper understanding of 
microbial diversity is required for the sustainable practice 
of the co-compositing process. In this study, an in-depth 
assessment of bacterial community succession at different 
stages of the pilot scale co-composting of OPEFB-POME 
anaerobic sludge was performed using 454-pyrosequenc-
ing, which was then correlated with the changes of phys-
icochemical properties including temperature, oxygen level 
and moisture content. Approximately 58,122 of 16S rRNA 
gene amplicons with more than 500 operational taxonomy 
units (OTUs) were obtained. Alpha diversity and principal 
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Previously, a unique co-compost produced by composting empty fruit bunch with anaerobic sludge from palm oil mill
effluent, which contributed to establishing a zero-emission industry in Malaysia. Little was known about the bacterial
functions during the composting process and fertilization capacity of this co-compost. We isolated 100 strains from the
co-compost on 7 types of enumeration media and screened 25 strains using in vitro tests for 12 traits, grouping them
according to three functions: plant growth promoting (fixation of nitrogen; solubilization of phosphorus, potassium,
and silicate; production of 3-indoleacetic acid, ammonia, and siderophore), biocontrolling (production of chitinase and
anti-Ganoderma activity), and composting (degradation of lignin, xylan, and cellulose). Using 16S rRNA gene sequence
analysis, 25 strains with strong or multi-functional traits were found belong to the genera Bacillus, Paenibacillus, Cit-
robacter, Enterobacter, and Kosakonia. Furthermore, several strains of Citrobacter sedlakii exhibited a plant growth-
stimulation in vivo komatsuna plant cultivation test. In addition, we isolated several multifunctional strains; Bacillus
tequilensis CE4 (biocontrolling and composting), Enterobacter cloacae subsp. dissolvens B3 (plant growth promoting and
biocontrolling), and C. sedlakii CESi7 (plant growth promoting and composting). Some bacteria in the co-compost play
significant roles during the composting process and plant cultivation after fertilization, and some multifunctional
strains have potential for use in accelerating the biodegradation of lignocellulosic biomass, protecting against Gano-
derma boninense infection, and increasing the yield of palm oil.

� 2017, The Society for Biotechnology, Japan. All rights reserved.

[Key words: Co-compost; Citrobacter sedlakii; Enterobacter cloacae subsp. dissolvens; Bacillus tequilensis; Plant growth promoting]

Oil palm (Elaeis guineensis Jacq) is one of the most prolific
oileproducing crops worldwide. Its oilesaturated fruits can be
used to produce two valuable vegetable oils (palm oil and palm
kernel oil) and numerous industrial value-added sub-products.
The increase in area of monoculture plantations for producing
fresh fruit bunches (FFB), however, has also increased the amount
of industrial processing waste and risk of outbreak of endemic
disease, the severe basal stem rot disease caused by fungi of
Ganoderma boninense (1). In the field, the two main waste bio-
masses are oil palm frond (OPF) generated from daily pruning and
FFB harvesting activities and oil palm trunk (OPT) generated
during replanting cycles. These are left on the ground to dry
naturally, and their decaying time depends on the environmental
conditions. On the other hand, palm oil mills generate both solid

and liquid wastes during oil extraction activities. Twomajor waste
types are the lignocellulosic-rich empty fruit bunch (EFB) and
palm oil mill effluent (POME), which has high biochemical (BOD)
and chemical (COD) oxygen demand values (2), potentially
contributing to several environmental issues such as river pollu-
tion and greenhouse gases emission (3).

Co-composting POME with EFB is one technique for treating
these waste products. This technique has advantages over the
single EFB composting method as a shorter composting period,
higher mineral content, and lower C/N ratio in the produced co-
compost. Recently, a new co-composting process was developed
in a zero-discharge pilot-plant (4). The POME is first subjected to
methane fermentation for biogas production, and then, a mixture
of the thickened POME anaerobic sludge and shredded EFB is
treated to yield co-compost. This system can potentially eliminate
the need for an open ponding system for POME treatment while
simultaneously reducing greenhouse gas emissions and its water-
polluting potency. The advantages of this new system over the
conventional co-composting method have been discussed (5) and
include the production of valueeadded biogases, a co-compost
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ABSTRACT: Combination of mortar grinder mill (MG) and ionic liquid (IL) treatment was employed in order to fibrillate fibers from

oil palm mesocarp fiber (OPMF) in one-step. The structural changes of OPMF before and after the treatment were examined by

Thermogravimetric analysis (TGA), Fourier transformed infrared (FT-IR) spectra, Wide-angle X-ray diffraction (WAXD), Dynamic

light scattering (DLS) and Scanning electron microscopy (SEM). Compared with the only use of 1-butyl-3-methylimidazolium tetra-

fluoroborate (BMIM[BF4]), combination of MG and IL helped to remove hemicellulose and lignin components partially from OPMF,

and also fibrillated OPMF fibers at average particle diameter of 127 nm. Afterwards, the fibrillated fibers were utilized as reinforce-

ment material for the purpose of enhancement of mechanical properties of poly(E-caprolactone)(PCL). The addition of OPMF

treated with the combined method led to a 64% increase in tensile strength in comparison with that of untreated OPMF. These

results indicate that the combined method enables effective fibrillation. VC 2016 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2017, 134, 44469.

KEYWORDS: cellulose and wood products; composites; ionic liquids; polyesters
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INTRODUCTION

For the last two decades, the advancement of ionic liquid tech-

nologies has provided innovations in a very wide range of appli-

cations due to the reason of presenting attractive scientific

opportunities. Especially, room temperature ionic liquids (ILs)

have gained popularity as ideal replacements for traditional

harmful solvents utilized in organic synthesis and pretreatment

of lignocellulosic biomass. The key role of ionic liquids is being

“green solvent” owing to their non-flammable and low impact

on the environment and human health. In addition, they have

recyclability, specific poor-coordinated ionic nature, high ther-

mal stability, and polarity.1–8

The increase of environmental consciousness promotes the use

of biomass to design sustainable system from consumed system

based on fossil fuel.9 However, use of agricultural crops is not a

smart solution because they are used for food crops and their

costs are so high as well. That is why agricultural wastes such as

rice straws and corn husks come into prominence owing to be

acquired at a very low cost. In the global market, palm oil is

the most widely consumed vegetable oil in the entire world.

Therefore, palm oil industries generate huge amounts of bio-

mass wastes during the production process. Oil palm mesocarp

fiber (OPMF), which is one of the most wastes in the extraction

process of palm oil from palm fruit, is a promising valuable

material for industrial use.

The reinforcer made from biomass is a good resource as organic

filler for fiber reinforced polymer composites due to their

advantages such as low density and biodegradability when
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Background: An effective single culture with high glycerol consumption and hydrogen and ethanol coproduction
yield is still in demand. A locally isolated glycerol-consuming Escherichia coli SS1 was found to produce lower
hydrogen levels under optimized ethanol production conditions. Molecular approach was proposed to
improve the hydrogen yield of E. coli SS1 while maintaining the ethanol yield, particularly in acidic conditions.
Therefore, the effect of an additional copy of the native hydrogenase gene hycE and recombinant clostridial
hydrogenase gene hydA on hydrogen production by E. coli SS1 at low pH was investigated.
Results: Recombinant E. coli with an additional copy of hycE or clostridial hydA was used for fermentation using
10 g/L (108.7 mmol/L) of glycerol with an initial pH of 5.8. The recombinant E. coli with hycE and recombinant
E. coli with hydA showed 41% and 20% higher hydrogen yield than wild-type SS1 (0.46 ± 0.01 mol/mol
glycerol), respectively. The ethanol yield of recombinant E. coli with hycE (0.50 ± 0.02 mol/mol glycerol) was
approximately 30% lower than that of wild-type SS1, whereas the ethanol yield of recombinant E. coli with
hydA (0.68 ± 0.09 mol/mol glycerol) was comparable to that of wild-type SS1.
Conclusions: Insertion of either hycE or hydA can improve the hydrogen yield with an initial pH of 5.8. The
recombinant E. coli with hydA could retain ethanol yield despite high hydrogen production, suggesting that
clostridial hydA has an advantage over the hycE gene in hydrogen and ethanol coproduction under acidic
conditions. This study could serve as a useful guidance for the future development of an effective strain
coproducing hydrogen and ethanol.
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1. Introduction

Utilization of glycerol waste to produce hydrogen and ethanol by
microbial fermentation has been extensively studied in recent years [1,
2,3]. Coproduction of hydrogen and ethanol is considered a beneficial
strategy from both economic and environmental perspectives compared
to fermentation focusing on either hydrogen or ethanol production
alone. Glycerol serves as a promising carbon source to coproduce
hydrogen and ethanol because it produces less byproducts than other
common sugars [4]. From the equation C3H8O3 → C2H5OH + H2 + CO2,
1 mol of hydrogen and 1 mol of ethanol could be yielded from 1 mol of
glycerol.

Microorganisms play a key role in the fermentation system.
Clostridium sp. are well-known as hydrogen producers and are

primarily used in research regarding hydrogen fermentation
because of their high productivity [5]. However, the presence of
oxygen could limit hydrogen production by these strict anaerobes.
Hydrogen production is possible using facultative anaerobes such
as Escherichia coli. Moreover, E. coli had been reported to produce
hydrogen simultaneously with ethanol [6]. Shams Yazdani and
Gonzalez [6] is possibly the first to demonstrate the feasibility of
hydrogen and ethanol coproduction by E. coli. In their study,
engineered E. coli SY03 was constructed by inactivating fumarate
reductase and phosphate acetyltransferase and achieved a product
yield value approaching the theoretical yield value during glycerol
fermentation. However, a limitation was that cell growth and
glycerol utilization of E. coli SY03 were inefficient. E. coli SY03 took
120 h to consume approximately 8 g/L (86.96 mmol/L) of glycerol,
and fermentation rate was low. The use of microaerobic conditions,
adaptive evolution, and chemical mutagenesis can increase the cell
growth of E. coli [6,7]. However, an effective single culture with
high glycerol consumption and product yield is in demand. In our
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Background: The development of a potential single culture that can co-produce hydrogen and ethanol is
beneficial for industrial application. Strain improvement via molecular approach was proposed on hydrogen
and ethanol co-producing bacterium, Escherichia coli SS1. Thus, the effect of additional copy of native
hydrogenase gene hybC on hydrogen and ethanol co-production by E. coli SS1 was investigated.
Results: Both E. coli SS1 and the recombinant hybC were subjected to fermentation using 10 g/L of glycerol at
initial pH 7.5. Recombinant hybC had about 2-fold higher cell growth, 5.2-fold higher glycerol consumption
rate and 3-fold higher ethanol productivity in comparison to wild-type SS1. Nevertheless, wild-type SS1
reported hydrogen yield of 0.57 mol/mol glycerol and ethanol yield of 0.88 mol/mol glycerol, which were 4-
and 1.4-fold higher in comparison to recombinant hybC. Glucose fermentation was also conducted for
comparison study. The performance of wild-type SS1 and recombinant hybC showed relatively similar results
during glucose fermentation. Additional copy of hybC gene could manipulate the glycerol metabolic pathway
of E. coli SS1 under slightly alkaline condition.
Conclusions: HybC could improve glycerol consumption rate and ethanol productivity of E. coli despite lower
hydrogen and ethanol yields. Higher glycerol consumption rate of recombinant hybC could be an advantage for
bioconversion of glycerol into biofuels. This study could serve as a useful guidance for dissecting the role of
hydrogenase in glycerol metabolism and future development of effective strain for biofuels production.
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1. Introduction

Microbial fermentation using low cost sustainable waste as
substrates for renewable biofuels production has been extensively
studied due to its contribution for environmental advantages and
commercial benefits. Biodiesel production generates abundant waste
glycerol, which serves as one of the popular carbon sources used in
microbial fermentation. Microorganisms are able to degrade glycerol
into metabolite products such as 1,3-propanediol, ethanol, acetic acids,
lactic acids, succinic acids, hydrogen and carbon dioxide under
fermentation conditions [1]. Among these fermentation products,
hydrogen and ethanol have enormous value and great potential as
alternative fuels for future. Hydrogen is well-known as an efficient
energy that can be used for many applications including alternates
for fossil fuels, electricity and thermal energy generation. On the
other hand, ethanol is widely used as major substitute to gasoline as

alternative fuel. Therefore, simultaneous production of both hydrogen
and ethanol using waste glycerol has received increasing attention in
biofuel industry.

Microorganisms play a key role in fermentation system to yield
desired products. Escherichia coli was identified as one of the
microorganisms that able to ferment glycerol into hydrogen and
ethanol [2]. E. coli, which belongs to facultative anaerobes that are
tolerant to oxygen, has an advantageous over strict anaerobes such
as Clostridium sp. Besides that, its well-studied characterization and
ease of molecular engineering compared to other species such as
Klebsiella and Enterobacter further elucidate the reason for developing
researches in simultaneous production of hydrogen and ethanol
using E. coli [3]. Theoretically, 1 mol of glycerol could produce 1 mol
of hydrogen and 1 mol of ethanol, respectively [4]. Yazdani and
Gonzalez [5] performed genetic modification on E. coli to co-produce
hydrogen and ethanol approaching theoretical yield during glycerol
fermentation. Nevertheless, in their study, the engineered E. coli SY03
was inefficient in cell growth and glycerol utilization. Fermentation
using E. coli to co-produce hydrogen and ethanol is still at its infancy
stage to accomplish the feasibility in industrial applications. Thus,
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Abstract Two types of graphene, namely few-layer flake and multilayer sheet,

were produced by chemical vapor deposition on nickel catalyst at high temperature

(1050 �C) using different reaction times and cooling rates and their properties

characterized and compared. The number of layers, morphology, structure,

graphitization, composition, and surface area were studied using scanning electron

microscopy, transmission electron microscopy, electron-dispersive X-ray analysis,

Raman spectroscopy, and Brunauer–Emmett–Teller (BET) surface area measure-

ments, respectively. Further properties of these nanomaterials, including their

thermal stability, electrochemical properties, and cytotoxicity, were also compre-

hensively investigated.

