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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the Doctor of Philosophy

EVALUATION OF PROCESS PERFORMANCE AND MICROBIAL PROFILE
OF HOUSEHOLD FOOD WASTE ANAEROBIC DIGESTION

By

NURULJANNAH KHAIRUDDIN

December 2018

Chair : Assoc. Prof. Latifah Abd Manaf, PhD
Faculty : Environmental Studies

Interest in household food waste treatment has increased in recent years due to
the growing rate of its generation. In spite of the renewed attention on anaerobic
digestion of household food waste, process stability is always becoming a concern
among the practitioners. Moreover, anaerobic digestion performance at steady-
state and the comprehensive characterizations of microbial community from wet
to dry technologies were not compared in parallel. The main focus of this research
work was to evaluate the process performance and microbial profile on household
food waste anaerobic digestion. Biochemical methane potential (BMP) assays
was conducted to access the suitability and feasibility of the substrate with different
total solid (TS) content in 1 L reactor. The reactor were labelled as BMP.5 (5%
TS), BMP.10 (10% TS) and BMP.15 (15% TS). Batch and semi-continuous
experiments were conducted to evaluate and compare their process performance
with TS content ranged 5 — 15%. Batch reactor (200 L) were labelled as B.5, B.10
and B.15 and semi-continuous reactor (10 L) were labelled as C.5, C.10 and C.15
for TS 5%, 10% and 15%, respectively. Co-digestion (1 L) was carried out to
improve batch system with higher total solid contents (20 — 25% TS). All reactors
configuration utilized in this study is employed in triplicate. Finally, microbial study
utilizing lllumina next generation sequencing on steady-state of each anaerobic
reactor was conducted. BMP.15 obtained the highest methane (CHa) yield (409
mL CHa4/g VS) and mass reduction (75.4 — 78.3%). Better performance on volatile
solid reduction (85.6%) and soluble chemical oxygen demand removal (77%) was
seen in C.15. Higher methane production (425 mL CHa4/g VS) was obtained from
B.15. Approximately 3-folds increase in TS contents from 5 — 15%, the average of
volatile solid (VS) reduction increased 2-folds (from 33% to 63%) for batch reactor
while semi-continuous reactor reached 80 — 86% of reduction. The average
methane yield increased 4-folds (240.4 — 425.0 mL CH4/g VS) in batch reactor and
1.8-folds (269.5 — 347.8 mL CHa/g VS) in semi-continuous reactor (p <0.05). In
co-digestion experiments higher TS content from 20% to 25% were evaluated.
The results revealed that by increasing TS concentration, the methane production



improved 1.5-fold from mono-digestion. Highest methane production (475 mL
CH4/g VS) was obtained in co-digestion reactor with 25% TS. Co-digestion had
synergistic effect on methane production with the highest level of synergy (a =
1.61 - 2.14). lllumina MiSeq data showed significant shift of bacterial communities
and that the phyla included Bacteroidetes, Firmicutes, Synergistetes and
Chloroflexi. The relative abundance of phylum Bacteroidetes increased while
Chloroflexi decreased at increasing TS content from 5% to 25%. Methanosarcina
were abundant and dominant during the steady-state of anaerobic digestion at
higher solid content in the reactor. Methanomicrobiales were mostly dominant in
reactor working with lower solid content. In summary, a higher cumulative
methane yield and better performances in terms of solid and mass organic
reduction were achieved at higher TS content of AD. These findings also revealed
the influenced of TS contents (p <0.01) on the behavior of the microbial community
involved in anaerobic digestion of household food waste.