Keywords Graphene flake � Graphene sheet � Chemical vapor deposition � Thermal

and electrical properties � Cytotoxicity effects
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Abstract Compost with nutrient-rich organic matter can

be produced from renewable biomass materials such as

municipal sewage sludge, landscaping waste and others. In

this study, co-composting of municipal sewage sludge and

landscaping waste as a soil amendment using 10 m3 pilot

scale bioreactor system was tested. The temperature, oxy-

gen level, moisture content and pH were monitored

throughout the composting process. Proximate and ultimate

analyses of the compost were determined for nutrient

availability. The matured compost produced has nitrogen,

phosphorus and potassium content of 3.01, 0.27 and

0.68 %, respectively, which made it suitable for the growth

of ornamental plants. The Solvita� compost maturity kit

gave an index result of 7, which indicated that the product

was matured. Pathogenicity test of the compost confirmed

that coliforms and Escherichia coli were eliminated within

15 days of composting at the thermophilic stage, making

the compost safe to be used in the natural environment.

Keywords Bioreactor composting � Compost �
Biofertiliser � Municipal sewage sludge � Landscaping
waste

Introduction

Compost is a product that is produced from the degradation

of organic materials under controlled conditions by bio-

logical treatment [1, 2]. Compost can be produced from

various types of biomass, including municipal solid waste,

agricultural waste and others with the addition of bulking

agents or amendments. Composting process has many

advantages including sanitation of the product produced,

mass and bulk reduction of the biomass, and the decrease

of carbon to nitrogen ratio at the end of the process [1, 3].

Adequately stabilised and matured compost is beneficial

for agricultural applications and the growth of ornamental

plants.

Municipal sewage sludge is still a significant environ-

mental problem in the world with regards to human health

and environmental pollution. In Malaysia alone, it is esti-

mated that 3.2 million cubic metres of domestic sludge are

produced annually [4]. Municipal sewage sludge is a waste

from the wastewater treatment that is rich in macro and

micronutrients comprising of organic and inorganic mate-

rials as well as trace elements that are essential for plant

growth [5]. The common practice in some of European

countries to eliminate municipal sewage sludge by burning
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Factors Affecting Spinnability of Oil Palm Mesocarp 
Fiber Cellulose Solution for the Production of Microfiber 
 
Tengku Arisyah Tengku Yasim-Anuar,a Hidayah Ariffin,a,b * Mohd Nor Faiz Norrrahim,b 
and Mohd. Ali Hassan b 
 

Cellulose microfiber (MF) formation by electrospinning is affected by 
several factors. In this paper, fabrication of MF from oil palm mesocarp 
fiber (OPMF), a biomass residue abundantly available at the palm oil 
mill, was conducted by electrospinning. The effect of OPMF-cellulose 
solution properties on the spinnability of the solution was determined. 
Extracted cellulose from OPMF was dissolved in four different 
formulations of ionic liquids: (i) ([EMIM]Cl), (ii) ([EMIM][Cl):DMF, (iii) 
([EMIM]Cl):([C10MIM][Cl]), and (iv) ([EMIM]Cl):([C10MIM][Cl]):DMF at 
cellulose concentrations of 1% to 9% (w/v). Scanning electron 
microscopy (SEM) analysis showed that MF formed had diameter sizes 
ranging from 200 to 500 nm. MF was formed only at 6% (w/v) cellulose 
concentration, when DMF was mixed in the solution. The results showed 
that cellulose concentration and viscosity played major roles in the 
spinnability of cellulose solution, in which too high viscosity of the 
cellulose solution caused failure of the electrospinning process and 
eventually affected the formation of MF. The characteristics of MF 
obtained herein suggest the potential of OPMF cellulose as a starting 
material for the production of MF. 
     

Keywords: Oil palm mesocarp fibers; Microfibrillated cellulose; Spinnability; Electrospinning; Ionic 
liquids 
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INTRODUCTION 
 
 Electrospinning has gained much interest from researchers due to the growing 
demand for micro- and nano-sized fibers in various industries, such as in the production 
of composites (Zhu et al. 2011), energy devices (Shi et al. 2015), and tissue scaffolds for 
biomedical purposes (Yoshimoto et al. 2003). This method produces high surface area 
(Zhu et al. 2011), permeability (Cengiz et al. 2009), thermal resistance (Bordes et al. 
2009), and crystallinity, as well as finer and continuous fiber materials with sizes ranging 
from microns to several nanometers (Khajavi and Abbasipour 2012). Due to its 
capability, electrospinning has been widely used for the production of cellulose 
microfiber (MF); however, most of the previous studies focused on using commercialized 
cellulose as a starting material (Quan et al. 2010; Freire et al. 2011; Chen et al. 2015). 
Because of the difficulty in finding the most appropriate conditions suitable for natural 
cellulose to be electrospun, it is a less attractive option, so researchers tend to use 
commercialized cellulose for electrospinning. Appropriate conditions are required to 
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Fiber Improved the Properties of Fiber-Polypropylene 
Biocomposite 
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The effect of fiber surface modification by superheated steam (SHS) 
treatment and fiber content (30 to 50 wt.%) was evaluated relative to the 
mechanical, morphology, thermal, and water absorption properties of oil 
palm mesocarp fiber (OPMF)/polypropylene (PP) biocomposites. SHS 
treatment of OPMF was conducted between 190 and 230 C for 1 h, then 
the SHS-treated fiber was subjected to melt-blending with PP for 
biocomposite production. The biocomposite prepared from SHS-OPMF 
treated at 210 C with 30 wt.% fiber loading resulted in SHS-OPMF/PP 
biocomposites with a tensile strength of 20.5 MPa, 25% higher than 
untreated-OPMF/PP biocomposites. A significant reduction of water 
absorption by 31% and an improved thermal stability by 8% at T5%degradation 
were also recorded. Scanning electron microscopy images of fractured 
SHS-OPMF/PP biocomposites exhibited less fiber pull-out, indicating that 
SHS treatment improved interfacial adhesion between fiber and PP. The 
results demonstrated SHS treatment is an effective surface modification 
method for biocomposite production. 
 

Keywords: Superheated steam treatment; Surface modification; Fiber-matrix bond; Biocomposite; 
Mechanical properties 
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INTRODUCTION 
 
 In recent years, hybrid materials that combine petroleum-based polymers with 
biodegradable (Mohan and Kanny 2012), low cost (Then et al. 2013), and renewable 
natural fibers (Gomes et al. 2007) have been developed. In Malaysia, the palm oil industry 
is the biggest contributor to agricultural waste. Empty fruit bunch (EFB) and oil palm 
mesocarp fiber (OPMF) are two important fibrous materials generated as biomass at palm 
oil mills, where both biomasses are generated after the oil extraction. OPMF is used as 
biomass fuel and is inefficiently burnt for energy generation by steam boiling (Ali et al. 
2015; Zakaria et al. 2015). Oil palm mesocarp fiber, found in nature, has similar 
characteristics to EFB in terms of chemical composition; OPMF has potential for other 
uses, such as biosugar production (Mahmud et al. 2013; Zakaria et al. 2015) and as a 
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Optimization of metallo-keratinase production by Pseudomonas sp.

LM19 as a potential enzyme for feather waste conversion

NURLIYANA MOHAMAD, LAI-YEE PHANG & SURAINI ABD-AZIZ

Department of Bioprocess Technology, Faculty of Biotechnology and Biomolecular Sciences, Universiti Putra
Malaysia, UPM Serdang, Selangor, Malaysia

Abstract

Locally isolated bacterium Pseudomonas sp. LM19, a metallo-keratinase producer was used to hydrolyze the highly rigid

keratin recalcitrant in this study. The production of crude keratinase by Pseudomonas sp. LM19 is influenced by both physical

and nutritional parameters. The highest keratinase activity of 127U/ml (2.15-fold) was observed in feather meal medium

supplemented with fructose and peptone at a C/N ratio of 40. The optimum pH and temperature for keratinase production

were found to be pH 8 and 30 �C, using 1% (w/v) feather as substrate. The degradation rate of the feathers was increased

2.4-fold at optimized physical and nutritional conditions. Feather degradation by Pseudomonas sp. LM19 led to the

production of free amino acids such as arginine, glycine, leucine, and serine. The information on the production of

keratinase by Pseudomonas sp. LM19 obtained from this study warrants further research for possible commercial application.

Keywords: Pseudomonas; keratinase; chicken feathers; submerged cultivation; amino acids; enzymatic hydrolysis

Introduction

The world’s appetite for chicken is growing faster

than that for any other type of meat, and the chicken

industry consumption outstrips other meat con-

sumption. Chicken is the cheapest and most access-

ible protein source, and its per capita consumption is

therefore very high. Broiler production in Malaysia is

expected to grow at a rate of 2% in 2014, with the

production at 1.4 million tons (Wahab 2014). Due to

the rapid development of chicken farming in

Malaysia, the production of chicken waste has also

increased drastically. Feathers are the largest

by-product generated by the chicken industry and

account for approximately 7% of a chicken’s live

weight (Kiepper 2009). Commonly, feather waste is

disposed of in dumps, landfills, or incinerators,

which are expensive and environmentally unsound.

To date, many studies have assessed the possibil-

ity of converting feather waste into useful end

products through biological and chemical methods.

This is due to the high protein content of feathers.

Chicken feathers comprise approximately 91%

protein, 1% lipid, and 8% water. The amino acid

sequence of chicken feather is largely composed of

cystine, glycine, proline, and serine, and contains

almost no histidine, lysine, or methionine (Schmidt

1998). However, keratin, the primary constituent of

chicken feathers is mechanically robust and chem-

ically unreactive due to the tight packing of protein

chains in the form of a-helices or b-sheets into a

supercoiled polypeptide chain cross-linked with sul-

fide bonds (Karthikeyan et al. 2007). Chemical and

mechanical methods are able to degrade keratin, but

such methods may result in the destruction of amino

acids (Karthikeyan et al. 2007). Keratinolytic micro-

organisms are microorganisms that can produce a

group of proteolytic enzymes called keratinases (EC

3.4.99.11). Employing keratinolytic bacteria and

fungi in processing feather waste is an environmental

friendly process as no chemicals are involved. Amino

acids can be recovered from biodegradation of

feather waste in which these amino acids can be

used in the subsequent production of useful end

products such as animal feed, fertilizer, and thermo-

plastic and composite building materials (Barone
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ABSTRACT
Simultaneous production of hydrogen and ethanol from waste materials has potential

for the development of  a more cost-effective biofuels generation process. This study aimed
to conduct glycerol fermentation using Escherichia coli SS1 to establish its hydrogen and ethanol
co-production profile. Anaerobic fermentation was performed at 37°C with different
concentrations of glycerol as a substrate. E. coli SS1 had exponential growth within 24 h
(OD600 of 1.6), and hydrogen and ethanol were produced in abundance within 48 h of
fermentation. Fermentation using 10 g/l of  glycerol achieved the highest yield, 0.57 mol of
hydrogen and 0.88 mol of ethanol per mol of glycerol. The highest hydrogen productivity
(1.85 mmol/l/h) and ethanol productivity (3.13 mmol/l/h) were obtained at 45 g/l of glycerol.
This report provides the complete data set for hydrogen and ethanol co-production yield and
productivity by the wild-type E. coli SS1 and serves as a useful reference for other researchers
working on the co-production of hydrogen and ethanol.

Keywords: hydrogen, ethanol, co-production, Escherichia coli, glycerol

1. INTRODUCTION
Co-production of hydrogen and ethanol

is practical in one fermentation system and
has been demonstrated from a variety of
waste materials by the researchers [1]. Several
bacteria had been reported to be able to
produce both biofuels, including Clostridium
sp. [1], Thermoanaerobacterium sp. [1], Enterobacter
aerogenes [2, 3], and E. coli [4]. However, some
of the limitations including pathogenicity and
the need for strict anaerobic conditions and

nutrient-rich supplementation, have restricted
the development of co-production systems
using these microbes. Relatively low
production and yield efficiency is another
potential barrier to the development of
a cost-effective hydrogen and ethanol
co-production system. In addition, the
bioconversion efficiency in regards to substrate
conversion into hydrogen and ethanol is a
major concern especially in the upscaling

Akita et al. BMC Res Notes  (2017) 10:249 
DOI 10.1186/s13104-017-2565-1

RESEARCH NOTE

Identification and characterization 
of Burkholderia multivorans CCA53
Hironaga Akita1*, Zen‑ichiro Kimura2, Mohd Zulkhairi Mohd Yusoff1,3, Nobutaka Nakashima4,5 
and Tamotsu Hoshino1,4

Abstract 

Objective: A lignin‑degrading bacterium, Burkholderia sp. CCA53, was previously isolated from leaf soil. The purpose 
of this study was to determine phenotypic and biochemical features of Burkholderia sp. CCA53.

Results: Multilocus sequence typing (MLST) analysis based on fragments of the atpD, gltD, gyrB, lepA, recA and trpB 
gene sequences was performed to identify Burkholderia sp. CCA53. The MLST analysis revealed that Burkholderia sp. 
CCA53 was tightly clustered with B. multivorans ATCC BAA‑247T. The quinone and cellular fatty acid profiles, carbon 
source utilization, growth temperature and pH were consistent with the characteristics of B. multivorans species. Burk-
holderia sp. CCA53 was therefore identified as B. multivorans CCA53.

Keywords: Burkholderia multivorans, MLST analysis, Lignin‑degrading bacterium, Second‑generation biofuel

© The Author(s) 2017. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Introduction
The genus Burkholderia was firstly proposed by Yabuuchi 
et  al. [1], and was classified as Gram-negative and non-
spore forming β-proteobacteria. To date, more than 80 
Burkholderia species have been reported, and two major 
clusters and several subgroups have been proposed based 
on phylogenetic analyses of the 16S rRNA, acd, gyrB, 
recA and rpoB gene sequences, as well as their genome 
sequences [2]. Group A contains plant-associated and 
saprophytic species [2]. For example, nitrogen fixation 
in legumes is facilitated by B. mimosarum, B. nodosa, B. 
sabiae, B. tuberum and B. phymatum [3]. Also, growth 
rates of a few plants are promoted by B. phytofirmans 
and B. unamae [3]. On the other hand, group B contains 
opportunistic pathogens that infect animals, humans and 
plants [2]. B. cenocepacia, B. latens and B. multivorans 
infect to cystic fibrosis patients, which leads to pneu-
monic illness [4, 5]. B. cenocepacia, B. multivorans and B. 
vietnamiensis show infectivity to alfalfa and lettuce [6].

Several Burkholderia species are now being utilized in 
industrial applications as biocatalysts [7, 8], for biodegra-
dation [9] and as plant growth-promoting rhizobacteria 
[3]. For example, B. fungorum DBT1 is capable of assimi-
lating polycyclic aromatic hydrocarbons, which is useful 
for bioremediation of contaminated soils [10]. B. cepa-
cia GS3C exhibits highly efficient degradation during 
bioremediation of oil-contaminated soil [11, 12], and B. 
cepacia PCL3 is useful for treating carbofuran-contami-
nated water [13]. In addition, several antibiotics, includ-
ing cepaciamide A [14], glidobactin A [15], pyrrolnitrin 
[16] and xylocandins [17] are produced by Burkholderia 
species. Several Burkholderia species showed lignin deg-
radation capabilities [18], which are favorable to produce 
second-generation biofuels from lignocellulosic biomass. 
Thus, Burkholderia species are versatile bacteria with 
potential applicability in the biochemical and pharma-
ceutical industries. We previously isolated Burkholderia 
sp. CCA53 from leaf soil [19] and determined the draft 
genome sequence of the strain [20]. In this study, we 
report the phenotypic and biochemical characterization 
of Burkholderia sp. CCA53.
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peroxidase from delignified SMS were found to be 3 and 1.4 
U/g, respectively. Further to this, the cellulase production 
from SMS by Trichoderma asperellum UPM 1 under solid 
state fermentation was optimized by applying central com-
posite design, resulted in increment of 1.4-fold in CMCase 
(171.21 U/g) and 1.5-fold in β-glucosidase (6.83 U/g), with 
the optimum temperature of 27.5 °C, initial moisture con-
tent 81% and initial pH of fermentation 4.5. Therefore, this 
study showed that the direct utilization of SMS is feasible 
for promising cellulase production by T. asperellum UPM 1.

Abstract The feasibility of spent mushroom substrate 
(SMS) as an alternative fermentation feedstock for cellulase 
production has been demonstrated in this work. Utilization 
of SMS as a substrate has been attempted widely due to 
its high cellulose content and readily available in smaller 
particle size. On top of that, the availability of delignified 
SMS by the action of Pleurotus pulmonarius during mush-
room cultivation offers another benefit to its use whereby 
no chemical pretreatment would be required prior to fer-
mentation. The recovery of crude laccase and manganese 
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80 increased lignin removal by 23%. Observations using 
SEM revealed that, with Tween 80, the presence of pores 
and surface cracks were more pronounced on the surface 
of degraded OPEFB fibers. As a whole, the reported effects 
showed an improved production of reducing sugars in the 
presence of Tween 80. Thus, Tween 80 addition appeared 
as a promising method in enhancing the bioconversion of 
OPEFB into value-added co-products.

Keywords Tween 80 · Biodegradation · Cellulose · 
Lignin · Sugar · Cellulase activity

Introduction

The conversion of lignocellulosic biomass from agricul-
tural residues such as rice straw, maize straw and olive 
tree into fermentable sugars has been studied academically 
[1–3]. The general conversion process of lignocellulos-
ics into sugars can be achieved via enzymatic or chemi-
cal degradation methods, but the former is much preferred 
due to lesser environmental impacts and lower production 
of inhibitors [4]. Achieving high sugar yield in enzymatic 
degradation process is important from both technical and 
economical stand points so that the sugars are able to func-
tion as versatile starting materials to produce value-added 
chemicals, i.e., ethanol, furan and organic acids [5]. The 
process, however, is very much dependent on the amount of 
lignin constituted in lignocellulosic biomass composition. 
This is due to the fact that lignin is an enzyme adsorbent 
which reduces the amount of cellulase available for the 
degradation reaction [6]. In addition, obstruction of enzy-
matic attack to cellulose and hemicellulose is known to be 
function of lignin by nature [7].

Abstract Various pretreatments have been employed to 
pretreat oil palm empty fruit bunch (OPEFB) to improve 
sugars production via enzymatic degradation reaction. 
However, less attention has been paid to investigate the 
effects of surfactant addition in the OPEFB degradation 
process. Therefore, the effects of surfactants on degrada-
tion of pretreated OPEFB by Aspergillus niger EFB1 crude 
cellulase were studied. Tween 80 was the most effective 
surfactant tested. When 0.25% (v/v) Tween 80 was added, 
the production of reducing sugar increased 63% (from 0.49 
to 0.8 g/L). This was the optimum yield recorded. It also 
improved cellobiose, glucose and xylose production by 
two folds, seven folds and one fold higher than that with-
out Tween 80, respectively. Tween 80 reduced the loss of 
cellulases activities where more than 17% of the original 
cellulases activities were retained after 7 days of degrada-
tion. Nonetheless, Tween 80 did not improve the protein 
concentration consistently. Supplementation of Tween 

 * Madihah Md. Salleh 
 madihah@fbb.utm.my

1 Faculty of Biosciences and Medical Engineering, Universiti 
Teknologi Malaysia, Skudai, 81310 Johor Darul Takzim, 
Malaysia

2 ENVBIO Research Group, Resource Sustainability, 
Universiti Teknologi Malaysia, Skudai, 
81310 Johor Darul Takzim, Malaysia

3 Malaysia-Japan International Institute of Technology, 
Universiti Teknologi Malaysia Kuala Lumpur, 
54100 Kuala Lumpur, Malaysia

4 Department of Bioprocess Technology, Faculty 
of Biotechnology and Biomolecular Sciences, Universiti 
Putra Malaysia, Serdang, 43400 Selangor, Malaysia

5 National Nanotechnology Directorate, Ministry of Science, 
Technology and Innovation, 62662 Putrajaya, Malaysia

ORIGINAL PAPER

Alkaline Hydrolysate of Oil Palm Empty Fruit Bunch as Potential
Substrate for Biovanillin Production via Two-Step Bioconversion

Aisyah Zulkarnain1 • Ezyana Kamal Bahrin1 • Norhayati Ramli1 • Lai Yee Phang1 •

Suraini Abd-Aziz1

Received: 27 July 2016 / Accepted: 14 October 2016

� Springer Science+Business Media Dordrecht 2016

Abstract High demand of natural vanillin in the world-

wide market leads to the production of biovanillin using

lignocellulosic biomass. In this study, alkaline hydrolysate

of oil palm empty fruit bunch (OPEFB) was used as

potential substrate for biovanillin production via two-step

bioconversion. Based on the results obtained, 41 % vanillic

acid and 39 % biovanillin were produced using alkaline

hydrolysate of OPEFB as substrate. Besides that, formu-

lated alkaline hydrolysate of OPEFB was employed based

on the phenolic compounds composition in the alkaline

hydrolysate of OPEFB in order to evaluate the significance

of those compounds towards vanillic acid production using

two level factorial design. Ferulic acid is the major com-

ponent for the production of vanillic acid production with

the significantly highest molar yield conversion of 53 %.

For the combined interactions, the model showed that the

combination of ferulic acid/p-coumaric acid and ferulic

acid/p-hydroxybenzoic acid had antagonistic interaction as

it significantly led to the reduction of vanillic acid. Vanillic

acid as the intermediate compound in the two-step bio-

conversion of OPEFB provides a potential substrate for

biovanillin production.

Keywords Biovanillin � Two-step bioconversion �
Oil palm empty fruit bunch � Two-level factorial design �
Phenolic compound

Introduction

Lignocellulosic biomass comprised of cellulose, hemicel-

lulose and lignin as structural components. The chemical

properties of its structural components make it a substrate

with massive biotechnological value [1]. Recently, abun-

dant amounts of lignocellulosic biomass are generated

every year through many sectors such as the forestry and

agricultural sectors which lead to environmental issues if

they are not well managed by the industries. By adopting

‘Waste to Wealth’ concept, the conversion of the ligno-

cellulosic biomass into value-added products such as such

as biofuel, food additives and organic acids can be the best

solutions to this problem. In 2010, Malaysia’s palm oil

industry generated about 46 million dry tonnes of oil palm

empty fruit bunch (OPEFB) and the capacity is predicted to

escalate to 49 million dry tonnes by 2020 which make it as

one of the main by-products from the palm oil industry [2].

Therefore, there is a great potential for OPEFB to be used

as the starting material for generating high-value products

due to its availability throughout the year and its low cost.

Since OPEFB is made up of complex structure between

cellulose, hemicellulose and lignin, thus, pretreatment are

required to modify the OPEFB structure in order to get

valuable product from this biomass [3]. In general,

researchers are commonly focusing on the degradation of

cellulose and hemicellulose of lignocellulosic biomass for

further utilisation into fermentable sugars but less attention

has been paid to the recovery of lignin and other phenolic

compounds from the lignocellulosic biomass [4]. Hence, this

study focuses on the use of alkaline hydrolysate of OPEFB

which comes from lignin degradation as an alternative sub-

strate for biovanillin production. On the other note, various

pretreatment strategies are available in order to degrade the

lignin structure of lignocellulosic biomass, one of the
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Tengku Arisyah 
Tengku Yasim 

Anuar

Research 
attachment

Nanocellulose and 
nanocomposite 

production

Kyushu Institute of 
Technology

14 August 2016 - 
11 March 2017 JICA

Siti Suliza Salamat Research 
attachment Microbial diversity Kyushu Institute of 

Technology
16 January - 14 
February 2017 SATREPS

Liana Megashah Research 
attachment

Characterization of 
Palm Oil Biomass 

Cellulose Nanofiber

Kyushu Institute of 
Technology 7 - 28 May 2017 JICA

Tengku Arisyah 
Tengku Yasim 

Anuar

Research 
attachment

Nanocellulose 
production

Kyushu Institute of 
Technology

27 June - 27 
August 2017 JASSO

Liana Megashah Research 
attachment

Characterization of 
Palm Oil Biomass 

Cellulose Nanofiber

Kyushu Institute of 
Technology

27 June - 27 
August 2017 JASSO

Marahaini Mokhtar Research 
attachment

Biohydrogen 
production

Kyushu Institute of 
Technology

4 July - 28 August 
2017 JASSO

Prof. Dr. Mohd Ali 
Hassan

World Class 
Professor

Environmental 
Biotechnology 

Universitas 
Indonesia

20 – 31 August 
2017

Ministry of 
Education, 
Indonesia

Dr. Ahmad 
Muhaimin Roslan

World Class 
Professor

Environmental 
Biotechnology

Universitas 
Indonesia

20 – 31 August 
2017

Ministry of 
Education, 
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Nor Farhana Aziz 
Ujang

Research 
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Analysis of microbial 
community structure 

using Miseq

Kyushu Institute of 
Technology

20 August - 16 
September 2017 JICA

Enis Natasha Noor 
Arbaain

Research 
attachment

Characterization of 
oil palm empty fruit 

bunch (OPEFB)

Kyushu Institute of 
Technology

25 August - 24 
October 2017 JASSO

Nur Fatin Athirah 
Ahmad Rizal

Research 
attachment

Biomass 
pretreatment

Kyushu Institute of 
Technology

14 - 24 October 
2017

Sakura Science 
Program

Izzatul Syazana 
Ismail

Research 
attachment

Biosurfactant 
production using 
waste cooking oil

Kyushu Institute of 
Technology

23 October 2017 – 
16 March 2018 JASSO

Nahrul Hayawin 
Zainal Research training

Activated carbon 
production from oil 

palm kernel shell
Korea University 23 November - 28 

December 2017 MPOB

Mohd Azwan Jenol Research training Enzymatic fuel cell 
from VFA biomass Korea University 23 November - 28 

December 2017 UPM
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Yuya Hashiguchi Research 
attachment

Toxicity identification 
evaluation of palm 

oil mill effluent

KYUTECH and 
Biorefinery 
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Laboratory, UPM