Keywords: High Solid Anaerobic Digestion; Household Food Waste; lllumina
Sequencing; Low Solid Anaerobic Digestion; Next Generation Sequencing.
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Keprihatinan merawat sisa makanan isi rumah telah meningkat sejak
kebelakangan ini disebabkan oleh pembuangan sisa tersebut semakin
bertambah. Walaupun terdapat pertambahan aplikasi pencernaan anaerobik
terhadap sisa makanan, memastikan kestabilan teknologi ini masih lagi menjadi
isu di kalangan pengamalnya. Selain itu, prestasi pencernaan anaerobik pada
keadaan stabil dan pencirian terhadap komuniti mikrob dari teknologi basah ke
kering tidak dibandingkan secara selari. Objektif utama kajian ini adalah untuk
menilai prestasi proses dan profil mikrob pada pencernaan anaerobik sisa
makanan isi rumah. Ujian “biochemical methane potential” (BMP) dilakukan
untuk mengkaji kesesuaian substrat dengan mengunakan kandungan pepejal
yang berbeza (TS) di dalam reaktor 1 L. Reaktor dilabel sebagai BMP.5 (5% TS),
BMP.10 (10% TS) dan BMP.15 (15% TS). Eksperimen “batch” dan “semi-
continuous” telah dijalankan untuk menilai dan membandingkan prestasi proses
dengan kandungan pepejal TS 5 — 15%. Reaktor “batch” (200 L) dilabel sebagai
B.5, B.10 dan B.15 dan reaktor “semi-continuous” (10 L) dilabelkan sebagai C.5,
C.10 dan C.15 untuk TS 5%, 10% dan 15%. Eksperimen “co-digestion” (1 L)
dijalankan untuk memperbaiki sistem “batch” dengan kandungan pepejal yang
lebih tinggi (20 — 25% TS). Konfigurasi reaktor untuk setiap eksperimen diulang-
kaji sebanyak tiga kali. Akhir sekali, kajian mikrob menggunakan lllumina
penjujukan gen pada keadaan stabil bagi setiap reaktor anaerobik telah
dijalankan. Dari kajian ini, didapati bahawa, BMP.15 memperoleh hasil metana
tertinggi (CH4) (409 mL CH4/gVS) dan pengurangan jisim pepejal (75.4 — 78.3%).
Prestasi yang lebih baik terhadap pengurangan jisim pepejal (85.6%) dan
penyingkiran “soluble chemical oxygen demand” (77%) dapat dilihat berlaku
pada reaktor C.15. Pengeluaran metana yang lebih tinggi (425 mL CH4/gVS)
diperoleh dari B.15. Kira-kira 3 kali ganda peningkatan kandungan TS dari 5
hingga 15%, purata pengurangan pepejal pepejal meningkat 2 kali ganda (dari
33% hingga 63%) untuk reaktor “batch” manakala reaktor “semi-continuous”
mencapai 80 — 86% pengurangan. Hasil metana purata meningkat 4 kali ganda
(240.4 — 425 mL CHa4/gVS) dalam reaktor “batch” dan 1.8 kali ganda (269.5 —



347.8 mL CH4/gVS) dalam reaktor “semi-continuous” (p <0.05). Prestasi
pencernaan dengan kandungan TS yang lebih tinggi 20 — 25% dinilai. Hasilnya
menunjukkan bahawa dengan meningkatkan kepekatan TS dari 20% hingga
25%, pengeluaran metana bertambah 1.5 kali ganda daripada “mono-digestion”.
Pengeluaran metana paling tinggi (475 mL CHa4/gVS) diperolehi dalam reaktor
pencernaan bersama dengan 25% TS. Tambahan pula, “co-digestion”
mempunyai kesan sinergistik terhadap pengeluaran metana (a=1.61- 2.14).
Data lllumina MiSeq menunjukkan peralihan ketara komuniti bakteria termasuk
Bacteroidetes, Firmicutes, Synergistetes dan Chloroflexi. Kelimpahan relatif
Bacteroidetes meningkat sementara Chloroflexi menurun pada peningkatan
kandungan TS dari 5% hingga 25%. Methanosarcina dominan didapati dalam
keadaan stabil semasa pencernaan anaerobik pada kandungan pepejal yang
lebih tinggi. Methanomicrobiales pula dominan didapati dalam reaktor dengan
kandungan pepejal yang lebih rendah. Secara ringkasnya, hasil metana
kumulatif yang lebih tinggi dan prestasi proses yang lebih baik dari segi
pengurangan organik dan jisim pepejal dicapai di dalam reactor yang
mempunyai kandungan TS yang lebih tinggi. Penemuan ini juga mendedahkan
pengaruh kandungan TS (p <0.01) kepada tingkah laku komuniti mikrob yang
terlibat dalam pencernaan anaerobik sisa makanan isi rumah.