21 June 2014 - 21 
June 2017 JICA

Nalahyini Kumar Industrial 
training

Production of 
biosurfactant by 

Pseudomonas 
aeruginosa RS6 and 

RW 

Environmental 
Biotechnology Lab, 

Biotech 3

13 February - 21 
April 2017 SATREPS

Everlyn Shanthi 
Pushparaja

Industrial 
training

Effect of fiber 
pretreatment 
on chemical 
composition 

Biomass and 
Biorefinery 

Laboratory, UPM

13 February - 21 
April 2017 JICA

Lau Pheck Kee Industrial 
training

VFA production from 
biomass

Biomass and 
Biorefinery 

Laboratory, UPM

3 July - 30 August 
2017 JASSO

Prof. Dr. Misri 
Gozan

Research 
attachment

Upscale 
fermentation for 

polylactic acid

Biomass and 
Biorefinery 

Laboratory, UPM
15 - 22 July 2017 JASSO

Yustinah Research 
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fermentation for 

polylactic acid

Biomass and 
Biorefinery 

Laboratory, UPM

15 July - 5 August 
2017 JASSO
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Research Study on the Effectiveness of 
Biofertilizer Pellets for Landscape Plants Indah Water Konsortium Sdn Bhd September 2015 –March 2017

Survey on Municipal Solid Waste
Composition, Utilization and 
Management in Selected Cities in 
Malaysia

Mitsubishi Heavy Industries Asia Pacific 
PTE. LTD. September 2017 – February 2018

Biofertilizer and Biochar Pellets for 
Landscape Plants and Biofuel CJ Bio Malaysia Sdn Bhd May 2016 – April 2017

Start-up Co-composting of Palm Oil 
Empty Fruit Bunch and Palm Oil Mill 
Effluent Anaerobic Sludge in Semi 
Commercial Plant

TDM Plantations Sdn Bhd Sept 2017 – March 2018

Implementation of Readily Available 
Technology  for Bromelain Extraction 
and Purification from Pineapple Wastes 
for Value-added to Pineapple Industry

AlafPutra Biowealth Sdn. Bhd September 2014 - May 2017
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University, Thailand
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Makalah Jurnal 2017
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Teijin Nakashima Research 
Seminar on Biomaterial 28 January 2017 Okayama, Japan

• Assoc. Prof. Dr. Hidayah Ariffin
• Tengku Arisyah Tengku Yasim 

Anuar

9th Asian Federation of 
Biotechnology Regional 

Symposium
9 - 11 February 2017 Manila, Philippines • Prof. Dr. Mohd Ali Hassan

• Prof. Dr. Suraini Abd Aziz

Nanocellulose Utilization 
Seminar: Possibility of 

nanocellulose from bamboo 
23 February 2017 Hyatt Regency Fukuoka, 

Japan
• Tengku Arisyah Tengku Yasim 

Anuar

UPM-Kyutech Joint Seminar 8 March 2017 Universiti Putra 
Malaysia • EB Group members

National Institute of Advanced 
Industrial Science and 

Technology (AIST) Seminar
15 March 2017 AIST Chugoku Center, 

Hiroshima • Dr. Mohd Zulkhairi

Workshop- Organizing Your 
Thesis and Manuscript 21 March 2017 Universiti Putra 

Malaysia

• Tengku Arisyah Tengku Yasim 
Anuar

• Liana Noor Megashah

SATREPS workshop for 
Introducing New Green 

Business Model 
28 March 2017 Promenade Hotel Kota 

Kinabalu • EB lecturers

2017 AFOB International 
Symposium and AFOB Board 

Meeting
6  - 7 April 2017 Gyeongju and Songdo, 

Korea
• Prof. Dr. Mohd Ali Hassan
• Prof. Dr. Suraini Abd Aziz

The 1st International 
Symposium on Nanocellulosic 

Materials
20 – 22 May 2017 Hangzhou, China • Assoc. Prof. Dr. Hidayah Ariffin

Biochemical and Molecular 
Identification of Bacteria & 

Fungi using Bioinformatics Tools
18 - 20 July 2017

Faculty of 
Biotechnology and 

Biomolecular Sciences, 
UPM

• Izzatul Syazana Ismail

The 11th Korea-ASEAN Joint 
Symposium on Biomass 

Utilization and Renewable 
Energy : Integration of 

Agriculture and Biotechnology

19 - 22 July 2017
Chulalongkorn 

University, Bangkok, 
Thailand

• Prof. Dr. Suraini Abd Aziz
• Dr. Mohamad Faizal Ibrahim

The 13th Asian Congress on 
Biotechnology 2017

23 - 27 July 2017 Khon Kaen, Thailand • Prof. Dr. Mohd Ali Hassan
• Prof. Dr. Suraini Abd Aziz
• Dr. Mohamad Faizal Ibrahim

Public Lecture on Utilisation of 
Microbial Resources 25 July 2017 Institute of Bioscience, 

UPM • Izzatul Syazana Ismail

CONFERENCES AND 
WORKSHOPS
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Seminar on 
Embracing Biosafety, Biosecurity 

and Bioethics in Research
15 August 2017 Universiti Putra 

Malaysia
• Nur Atheera Aiza Md Razali
• Nurul Hanisah Md Badrul Hisham

X-ray-CT Scan Training 21 - 23 August 2017
Kanazawa Institute of 

Technology, Kanazawa, 
Japan

• Prof. Dr. Mohd Ali Hassan
• Prof. Dr. Suraini Abd Aziz

Transmission Electron 
Microscopy Workshop 31 August 2017

Kyushu Institute of 
Technology, Tobata 

Campus, Kitakyushu, 
Japan 

• Tengku Arisyah Tengku Yasim 
Anuar

Seminar on Supercritical 
Processing of Biopolymers for 

Drug Delivery Application 
4 September 2017 Universiti Putra 

Malaysia • Nurshazana Mohamad

Workshop on Academic Writing 
and Publishing for Malaysian 

Researchers
5 September 2017 Faculty of Veterinary 

Medicine, UPM • Izzatul Syazana Ismail

BioMalaysia and Bioeconomy 
2017 Exhibition 11 - 13 September 2017 Kuala Lumpur 

Convention Centre

• Prof. Dr. Mohd Ali Hassan
• Assoc. Prof. Dr. Hidayah Ariffin
• Mohd Nor Faiz Norrrahim
• Tengku Arisyah Tengku Yasim 

Anuar
• Liana Noor Megashah

Elsevier Publishing Connect 
Workshop 14 September 2017 Auditorium Putra, UPM • Khairiatul Nabilah Jansar

• Izzatul Syazana Ismail

Thailand Graduation Ceremony 
Guest of Honours 27 - 29  September 2017 Chulalongkorn 

University • Prof. Dr. Suraini Abd Aziz

National Electrospinning 
Workshop 11 October 2017 Technology Park 

Malaysia

• Tengku Arisyah Tengku Yasim 
Anuar

• Liana Noor Megashah

AFOB-MC Bioenergy and 
Biorefinery Session: 2nd 
International Conference 
on Molecular Biology and 

Biotechnology 

1 November 2017 PAUM Clubhouse, 
University of Malaya • EB Group Members

Thick Film Fabrication 
Workshop 7 - 8 November 2017 Institute of Advance 

Technology, UPM
• Tengku Arisyah Tengku Yasim 

Anuar

Workshop on Application of 
HRTEM and FESEM in Material 

Science Research
7 -9 November 2017 Institute of Bioscience, 

UPM • Liana Noor Megashah

CONFERENCES AND 
WORKSHOPS
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CONFERENCES AND 
WORKSHOPS

EVENT DATE VENUE PARTICIPANT

Workshop on Nanoenabled 
Products and Medical Devices: 

Testing and Regulation of 
Nanosafety

13 - 14 November 2017 SIRIM Berhad, Kulim 
Hi-Tech Park

• Assoc. Prof. Dr. Hidayah Ariffin
• Tengku Arisyah Tengku Yasim 

Anuar

Symposium on Applied 
Engineering and Sciences 

(SAES2017)
14 - 15 November 2017 Universiti Putra 

Malaysia • EB Group Members

Wood and Biofiber International 
Conference (WOBIC2017) 21 - 23 November 2017 Hotel Bangi-Putrajaya, 

Malaysia • EB Group Members

Conference on Biomedical and 
Advanced Materials (BIO-CAM) 28 - 29 November 2017 BayView Hotel, 

Langkawi, Malaysia • Assoc. Prof. Dr. Hidayah Ariffin

International Congress of 
The Malaysian Society for 

Microbiology
4 -7 December 2017 Hotel Bangi-Putrajaya, 

Malaysia • Prof. Dr. Mohd Ali Hassan
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Bacterial community composition in the palm oil mill effluent treatment 
system for the development of bioindicator assessment system

Towards controlled depolymerization of
polyhydroxyalkanoates by steam hydrolysis

The growing demand for palm oil has caused 
a substantial increase in the generation of 
palm oil mill effluent (POME). POME has been 
known to give the adverse environmental 
impacts including land and aquatic ecosystem 
contamination and the biodiversity loss if it is 
not properly treated. In Malaysia, the ponding 
system is commonly being used to treat POME 
because of the low cost and less maintenance 
required. However, only few studies have been 
conducted on the microbial aspects of POME 
and little is known about the bacterial diversity 
involved in the POME treatment. Therefore, 
this study aims to assess the bacterial 
community dynamics in the POME treatment 
system which the information would be useful 
to monitor the role in biodegradation. Further 
to that, the bacterial composition in the POME 
final discharge from different palm oil mills will 
be compared in order to propose the potential 
bioindicator to indicate contamination by 
the effluent. To achieve these objectives, the 
flow cytometry will be used to assess the 
functional status of bacterial community, while 
culture-independent approaches including 

PCR-DGGE and 16S rRNA gene sequencing 
on Illumina MiSeq platform will be applied to 
assess the bacterial community structure and 
composition. 

Polyhydroxyalkanoate (PHA) has unique 
characteristics of thermoplastic, biodegradable 
and biocompatible biopolymer that can be 
produced intracellularly by microorganism 
and some plant species. The constituent 
of PHAs, polyhydroxybutyrate acid (PHB) is 
biocompatible with human as it is also a built 
compound of blood, made this producible 
biopolymer able to contribute very significantly 
to the biomedical applications especially in 
tissue engineering. Cascade utilization of 
polymers could be introduced before they 
are finally being released to the environment. 
Single use of bioplastics does not support the 
sustainability of the carbon cycle; therefore, a 
process to depolymerize polymers is needed. 
Medium to low-molecular weight PHA is 
important for various applications; feedstock 
for blending and re-polymerization process. 
Pyrolysis, abiotic hydrolysis and enzymatic 
hydrolysis of PHA have been extensively 
studied; however, steam hydrolysis of PHA is 
yet to be studied. Controlled depolymerization 
of PHA, involved with the concept of the 
material conversion to molecules that built 
up of the original material or lowering of its 
origin molecular weight. Depolymerization of 

PHA by steam was controlled by temperature 
and time. Depolymerization mechanism 
and kinetics were proposed and evaluated 
through characteristics of depolymerized PHA 
conferring to suitable standards. 

Figure 1. POME samples obtained from different 
stages of the treatment system.

Figure 1. Purification of dissolved PHB powder in 
methanol and hexane.

Figure 2. PHB disks arrangement prior to steam 
hydrolysis.

Figure 2. Samples preparation for the 
physicochemical analysis.

PhD Student

PhD Student

Figure 3(a&b). PCR-DGGE for the analysis of bacterial 
community structure and composition.

Figure 3. Prepared hydrolyzate samples in NMR 
tubes for proton NMR analysis.

Figure 4. Placing the sample’s tube in the 500-MHz 
JEOL JNM-ECP500 FT NMR system.
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Sago biomass as a potential feedstock for bioelectricity generation

Nanofiber and nanocomposite production from
super-heated steam treated oil palm biomass

Microbial fuel cells (MFC) has gained a lot 
of attention due to its ability to convert the 
chemical energy into electricity. The MFC is 
considered as an expensive technology, thus 
makes is challenging to be commercialized 
in the near future. However, the utilization 
of renewable cheap biomass could be one 
of the possible approaches to overcome the 
aforementioned problems. Sago biomass 
has a great potential to be used as a carbon 
source for the production of bioelectricity 
using MFC system. Sago biomass, also known 
as sago hampas comprises of more than 
50% of starch, which can be converted into 
glucose. Then, the glucose produced can 
further be used as electron donor in MFC 
system for the generation of bioelectricity. 
Recently, Chang et al. (2010) has reported the 
volatile fatty acid (VFA) platform derived from 
biomass has great potential as well as sugar 
platform. Thus, this study on the feasibility 
of sugar and VFA platform derived from sago 
hampas for the production of bioelectricity 
will be conducted. The fact that the 
electrochemical activity of Clostridium sp. has 

not yet fully understood, this study has great 
opportunity in the development for future 
MFC. The bioconversion of sago biomass into 
bioelectricity by Clostridium sp. in MFC system 
is expected to give positive and great impact in 
the advancement of MFC field. 

Nanocellulose is a cellulosic material having 
one of its dimensions (length or diameter) in 
nanoscale. Nanocellulose has been listed as 
a focused nanomaterial in the 11th Malaysia 
Plan under strategic research. Cellulose 
nanofiber (CNF) shows outstanding properties 
such as extraordinary strength, high stiffness, 
and high crystallinity. All of these good 
properties impart CNF to be used in several 
applications ranging from consumer products 
to high-tech industrial applications such as 
medicine and pharmaceuticals, electronics, 
composites, membranes, porous materials, 
paper, and food. Oil palm biomass (OPB) 
which is abundant in Malaysia has high 
potential to be converted into nanocellulose. 
Nevertheless, the current production method 
of CNF requires complex processes and uses 
harsh chemicals. Wet disk milling (WDM) is 
a non-chemical method for CNF production, 
with the advantage of being simple and fast. 
We have developed an appropriate and 
efficient method which involves the use of 
superheated steam (SHS) and WDM for CNF 
production from OPB. Based on our current 
findings, the CNF produced from OPB by 
this method has an average diameter size of 

40nm. Reinforcement of the CNF in polymeric 
materials such as polypropylene, polyethylene 
and polylactic acid managed to improve the 
mechanical properties of composite materials 
substantially as compared to neat polymer. 
In a nutshell, the ability to produce CNF from 
OPB will promote the use of OPB for a new 
high-end product, with the potential of new 
industry creation and eventually contributing 
to the economic growth.

Figure 1. Extruder.

Figure 1. Fermentable sugars analysis
using DNS method.

Figure 2. MFC Setup of bioelectricity generation 
using double chambers system.

Figure 2. Nanocomposite

Figure 3. Nanofiber
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Co-composting oil palm empty fruit bunch and anaerobic sludge
palm oil mill effluent in closed system

Production of biochar and activated carbon
from oil palm kernel shell

Co-composting of oil palm empty fruit bunch 
and sludge palm oil mill effluent are common 
practice in mill area. High lignocellulosic 
material slows down rate of degradation. 
Low level and inconsistent of aging sludge 
and different method of mill operations also 
contribute to inefficient compost process. A 
study to quantify microbes and lignocellulosic 
degradation able to determine detail of 
compost stage process and estimates of 
compost performance able to determine 
through modelling. Several process factor 
commonly included in compost mathematical 
model have known. There are about six 
common process factor has been applied in. 
Most popular is a deterministic model example 
substrate degradation limiting process to 
imitate limitation of actual process. Knowledge 
of process factor limiting fusion (incorporated 
into a single model) and direct inclusion of 
the possible interactions between the process 
factor as part of the model’s structure could 
comprehend composting process. Composting 
is most dynamic type of process hence 
incorporation factor limiting modeling could 

gain new insight which compensates vague 
understanding and flexibility to first principle 
mathematical model (deterministic). This 
study could introduce practicality in modeling 
for dynamic behavior such as composting.

This is a new concept for the production of 
activated carbon, which is known as two-in-one 
carbonisation and activation system (Figure 
1). This technology has been fully developed 
by collaboration between Malaysian Palm Oil 
Board (MPOB) and Universiti Putra Malaysia 
(UPM). This new system successfully process 
two-in-one carbonisation and activation 
system produces efficiently high quality of 
activated carbon with high yield by physical 
activation using steam (Figure 1). The process 
begins with biomass waste as input and ends 
with three forms of product yield i.e., charcoal, 
wood vinegar and fuel gas. Dry palm kernel 
shell (PKS) was fed into the reactor, heated 
using a diesel burner to a set temperature 
and held the temperature for a period of full 
carbonisation to obtain carbonised products 
(char). Then, the carbonised products 
subjected to steam activation in the same 
reactor and hold for the activation. The flow 
rate of water into the perforated pipes was 
monitored and duration of activation can be 
varied to investigate the effect of activation 
time on the quality of activated carbons derived 
from the reactor (Figure 2). Adsorption has 
been found to be a more effective method for 

the treatment of POME by using bioadsorbent 
produced. The results found that bioadsorbent 
was successfully reduce the concentrations 
with high percentage in the form of TSS, 
COD, colour and BOD in the final discharge 
POME. The amount of concentration for final 
discharge POME of bioadsorbent meets the 
river water quality making it suitable to be 
applying for palm oil mill industry wastewater 
treatment.

Figure 1. Carbonisation-activation system for the production of biochar and activated carbon.

Figure 1: Composter Schematic Diagram

Figure 2: Composter

Figure 3: 
Temperature and 
Humdity Sensor with 
Datalogger

Figure 4: Compost

Figure 2. Activated 
carbon from oil palm 
kernel shell.
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Expression of codon optimized recombinant cyclodextrin 
glycosyltransferase from Escherichia coli

Synthesis of bio-based polyesters from palm oil’s fatty acids

Cyclodextrin glycosyltransferase (CGTase) (EC 
2.4.1.19) represents one of the most important 
groups of microbial amylolytic enzymes, which 
forms circular α-(1, 4)-linked oligosaccharide 
substrates via covalent intermediate. The 
production of CGTase has attracted increasing 
interest owing to the special characteristics 
of the cyclodextrin with the shape of hollow 
truncated cone, hence it can be used to 
encapsulate a variety of compounds. The 
cyclodextrins have been widely used for various 
applications such as in the food, cosmetic 
and pharmaceutical industries. Currently, the 
production of CGTases from wild-type strains 
are relatively low at longer incubation time 
with the mixtures of α-, β- and γ-CDs produced 
in different ratio, hence contributed to the high 
cost for cyclodextrin production. Therefore, to 
tackle those problems, the over-expression 
of cgt gene in Escherichia coli expression 
system was carried out, by integrating the 
plasmid with His-tagged to ease the protein 
purification. Furthermore, to solve the issue 
of low enzyme expression by the recombinant 
strain, the optimization of codon usage and 

inducer supplementation was carried out, 
hence higher enzyme expression can be 
achieved for the cyclodextrin production.

New type of biopolyester was developed 
in this study by using fatty acids normally 
found in palm oil. Oleic and linoleic acids 
were converted into octadec-9-enedioic acid, 
a type of di-acid, by metathesis using the 
second generation Grubbs catalyst. Synthesis 
of bio-based polyester was then conducted by 
condensation copolymerization of the di-acid 
with aliphatic and aromatic diol using isopropyl 
titanate as a catalyst. Copolymers of aliphatic 
and aromatic polyesters were successfully 
produced, with 61% and 65% yield for di-
acid/1,6-hexanediol and di-acid/4,4-biphenol, 
respectively. Polyester with aliphatic diol 
was easily soluble in organic solvents such as 
chloroform and acetone, while polyester with 
aromatic diol was insoluble in these solvents. 
Further modification of the biopolyesters 
was carried out by enzymatic epoxidation on 
the olefin site of each polyesters. Structure 
confirmation was conducted by 1H NMR, FT-
IR and TOF-MS. Thermal properties of the 
biopolyester samples were analyzed by TGA 
and DSC. 

Publication
Noor Farisha Abd.Rahim; Kohtaro Watanabe; 
Hidayah Ariffin; Yoshito Andou; Mohd Ali 
Hassan; Yoshihito Shirai, Chemistry Letter. 
2014, 43(9), 1517-1519. 

Seminar/Conference Attended
1. Advanced Materials Conference 2016 

(Langkawi, Malaysia), 2016
2. Eco Materials Research Society Conference 

(Tokyo, Japan), 2014
3. International Symposium on Advanced 

Polymeric Materials (Kuala Lumpur, 
Malaysia), 2014

4. International Symposium on Applied 
Engineering and Sciences (UPM, Selangor, 
Malaysia),2013

Figure 1. Schematic representation of the expression 
vector (pQE-30 Xa)

Figure 2. Structure of NTA in complex with Ni2+ for 
Ni NTA column

Figure 1. 
Polyester from 
lipase--catalyzed 
of dicarboxylic 
acids and diols

Figure 2. Metathesis 
of fatty acids by 
second generation 
Grubbs catalyst

Figure 3. 
Unsaturated 
dicarboxylic acids 
from metathesis of 
oleic acid

Figure 4. Aliphatic and aromatic diols for polyester 
synthesis 
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Pineapple crown and lemongrass leaves as potential substrates for 
biovanillin & p-hydroxybenzaldehyde production

Pretreatment of oil palm empty fruit bunch using lignocellulolytic 
enzymes cocktail for production of fermentable sugars

Vanilla extract which naturally extracted 
from vanilla seed pod, is highly valued for its 
organoleptic flavor. The flavor contains almost 
200 substances that contributed to complex 
flavor of vanilla. The two main contributors to 
the characteristic flavor of original vanilla are 
known as vanillin and p-hydroxybenzaldehyde. 
Since the natural vanilla extract is limited and 
highly priced, sustainable approach using 
renewable and cheap sources is very much 
needed as an alternative over chemically 
synthesized artificial vanilla. On the other 
hand, ferulic acid and p-coumaric acid are 
two phenolic acids that have been shown 
to act as natural precursors for biovanillin 
and p-hydroxybenzaldehyde production, 
respectively. These phenolic acids can be 
found abundantly in lignocellulosic biomass 
mostly from agriculture wastes. However, 
due to the recalcitrance of the lignocellulosic 
structure various pre-treatment are needed to 
enhance the release of the precursors. In this 
study, lemongrass leaves (LL) and pineapple 
crown (PC) are utilized as two potential 
sources of ferulic acid and p-coumaric acid 

using various pretreatments for high release 
of ferulic acid and p-coumaric acid before 
further transformed into biovanillin and 
p-hydroxybenzaldehyde, respectively.

To date, Malaysia rank in the second place as 
a global palm oil producer. However, a non-
systematic biomass management system 
despite the rapid growth of oil palm plantation 
in Malaysia contributes a lot to biomass 
accumulation in huge amount. Oil palm empty 
fruit bunch (OPEFB) can be categorized as one 
of the toughest lignocellulosic biomass to be 
degraded naturally due to its complexity in 
structure. Common industrial practice used 
chemical and physical treatment to treat the 
OPEFB as it performs faster in hydrolyzing 
the biomass than biological treatment does. 
However, as the world is moving towards 
green concept, chemical treatment is no 
longer suitable to be practiced because it 
produce harmful by-product and it give low 
yield of fermentable sugars. The idea of 
converting the unwanted OPEFB into value-
added products came up due to the biomass 
pile up from oil palm plantation activity 
and palm oil refinery industry. In this study, 
the OPEFB was treated biologically using 
crude enzyme extract due to environmental 
concern. The OPEFB is subjected to enzymatic 
hydrolysis by crude lignocellulolytic enzymes 
to produce a fermentable sugars. Hence, the 

biological approach for delignification and 
saccharification process is expected to results 
in high lignin removal and consequently 
produces high fermentable sugars 
concentration.

Figure 1. Lemongrass leaves Figure 2. Pineapple crown leaves

Figure 1. Pycnoporus sanguineus Figure 2. Overview of lignocellulosic biomass 
hydrolysis
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Recovery of sugars from oil palm frond for bioethanol production

The use of oil palm empty fruit bunch and palm oil mill effluent as 
compost in oil palm plantations: nutrients recycling

system for oil palm industry

In 2010, Malaysia generated approximately 80 
million tonne of dry solid biomass from the oil 
palm industry and it is predicted to increase 
up to 110 million tonnes in the year of 2020. 
Oil palm empty fruit bunch, oil palm mesocarp 
fiber and oil palm frond are among the main 
oil palm wastes produced. The main concern 
in the application of lignocellulosic materials 
is that it requires aggressive pretreatment to 
break down the complex matrix formed by 
cellulose, hemicellulose and lignin. Since initial 
conversion of biomass to sugars is considered as 
the key bottleneck in bioproducts production, 
researchers are looking at more efficient, 
environmental friendly methods which results 
in more lignin removal and higher surface 
area for enzymatic reaction. Among available 
pretreatment methods, hydrothermal 
pretreatment appeared to effectively improve 
the digestibility of lignocellulosic biomass 
which leads to higher sugar yield. This work 
investigates the performance of hydrothermal 
pretreatment in improving sugar recovery 
from oil palm frond.  Findings from this study 
are expected to provide better understanding 

on hydrothermal hydrolysis and further 
highlight the potential of oil palm frond as a 
renewable carbon source. 

Fertilizers are used to enhance the growth 
and health plants. Frequent and long-term 
application of chemical fertilizer could affect 
soil biodiversity. Malaysia produces about 59 
percent of the world’s supply of palm oil and 
second largest produce after Indonesia. Excess 
fertilizer application to oil palm plantation 
may happen to increase oil yield. This has 
caused increased consumption and excessive 
chemical fertilizer application that eventually 
led to environmental pollution. In Malaysia 
one cycle of oil palm plantation need around 
25 years. Many research on physical and 
chemical characteristic for short and long term 
done on plant and soil of oil palm plantation. 
By the way, effect on frequently application 
for long term used inorganic fertilizer still 
make question on affect on soil diversity has 
not been reported. So, this research conduct 
for this investigated application base on 
physical characteristic, chemical composition, 
microbial diversity and oil palm production 
correlation.

Figure 1. Sample analysis

Figure 2. Sand bath reactor

Figure 3. Pretreated 
oil palm frond fiber

Figure 1: Oil palm 
Plantation at Felda 
Serting Hilir Negeri 
Sembilan Malaysia

Figure 2: Laboratory work at Pusat 
Penyelidikan Pertanian Tun Razak, 
Jengka, Pahang Malaysia
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Cellulose nanofiber and nanocomposite production
from oil palm mesocarp fiber 

Toxicity identification evaluation of palm oil mill effluent

Million tonnes of oil palm biomass have 
been generated from both plantation and 
mill, and one of them is oil palm mesocarp 
fibers (OPMF). It has been reported that 
due to the abundance of OPMF generation 
daily, it is inefficiently burnt as a method of 
disposal, which consequently leads to the 
environmental pollution. Therefore, particular 
attention can be given to produce valuable 
bioproducts from OPMF, such as cellulose 
nanofiber (CNF). In this study, cellulose 
was extracted from OPMF by NaClO2 and 
KOH treatments prior to nanofibrillation 
by electrospinning, ultrasonication and 
high-pressure homogenization. Scanning 
electron microscopy, X-ray diffraction and 
Thermogravimetric analysis confirmed 
the occurrence of fibers having diameter 
ranging from 40-100 nm with improvement 
on crystallinity and thermal stabilility. The 
obtained CNF was then being used as a 
reinforcement material for nanocomposite 
production which was prepared by internal 
mixing and extrusion. Mechanical analysis 
revealed that nanocomposites prepared 

by extrusion were 35.5% higher in terms of 
tensile strength, 33.7% higher for Young’s 
modulus, 66% higher for flexural strength and 
19.7% higher for flexural modulus compared 
to nanocomposites prepared by internal 
mixing. Results from this finding indicate 
that nanofiber orientation plays a role in 
enhancement of mechanical properties of the 
biocomposites. 

Publication
Yasim-Anuar, T.A.T., Ariffin, H., Norrrahim, 
M.N.F., Hassan, M.A., 2017. Factors affecting 
spinnability of oil palm mesocarp fiber 
cellulose solution for the production of 
microfiber. Bioresources. 12, 715-734. 

Palm oil mill effluent (POME) contains complex 
vegetative matters including high degradable 
organic matter. Serious environmental 
pollutions were reportedly occurred 
throughout discharging process of POME 
directly into rivers. Therefore, in this study, the 
toxicity effect of POME final discharge samples 
from two different palm oil mills (A and B) were 
evaluated based on whole effluent toxicity 
(WET) studies and toxicity identification 
evaluation (TIE) tests using bacteria E. colii, 
microalgae S. dimorphus and Invertebrate D. 
magna. The WET test showed that significant 
growth inhibition of all organisms from 
POME final discharge of palm oil mill B and 
the sample was further experimented in TIE 
testing. The TIE results revealed that solid 
phase extraction (SPE) and acidic and alkaline 
treatment were effective in reduction and 
removal of toxicants and eliminating growth 
effects. It was anticipated that an excess 
non-polar organic compounds and acidic and 
alkaline lignin groups in the effluent caused the 
main toxicity. This study illustrates that even 
though POME has undergone many treatment 
stages, the final discharge still contained toxic 
compounds. Hence, advance treatments are 
necessary to help eliminate the toxicants from 
POME final discharge. 

Figure 1. Flow diagram of cellulose 
nanofiber and nanocomposite 
production from OPMF

Figure 1. Aquatic organim (D. magna)

Figure 3. POME final discharge sample A and B

Figure 2. POME final 
discharge pond
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Application of metabolic engineered E. coli BW25113 strain
for utilization of palm oil mill effluent (POME)

to enhance hydrogen production

Biological pretreatment of oil palm empty fruit bunch
(OPEFB) using locally isolated fungus 

Hydrogen energy is an energy resource 
that potential to become an alternative 
resource to liquid fossil fuels. This premium 
energy resource is a renewable, clean 
and environment-friendly. At present, the 
biological approach is known as the best 
method for hydrogen production due to 
least energy intensive, cheap production 
cost and environmentally friendly. Biological 
approaches to hydrogen production have 
been extensively applied to the study of 
the bioremediation (e.g. agricultural waste, 
kitchen waste, domestic waste and etc). 
However, the low yield of hydrogen and limited 
carbon sources utilization are two majors 
drawback for producing hydrogen through 
this method. Therefore, the aim of the present 
work is to investigate potential utilization of 
various carbon sources from biomass, palm oil 
mill effluent (POME) by genetically modified 
microorganism for production of hydrogen. 
The information obtained throughout the 
study will deliver substantial evidence for 
the ability to produce hydrogen from various 
carbon sources found in POME by using 

metabolic engineered strain. Hence numerous 
applications and approaches will be widely 
available due to the succession of this project.

Oil palm empty fruit bunch (OPEFB) contains 
lignocellulosic components that can be 
converted into value-added products through 
several alternative pretreatment such as 
physical, chemical, physicochemical and 
biological pretreatment. Nowadays, biological 
pretreatment is being considered to replace the 
conventional pretreatment (physicochemical 
pretreatment) as it offers a low energy and 
an environmental friendly pretreatment. This 
technique uses microorganisms or enzyme 
as catalyst to modify the lignin structure and 
degrade the hemicellulose content in order 
to obtain cellulose that can be utilized for 
other applications. Biological pretreatment 
is classified into two categories (microbial 
pretreatment and enzymatic pretreatment) 
based on the biological agent used in 
the pretreatment. Particularly, biological 
pretreatment using fungus is considered as 
a cheaper option compared to enzymatic. 
In general, there are three types of wood-
rot fungi that commonly used in biological 
pretreatment, which are white-rot, soft-
rot and brown-rot fungi. White- rot fungi 
are considered as the primary agents of 
delignification that function through their 

extracellular enzymes and contribute to 
the modification of lignocellulosic structure 
and hemicellulosic removal. Thus, biological 
pretreatment using fungus has a great 
potential to convert the OPEFB into value-
added products.

Figure 1. Culture of indigenous fungus on agar plate

Figure 1. Fermentation in incubator shaker

Figure 3. Fermentation using parental strain
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Figure 2. 
Fermentation using 
engineered strain

Figure 2. Water extractive analysis 
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Production of polyhydroxyalkanoates from an engineered
Escherichia Coli through molecular biotechnology approach

Biobutanol production from sago hampas using C. acetobutylicum

Polyhydroxyalkanoates (PHA) are 
intracellular carbon and energy storage 
materials that can be found in numerous 
microorganisms. PHAs have been getting 
a lot of attention due to their similarity of 
material properties to conventional plastics, 
inherent biodegradability, sustainable and 
environmental friendly. Biosynthesis of PHA 
consists of three enzymes which are acetyl-
CoA acetyltransferase (phaA), acetoacetyl-CoA 
reductase (phaB) and PHA synthase (phaC). 
Comamonas sp. is one of the strains commonly 
used for PHA production. In order to develop 
higher PHA production from bacterial 
respond strategy, PHA biosynthesis operon of 
Comamonas sp. EB172 was introduced into 
Escherichia coli BW25113. E. coli was chosen 
due to the complete genome information 
available and the absence of depolymerization 
gene. Accumulation of PHA in E. coli can 
be regulated by metabolic engineering and 
there are two important intermediates in PHA 
production which are acetyl-CoA and NADPH. 
Several single gene deletion in E.coli were 
found to be associated with PHA metabolism 

activity and P1 transduction was performed 
for multiple genes knockout for higher PHA 
production. E. coli. 

In recent years, there is a high demand 
towards the biobutanol production instead of 
bioethanol due to its superior characteristics. 
Biobutanol has higher energy content, more 
miscible with diesel, less corrosive and can be 
shipped in unmodified gasoline pipelines. It is 
a four carbon atoms alcohol that not only can 
serve as transportation fuel, but can also used 
as solvent in manufacturing industry and as an 
intermediate in chemical synthesis. Production 
of biobutanol is commonly done using acetone-
butanol-ethanol (ABE) fermentation by 
solventogenic clostridia species. Nevertheless, 
one of the major problems in biobutanol 
production is the cost of substrate. Therefore, 
alternative substrate like sago hampas that 
contain both starchy and lignocellulosic 
biomass can be served as feedstock for ABE 
fermentation process. Although biomass 
residue can be used as fermentation substrate, 
it needs several processes to convert it into 
sugar and then biobutanol. The problem arises 
from the potential loss of sugar through varied 
steps process while producing the biobutanol 
also become one of the aim in conducting 
these experiments in a simultaneous process 
of saccharification and ABE fermentation.

Figure 1. Pathway Figure 3. Gas chromatography
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Figure 3. Conversion of sago hampas into biobutanol through ABE fermentation

Figure 2. Metabolic pathway which lead to 
accumulation of PHA

Figure 2. Determination of ABE and organic acids 
using gas chromatography

(Model GC-17A, Shimadzu, Japan)

Figure 1. Culturing 
inoculum for ABE 
fermentation
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Biosurfactant production from waste cooking oil using
Pseudomonas aeruginosa RW9

Production of glucose from mixed oil palm biomass

Biosurfactant aid in the production of fine 
chemicals, the characterization of surface and 
surface coatings, additives for environmental 
remediation and also used as a biological 
control agent. Furthermore, biosurfactant 
offers several advantages over their chemical 
surfactants such as their ecological acceptance 
in biodegradability, low toxicity, potentially 
high activities effectiveness and stability at 
extreme temperature, pH, and even salinity. 
In addition, the microbial surfactant is surface-
active metabolites and can be produced by 
microorganism when grown on oil substrate 
or water miscible. This kind of microbial 
surfactants possesses the characteristic 
of reducing surface tensions by using the 
same mechanisms as chemical surfactants. 
Biosurfactants have not yet been employed 
extensively in the industry due to high 
production cost. Thus, the possible strategy to 
reduce the cost is the utilization of alternative 
substrates such as waste cooking oil to permit 
cell growth and product accumulation. 
Hence, the main objective outlined in this 
study is to obtain the optimal biosurfactant 

production from waste cooking oil by 
Pseudomonas aeruginosa RW9 in shake flask 
experiments and also in pilot scale fermenter 
(2 L bioreactor). Another objective is to purify 
the microbial surfactant produced by green 
purification method and to determine the 
performance and efficiency of biosurfactant 
produced on different types of hydrocarbons.

As one of palm oil producer country, Malaysia 
generates an excessive amount of oil palm 
biomass, such as empty fruit bunch, mesocarp 
fiber, fronds, and trunks. Currently, the main 
disposal method for these biomass are 
through dumping or incineration which then 
causing pollution towards the environment. To 
mitigate this issue, biomass needs to recycle 
or reprocess. Biomass can be considered 
as lignocellulosic materials, and are rich in 
cellulose, hemicellulose, and lignin. Cellulose 
and hemicellulose are valuable to be 
converted into fermentable sugars through 
enzymatic saccharification process. However, 
the materials are in complex fibrous form, 
thus it reduces the enzymatic digestibility. A 
pretreatment process is required as it opens up 
the lignocellulosic structure to make cellulose 
more accessible by the enzyme. Mainly, there 
are three approaches of pretreatment available 
such as physical, chemical, and biological with 
various combinations such as physicochemical, 
biophysical, etc. Hot compressed water 
process falls into a physicochemical reaction 
which it loosens up the structure and 
assists autohydrolysis reactions within the 
biomass. Therefore, enzyme penetrating will 

be facilitated and therefore a low number 
of enzyme loading which will enhance the 
glucose yield.

Figure 1. Oil palm biomass involved in pretreatment 
that are frond (OPF), empty fruit bunch (OPEFB), and 

mesocarp fibre (OPMF).
Figure 3. Pretreated solid after saccharification 

process

Figure 4. Standard sugar for sugar analysis
Figure 2. Saccharification process of mixed oil palm 

biomass

Figure 1. Pseudomonas aeruginosa RW9 was used 
for biosurfactant production

Figure 2. Emulsification activity of biosurfactant on 
diesel

Figure 3. Solvent 
extraction of 
biosurfactant
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Non-chlorinated nanocellulose production from oil palm biomass

Elucidation of uncharacterized pseudogene for biohydrogen production

In the midst of new generating idea regarding 
nanomaterial, cellulose from plant biomass 
found as potential producing cellulose 
nanofiber (CNF). CNF becomes preferable in 
many application like bio-composites, pulp and 
paper, biomedical, etc. Most pretreatment on 
cellulose extraction predominantly use harsh 
treatment and required chlorinated bleaching. 
This is unfavourable due to impact on ecology. 
Therefore, the study focused on extract 
cellulose from oil palm biomass by highlighting 
the use of totally-chlorine free treatment. 
Within research, multi-step treatment 
was conducted by comparison with soda 
pulping as promising method obtaining high 
yield cellulose. Multi-step is a combination 
of superheated steam (SHS), enzymatic 
hydrolysis and alkaline treatment. SHS 
treatment beneficial removed hemicellulose 
with less energy required and shorter time. 
Whereas, xylanase enzyme attack xylan 
or recalcitrant hemicellulose to break the 
link between cellulose-lignin. Additionally, 
xylanase enhances chemical accessibility to 
remove lignin by further alkaline treatment. 

Lastly, the peracetic acid used as a bleaching 
agent to increase pulp brightness. In results, 
cellulose yield in multi-step treatment in 
the range of 83% to 87% comparable to 
soda pulping. Others estimation including 
thermal stability, structure, morphological and 
crystallinity. CNF proved to produce using wet 
disc milling (WDM). Present work interest with 
a feasibility study of WDM throughput by the 
effect on degree of polymerization.

Hydrogen holds a promise for a renewable and 
clean energy source. Molecular of hydrogen 
gas (H2) has highest energy content compared 
to other gaseous fuels. H2 known as carbon 
free gas and it is completely oxidized to water 
once it is combusted. H2 can be generated by 
various methods either chemical or biological 
approaches such as using water electrolysis, 
natural gas, coal and waste material. 
However, hydrogen through biological method 
(biohydrogen) gain a great interest as it can 
be produced easily from a variety of carbon 
sources through dark fermentation.  
Escherichia coli (E. coli) is the most extensively 
used bacterium for biohydrogen production. 
By screening this strain using chemochromic 
membranes, pseudogene found as one of 
the essential genes that related in hydrogen 
metabolism. A pseudogene is a DNA sequence 
with high homology to a functional gene. 
However, it is regarded as defunct relatives due 
to a few types mutation and strain evolution. 
To date, a comprehensive study of E. coli 
pseudogenes related to hydrogen metabolism 
has not been conducted. In this study, the 
actual sequence of specific pseudogene was 
investigated via single gene knockout method. 

Figure 1. Green processing of 
cellulose extraction

Figure 2. Fibrillation cellulose nanofiber from wet 
disc milling (WDM)

Figure 1. qRT-PCR machine for transcription analysis

Figure 2. HPLC used for organic acid analysis

Figure 3. Hydrogen detection using Gas 
Chromatography
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Expression of β-glucosidase gene in Saccharomyces cerevisiae
for Bioethanol Production 

Escherichia coli yqiG pseudogene in hydrogen production 

Concerns on fossil fuel consumption has led 
to bioethanol emerging as an alternative 
renewable fuel. In Malaysia, abundance of 
oil palm waste generated including oil palm 
empty fruit bunch (OPEFB) offers great 
potential as lignocellulosic substrate. For 
efficient hydrolysis, high conversion rates from 
cellulase enzyme constituents; endoglucanase, 
exoglucanase and β-glucosidase, are deemed 
essential. However, common low β-glucosidase 
expression has resulted in cellobiose build-
up, thus causing feedback inhibition. One 
approach to meet these challenges require 
construction of yeast strain expressing 
β-glucosidase capable of carrying out 
simultaneous saccharification and bioethanol 
fermentation. To this effort, this study has 
expressed a codon optimized β-glucosidase 
gene, isolated from local Trichoderma sp. 
isolate, in Saccharomyces cerevisiae. Following 
fermentation with oil palm biomass substrate, 
the resultant cell growth, liberated sugar 
concentration, enzyme activity and bioethanol 
production were quantified. In short, this study 
demonstrates the feasibility of recombinant 

yeast with β-glucosidase expression towards 
enhancing bioethanol production.

Hydrogen considered as environmental friendly 
fuel and renewable energy if it produced from 
renewable sources. Hydrogen production 
through dark fermentation considered as an 
effective biological approach which brings 
several advantages such as easy operation of 
bioreactor, higher production rate, and may 
utilize various substrates. Escherichia coli has 
been extensively used in hydrogen production. 
E. coli is well characterized bacteria and the 
metabolic engineering best-studied. Mutant 
strain can be constructed by genetically 
manipulate their metabolic pathway so called 
metabolic engineering. 
Pseudogenes are from active genes which 
turn into junk genes because of transcription 
and translation disruption. The presence of 
stop codons, repetitive element frame shift 
and lack of transcription might interrupt 
the gene to function well. However, the 
functions of pseudogenes are still unknown. 
In our preliminary study, we found out that 
yqiG pseudogene is essential for hydrogen 
production. Thus, in this study, we try to 
characterize the function of yqiG pseudogene 
in Escherichia coli for hydrogen evolution. 
Knock-out of yqiG gene in E. coli resulted in 
less hydrogen formation in complex glucose 

compared to complex formate media. Without 
the presence of yqiG gene, the hydrogen 
metabolic pathway was interrupted. Hence, 
yqiG pseudogene is important for hydrogen 
production and proves that some of the 
pseudogenes are functions in E. coli. 

Figure 1. Small serum bottles and anaerobic flask 
was used for fermentation purpose

Figure 3. Transcriptional analysis (gene expression) 
was analyzed by using RT PCR

Figure 2. Inoculum was transferred into vials 
containing media in anaerobic chamber

Figure 1. Selective Saccharomyces cerevisiae 
transformant growth

Figure 2. Conserved amino acids of β-glucosidases 
from Trichoderma spp.-
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Co-composting of kitchen waste and sawdust with addition of biochar

Biobutanol produced from simultaneous saccharification
and fermentation using in-situ recovery

Malaysia is facing crucial solid waste 
management issue due to population, 
economic growth, lack of waste management 
legislation, infrastructure and attitude of public 
especially in urban areas. Ministry of Housing 
and Local Government reported that in 2010, 
peninsular Malaysia alone has generated an 
estimated 25,000 metric tonnes of municipal 
solid waste (MSW) daily of which 50% were 
kitchen wastes (at source) whereas 930 tonnes 
food unconsumed and being disposed.
Composting seems to be feasible approach 
since kitchen wastes has high moisture 
content, high organics-to-ash ratio, and loose 
physical structure. However, composting of 
kitchen wastes need to be sustained to reduce 
problem that commonly arise while the 
process is undergone. Recent studies showed 
the interest of researchers on applying biochar 
to compost to improve degradation process. 
Unique characteristics of biochar which has 
high porosity, sorption capacity and cation 
exchange capacity can allow microorganisms 
to live at the surface and promotes 
different activity in soil. Recent studies has 

shown that application of biochar into the 
composting process improve physico-chemical 
characteristics of composts. In summary, this 
research can contribute to improve waste 
recycling system in this country by utilizing 
biomass produced from local and industry.

The increasing demand of energy as is 
expected as human population becomes 10 
billion by 2050 has led to the discovery of new 
alternative energy for our future generation. 
Biobutanol is one of the next promising 
future sources of energy that can substitute 
the depletion of underground fossil fuels. As 
compared to other energy sources, biobutanol 
is the most suitable bioenergy as it has less 
negative impacts on the environment and 
produces better energy density than ethanol. 
However, the process of biobutanol extraction 
is rather challenging whether in the form 
of high biomass, low yield of butanol, low 
butanol titer, slow fermentation, or with the 
degeneration of microbes. Therefore, this 
study is conducted to increase the recovery 
of biobutanol produced from simultaneous 
saccharification and fermentation by using 
free pretreated oil palm empty fruit bunch 
(OPEFB) waste as substrate. Powerful microbe 
like Clostridium acetobutylicum can utilize 
sugar release after enzymatic attack of OPEFB 
and produce biobutanol.  By applying in-situ 
recovery such as gas stripping technique, it 
will reduce the butanol toxicity and improve 
the fermentation efficiency. This is because 

this method has high selectivity of acetone, 
butanol, ethanol (ABE) which are stripped out 
without interfering the fermentation system. 
Then, further purification of butanol using 
distillation process will be carried out. The 
gas stripping-distillation recovery system is 
believed to be the next future system for large 
scale biobutanol processing. 

Figure 1. Biochar 
from coconut shell 
used as treatment to 
improve composting 
process

Figure 3.
Compost product

Figure 2. Kitchen waste collected from Serdang 
food court

Figure 1. Sample injection into Gas Chromatography

Figure 3. Overall 
process of 
biobutanol recovery

Figure 2. Bioreactor
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Treatment for POME final discharge using wetland system

Production xylooligosaccharide and biosugars
from oil palm mesocarp fiber

Palm oil industries are the largest industries 
in Malaysia so there were more than 3.79 
million hectares of land, occupying more 
than one-third of the total cultivated areas 
and 11% of the total land area, under palm 
oil cultivation in Malaysia in the year 2003. 
Malaysia produces a large amount of palm oil 
every year and resulting into production of 
more than 13 million tons of crude palm oil 
yearly also its cover 11% of Malaysian land for 
plantation area. The POME contains high COD, 
high BOD, soluble materials, some gases such 
as CH4, S02 and NH3. It also contain halogens, 
low pH (acidic), large amount of solid, high 
oil and grease, it is hot, brownish colloidal 
suspension contain high concentration of 
organic matters and contain N, P, K, Mg, Ca, 
Al with low concentration of Pb that can 
cause a pollution if it is discharging without 
proper treatment. An average of about 53 
million m3 POME is being produced per year 
in Malaysia. Therefore we need to treat this 
wastewater. For this experiment, the approach 
to treat POME that will be by using the 
wetland system. This wetland system is more 

compatible as compare to other system to 
treat the POME final discharge since it is more 
cost effective and less side effects as compared 
to the biological and chemical approach.  

Oil palm mesocarp fiber (OPMF) is one of the 
massive biomass generated from oil palm 
production. It is estimated that the palm oil 
production increased from 8.5 million tons in 
2000 to 10.5 million tons in 2010. Therefore a 
research on utilization of this biomass should 
be undertaken. OPMF is lignocellulosic material 
that consists mainly three polymers; cellulose 
(20-50%), hemicelluloses (20-40%), and 
lignin (10-28%). Different sources of biomass 
were used to produce xylooligosaccharides 
such as corn cobs, sugarcane bagasse, and 
eucalyptus globulus wood. Pretreatment is 
one of the methods carried out to obtain 
xylooligosaccharides (XOs) from biomass. In 
this study, hydrothermal pretreatment was 
performed on OPMF as a substrate to obtain 
XOs and biosugars from the hydrolysis of 
hemicellulose. Hydrothermal pretreatment is 
considered the method of choice since it uses 
only water that acts as a catalyst. Furthermore, 
it is greener approach method, which is eco-
friendly to the environment because no 
addition of chemicals in the pretreatment 
reaction. There are many applications of XOs in 
the food related product, health and medicinal 
industry such as prebiotic, anti-obesity diets 
and ripening agent. 

Figure 1. Sand bath reactor for hydrothermal process
Figure 3. EDX analysis for morphological 

characteristics

Figure 2. HPLC for analysis

Figure 1. Using Dissolved Oxygen meter

Figure 2. Wetland 
system in biorefinery

Figure 3. Sampling 
water from wetland 

system
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Biobutanol production through simultaneous saccharification and 
fermentation from oil palm empty fruit bunch

Effect of physico-chemical and biological pretreatment of oil palm 
biomass for fermentable sugars production 

Biobutanol has become one of the potential 
biofuels that serve as an alternative to 
fossil fuels. Biobutanol production has been 
successfully conducted through simultaneous 
saccharification and fermentation (SSF) 
using oil palm empty fruit bunch (OPEFB). 
OPEFB is one of the low cost lignocellulosic 
biomass, with high cellulose and hemicellulose 
content which can be saccharified into 
sugars by cellulase enzymes. The sugars 
are subsequently fermented by Clostridium 
acetobutylicum ATCC 824 into biobutanol. The 
SSF process involves the one-step addition 
of Clostridia species, cellulase enzymes and 
OPEFB in a vessel. The SSF process generates 
biobutanol yield that is comparable with the 
separate hydrolysis and fermentation (SHF) 
with improvements in the terms of reducing 
steps in the OPEFB conversion to biobutanol. 
However, the SSF process needs to undergo 
optimisation to increase the biobutanol 
production and scale-up of the process is on-
going. 

Oil palm empty fruit bunch (OPEFB) and oil 
palm mesocarp fiber (OPMF) are lignocellulosic 
biomass wastes that abundantly generated 
in palm oil mills which provides potential 
bioresouces for the conversion into value added 
products such as biosugars. The presence of 
hemicelluloses and lignin hinders the access of 
cellulose thus resulting in low efficiency of the 
hydrolysis. Effective pretreatments are needed 
to reduce the recalcitrance of lignocellulosic 
structures to improve fermentable sugars 
production. This study proposes an 
environmental approach by combining of 
superheated steam (SHS) pretreatment and 
biological pretreatment (laccase) of OPEFB 
and OPMF to improve fermentable sugar 
production. SHS is expected to open up the 
structure by solubilise the hemicelluloses 
so that the laccase can accessible attack the 
lignin structure. It loosened the compact 
wrap of lignin carbohydrate complex and 
consequently enhances saccharification 
efficiency of cellulose. Further improvement 
on the combination process is expected to 
enhance fermentable sugars production.

Figure 1. Superheated steam oven

Figure 2. Fermentable sugar after 48 hours 
saccharification

Figure 3. Pretreated OPMF using superheated steam

Figure 1. Fermentation of simultaneous 
saccharification and fermentation for biobutanol 
production

Figure 2. Simple experimental design of biobutanol production from oil palm empty fruit bunch
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Essential oil from pineapple peels 

Surfactant production from used cooking oil 

The pineapple industry produces a substantial 
amount of solid waste like peels, cores, stems, 
crowns and pulp. Pineapple waste disposal can 
cause to microbial spoilage and environmental 
problems due to the waste material containing 
high moisture and sugar content. Utilization 
of pineapple waste, focusing on the peels, 
to produce a high value added product of 
essential oil is a good option. However, 
there is no suitable extraction method of 
essential oil from pineapple peel has been 
reported. Therefore, this study aims to select 
green methods with no chemical involve for 
extraction of essential oil from pineapple 
peels. Three methods used in the study were 
(1) hydro-distillation (HD), (2) hydro-distillation 
with enzyme-assisted pretreatment (HDEA) 
and (3) supercritical fluid extraction (SFE). The 
aromatic compounds of the obtained essential 
oil are analyzed using GC-MS. Moreover, upon 
completion of the extraction, the sample’s cell 
walls are observed under Scanning Electron 
Microscopy (SEM). Overall, this study will be 
selecting a suitable method for extraction of 
essential oil from pineapple peels, indirectly, 

promoting a proper way for pineapple waste 
management by producing a high value added 
product.

The biosurfactants or microbial surfactants 
have gained attention because of their 
biodegradability, low toxicity, and ecological 
acceptability compared to chemical 
surfactants. Biosurfactants spontaneous 
release and function are often related to 
hydrocarbon uptake; therefore, they are 
predominantly synthesized by hydrocarbon-
degrading microorganisms. Used cooking 
oil is an excellent candidate as substrate for 
the biotransformation into biosurfactants 
because it is cheap and renewable 
hydrocarbon source. Thus it can reduce the 
total production cost as well as minimizing 
the oil pollution in the environment. In 
this study, the production of biosurfactant 
from used cooking oil by biosurfactant-
producing microorganisms is conducted. 
The characterization of biosurfactant such 
as the effect of temperature, pH, and salt 
content on the stability of biosurfactant is 
determined. This step is vital as environmental 
factors are extremely important in the yield 
and quality of the biosurfactant produced in 
terms of surface tension, interfacial tension, 
and emulsification index. Further step is to 
evaluate the capability of the biosurfactant 
and its ability on enhancing removal of heavy 

metals in the water systems contaminated 
with heavy metals. As a conclusion, the 
present study suggests a promising alternative 
to alleviate heavy metals in the environments 
as well as recycling used cooking oil through 
the production of biosurfactant.

Figure 1. Production of biosurfactant in incubator 
shaker by local isolate 

Figure 3. Raw 
biosurfactant was 

dried using a rotary 
evaporator prior to 

purification 

Figure 2. Biosurfactant 
precipitates in acidic 
condition

Figure 1. Pineapple Peels collected at Ladang Nenas 
Sg Telur, Johor

Figure 2. Schematic diagram of 
SC-CO2 extraction apparatus 
(DEVEN Supercritical, Pvt Ltd, 
India

Figure 3. Substrate 
pretreatment using 
cellulase enzyme 
prior to hydro-
distillation

Master Student

Master Student
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new registered students

Name  : Abubakar Abdullahi Lawal
Program : PhD 
Supervisor : Prof. Dr. Mohd Ali Hassan
Research Title : One-step CO2 enhanced steam activation for activated biochar
  production

Name  :  Chin Kok On
Program :  Master 
Supervisor :  Prof. Dr. Mohd Ali Hassan
Research Title :  Extraction of tocotrienols from OPMF

Name  :  Erwan Syah Tugiman
Program :  Master 
Supervisor :  Prof. Dr. Mohd Ali Hassan
Research Title :  Biochar as organic soil amendment as alternate fertilizer

Name  :  Nurul Atiqah Osman
Program :  Master 
Supervisor :  Dr. Ahmad Muhaimin Roslan
Research Title :  Biobutanol production from non-food biosugar

Name  :  Nur Aina Natasha Mohd Asmadi
Program :  Master 
Supervisor :  Dr. Mohd Rafein Zakaria
Research Title :  Biosurfactant production from empty fruit bunch pressed oil
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Alumni  2017

Dr. Nur Ain Zamzuri

Title of Project: One-step 
biotransformation of ferulic 
acid into biovanilin by 
recombinant Escherichia coli

Former Supervisor: 
Prof. Dr. Suraini Abd Aziz

Mohammed Abdillah 
Ahmad Farid

Title of Project: Utilization 
of Biomass-Derived 
Activated Carbon as Catalyst 
Support and Bio-Adsorbent 
in Biodiesel Production 
using Waste Cooking Oil as 
Feedstock

Former Supervisor:
Prof. Dr. Mohd Ali Hassan

Zulnaim Dzulkarnain

Title of Project: Co-
composting of municipal 
sewage sludge and 
landscaping waste by 
pilot plant scale and the 
application of compost to an 
ornamental plant, Tagetes 
erecta

Former Supervisor: 
Prof. Dr. Mohd Ali Hassan

Iffah Nabilah Mohd Ariff

Title of Project: Production 
of cellulolytic enzymes via 
solid state fermentation of 
spent mushroom substrate by 
Trichoderma asperellum UPM 1

Former Supervisor: 
Prof. Dr. Suraini Abd Aziz

Dr. Dhurga Devi 
Rajaratnam

Title of Project: Controlled 
depolymerisation of poly 
(3-hydroxybutyrate-co-
3-hydroxyhaxenoate) by 
superheated steam for 
oligoester production

Former Supervisor:
Assoc. Prof. Dr. Hidayah 
Ariffin

Muhammad Nazmir 
Mohd Warid

Title of Project: Optimization 
of oil palm biomass 
superheated steam 
treatment improving 
fiber characteristics and 
biocomposite performance

Former Supervisor:
Assoc. Prof. Dr. Hidayah 
Ariffin

Aisyah Zulkarnain

Title of Project: Alkaline 
hydrolysate of oil palm empty 
fruit bunch as potential 
substrate for biovanilin 
production via two-step 
bioconversion

Former Supervisor: 
Prof. Dr. Suraini Abd Aziz

Siti Suhailah Sharuddin

Title of Project: Assessment 
of Physicochemical and 
Community Profiles in 
Bacterial Ecology of Palm Oil 
Mill Effluent Final Discharge 
and Polluted River Water

Former Supervisor: 
Dr. Norhayati Ramli
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L IST  OF  ALUMNI  (2011-2016)
Year  Alumni Current work place Current position Highest qualification 

with EB group Former supervisor

2011

Dr. Tabassum Mumtaz  IFRB , Bangladesh
Principal Scientific 

Officer
PhD Prof. Dr. Mohd Ali Hassan

Lim Siong Hock Self Employed Self Employed MSc Prof. Dr. Mohd Ali Hassan

Farah Nadia Omar UPM, Selangor PhD Student MSc
Assoc. Prof. Dr. Nor'Aini Abdul 

Rahman

Halimatun Saadiah Hafid UPM, Selangor PhD Student MSc
Assoc. Prof. Dr. Nor'Aini Abdul 

Rahman

Isnazunita Ismail SIRIM Berhad, Shah Alam, Selangor General Manager MSc Prof. Dr. Suraini Abd Aziz

Dr. Nazlina Haiza Mohd Yasin UKM, Selangor Postdoctoral Researcher MSc
Assoc. Prof. Dr. Nor'Aini Abdul 

Rahman

Nurul Kartini Abu Bakar MTDC, Kuala Lumpur
Acting Head, Processing 

TAF/CRDF Unit
MSc Prof. Dr. Suraini Abd Aziz

2012

Dr. Norhayati Ramli UPM, Selangor Senior Lecturer PhD Prof. Dr. Suraini Abd Aziz

Dr. Nurul Asyifah Mustapha KYUTECH, Japan Postdoctoral Researcher MSc Prof. Dr. Suraini Abd Aziz

Dr. Mitra Mohammadi
Khedgarayan Mohatar Institute of Higher 

Education
Assistant Professor PhD Prof. Dr. Mohd Ali Hassan

Mohd Najib Ahmad MPOB, Selangor Research Officer MSc Prof. Dr. Mohd Ali Hassan

Dr. Mohd Rafein Zakaria UPM, Selangor Senior Lecturer MSc Prof. Dr. Mohd Ali Hassan

Dr. Ahmad Amiruddin Mohd Ali KYUTECH, Japan Postdoctoral Researcher PhD Prof. Dr. Yoshihito Shirai

2013

Dr. Mior Ahmad Khushairi Mohd Zahari UMP, Pahang Senior Lecturer PhD Prof. Dr. Mohd Ali Hassan

Dr. Mohamad Faizal Ibrahim UPM, Selangor Senior Lecturer PhD Prof. Dr. Suraini Abd Aziz

Dr. Ezyana Kamal Bahrin UPM, Selangor Senior Lecturer PhD Prof. Dr. Suraini Abd Aziz

Fairouz Jahaan Mohd Aanifah MQA, Selangor Assistant Director MSc Prof. Dr. Suraini Abd Aziz

Siren Linggang Dept of Agriculture Sarawak, Sarawak Research Officer MSc Prof. Dr. Suraini Abd Aziz

2014

Dr. Saleha Samsudin UniMAP, Perlis Senior Lecturer PhD Prof. Dr. Mohd Ali Hassan

Dr. Nor Asma’ Abdul Razak UPM, Selangor Research Officer PhD Prof. Dr. Mohd Ali Hassan

Mohamad Nafis Abdul Razak Johor Bahru District Office, Johor Admin Executive MSc Prof. Dr. Suraini Abd Aziz

Sheril Norliana Suhaimi Segi University Kota Damansara, Selangor Junior Lecturer MSc Assoc. Prof. Dr. Phang Lai Yee

Dr. Ahmad Muhaimin Roslan UPM, Selangor Senior Lecturer PhD Prof. Dr. Yoshihito Shirai

Mohd Azwan Jenol UPM, Selangor PhD student MSc Prof. Dr. Suraini Abd Aziz

Nur Amelia Azreen Adnan Monash University Malaysia, Selangor Research Assistant MSc Assoc. Prof. Dr. Phang Lai Yee

2015

Dr. Dayang Salwani Awang Adeni UNIMAS, Sarawak Senior Lecturer PhD Prof. Dr. Suraini Abd Aziz

Dr. Juferi Idris UiTM, Sarawak Senior Lecturer PhD  Prof. Dr. Mohd Ali Hassan

Dr. Mohd Huzairi Mohd Zainudin UPM, Selangor Research Officer PhD  Prof. Dr. Mohd Ali Hassan

Dr. Sharifah Soplah Syed Abdullah UniKL, Malacca Senior Lecturer PhD Prof. Dr. Yoshihito Shirai

Che Mohd Hakiman Che Maail Biosyntech Sdn Bhd, Selangor Sales Executive MSc Assoc. Prof. Dr. Hidayah Ariffin

Nur Falia Shazana Manja Farid Lynas Malaysia Sdn Bhd Lab Analysts MSc Assoc. Prof. Dr. Hidayah Ariffin

Mohd Rahimi Zakaria @ Mamat Malaysia Rubber Board, Selangor Research Officer MSc Assoc. Prof. Dr. Hidayah Ariffin

2016

Izzudin Ibrahim UPM, Selangor Research Assistant MSc Prof. Dr. Mohd Ali Hassan

Rozaimi Abu Samah UMP, Pahang Senior Lecturer PhD Prof. Dr. Suraini Abd Aziz

Nur Sharmila Sharip UPM, Selangor PhD Student MSc Assoc. Prof. Dr. Hidayah Ariffin

Mohd Ridzuan Othman UPM, Selangor. Science Officer MSc Prof. Dr. Mohd Ali Hassan

Dr. Zuraidah Zanirun Self employed Self employed PhD Prof. Dr. Suraini Abd Aziz

Dr. Noor Ida Amalina Adamad Nordin UMP, Pahang Senior Lecturer PhD Assoc. Prof Dr Hidayah Ariffin
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Shahrakbah Yacob (D.Eng.) currently is Head of 
Minamas R&D center.  His main role is to conduct 
plantation agricultural research on oil palm and 
rubber, and to provide support services to Minamas 
Plantation, Indonesia.

He obtained his BSc. Biotechnology from Universiti 
Pertanian Malaysia back in 1995. Later pursued his 
post-graduate study at the University of Canberra, 
Australia and was honoured with Master of Applied 
Sciences (1997). Dr. Shahrakbah graduated from 
Kyushu Institute Technology (Kyutech), Japan 
in 2005 under supervision of Prof. Dr. Yoshihito 
Shirai and Prof. Dr. Mohd Ali Hassan. He played 
a key role in setting up the first semi-commercial 
biogas pilot plant for FELDA under the joint 
research collaboration “Utilization of Biogas and 
Biomass for New Bioproducts” between UPM–
FELDA–Kyutech. From 2000 until 2006 he was 
a lecturer at the Department of Biotechnology, 
UPM before changing his career path towards 
industrial practices by joining Applied Agricultural 
Research Sdn. Bhd as an agronomist. In 2011 
he joined Sime Darby Plantation Berhad as Vice 
President/Principal Agronomist and led a group 
of agronomists/scientists in the fields of rubber, 
soils/water management, precision agriculture 
and sustainability. Recently, he has been entrusted 
with a bigger responsibility as Head of R&D for 
Minamas Plantation based in Indonesia.He has 
travelled vastly to various part of the globe, 
namely Africa, South America, and Asia-Oceanic 
in realising the vision of Sime Darby Plantation in 
delivering sustainable future. Deeply ingrained as 
his motto “Berilmu Berbakti” (With Knowledge We 
Serve), Dr. Shahrakbah continues to engage local 
and international multistakeholders and to create 
awareness in various fields of science among 
them are soils science, agronomy, environment 
and sustainability. His passion in discovering new 
knowledge via research activities continues and 
regularly appears in scientific forum to share/
exchange new findings.

We are proud to have Dr. Shahrakbah as one of EB 
group Alumni and wishing him all the best in his 
career ahead.

Dr. Shahrakbah Yacob

eb alumni  wall of  fame
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eb  2017 in  p ictures
2 February 2017, Visit from Majlis Bandaraya Melaka, Biorefinery Complex, UPM

8-9 March 2017, UPM-Kyutech Joint Seminar, Biotech 1, FBSB, UPM

28 March 2017, International SATREPS Workshop, Kota Kinabalu, Sabah

2 Mac 2017, Launching Ceremony of Used Cooking Oil Collection, Biorefinery Complex, UPM

20 March 2017, SATREPS Seminar, D’Saji KL Titiwangsa, Kuala Lumpur
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eb  2017 in  p ictures
30 March-3 April 2017, EB Retreat Sabah, Kota Kinabalu & Kundasang, Sabah

10 April 2017, Signing Ceremony of MOA between UPM
& Kyutech, Kyutech, Japan

17 April 2017, Visit from Biofuel Section, Ministry of 
Plantation Industries & Commodities (MPIC), MPOB and 
CIMB, Biorefinery Complex, UPM

4 May 2017, Joint Coordination Committee (JCC) Meeting, 
Biorefinery Complex, UPM

5 May 2017, Visit from Mitsubishi Material, 
Japan, Biorefinery Complex, UPM
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eb  2017 in  p ictures eb 2017 in  p ictures
9 May 2017, Visit from Ketua Setiausaha Negara (KSN), Biorefinery Complex, UPM

13 July 2017, EB Raya, Biorefinery Complex, UPM 

23 August 2017, Visit from Sekolah Menengah Sains Hulu 
Selangor, Biorefinery Complex, UPM

17 July 2017, Visit from Universitas 
Indonesia, Biorefinery Complex, UPM
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eb  2017 in  p ictures
12 September 2017, Visit from Sabak Bernam Polytechnic, 
Biorefinery Complex, UPM

14-15 November 2017, International Symposium on 
Applied Engineering and Sciences (SAES2017)

Research Attachment at Kyutech, Japan

22-23 November 
2017, Wood and 
Biofiber International 
Conference 2017 
(WOBIC2017)