Kata kunci: Pencernaan Anaerobik Pepejal Tinggi; Sisa Makanan Rumah;
lllumina Sequencing; Pencernaan Anaerobik Pepejal yang Rendah; Illumina
Penjujukan Gen.
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CHAPTER 1

INTRODUCTION

11 Background of Study

Nowadays, the accumulation of food waste (FW) has eventually become a global
issues (Capson-Tojo et al., 2016). In Malaysia, FW is the largest component of
municipal solid waste (MSW) stream, approximately 44.5% and is still increasing
(Ministry of Urban Wellbeing Housing and Local Government, 2016). According
to Jabatan Pengurusan Sisa Pepejal Negara (JPSPN, 2013), FW generated was
1.38 kg/capita/day per person in Malaysia. The total of daily FW production from
household level is about 9, 685 metric tonnes and reduced to 8, 492 metric
tonnes as the FW moves along the transportation routes from household to the
disposal site (JPSPN, 2013).

This situation occurred due to the fact that FW contained high moisture content
approximately 55% enhances the rapid degradation of the organic materials
encouraged the production of leachate. Nayathinka et al. (2018), defined
leachate as any contaminated liquid effluent that percolated through a solid such
as FW and leached out of some of the organic constituents. Hence,
indiscriminate decomposition of household FW contribute to larger
contamination of land, water, air and public nuisance when leachate penetrates
to the environment.

Anaerobic digestion (AD) is the most attractive and cost-effective technology for
treating sorted organic fraction of MSW (OFMSW), especially FW (Braguglia et
al., 2016). Various AD processes have been widely developed in many countries
as FW treatment (Cho et al., 2013; Arlunbatar et al., 2014; Fisgativa et al., 2016).
So far, two main types of AD technologies have been developed according
organic loads concentration in terms of total solids (TS) content of the feedstock;
low solid-AD (LS-AD) also known as conventional wet (£10% TS) and high solid-
AD (HS-AD) and modern dry (210% TS) technology (Angelonidi and Smith,
2015). Higher TS content in anaerobic reactor promote higher organic removal
which determines the treatment capacity and efficiency (Karthikeyan and
Visvanathan, 2013).

On the other hand, according to Mata-Alvarez et al. (2014), anaerobic co-
digestion is the simultaneous digestion of two or more substrates, a preferable
option to improve reactor stability and AD performance. Banks et al. (2011)
recommended on-farm co-digestion of dairy waste and source sorted FW as the
most effective method of making FW economically viable. Moreover. In addition
to the high methane production per unit volume of reactor, co-digestion can
offers many other advantages such as dilution of inhibitory substances, nutrient
balance, and accomplishment of the required moisture contents in the reactor



feed, reducing the emission of greenhouse gases to the atmosphere, synergetic
effects of microorganisms and increasing the load of biodegradable organic
matter (EI-Mashad and Zhang, 2010; Zhang et al., 2012).

Anaerobic Digestion (AD) is a multi-stage biochemical process including
hydrolysis, acidogenesis, acetogenesic and methanogenesis. The microbial
communities are different at each of the stage and play different role of function
during the degradation process. According to Wang et al. (2017) there are 50
kinds of bacteria in hydrolysis and acidogenesis such as Clostridium,
Bacteroidetes and Bacillus. Whereas, methanogen has been found 65 kinds of
species belonging to 3 orders, 7 families and 19 genus considered as archaea
group.  Methanobacterium, Methanococcus, Methanomicrobium  and
Methanosarcina are the main archaea responsible for methane production in AD
(Imachi et al., 2007; Nielsen et al., 2007). lllumina sequencing, as a next
generation sequencing has gained increasing attention as a novel tool for
studying microbial diversity. Currently, this technology has been widely and
successfully used to characterize the microbial communities and structures in
various environmental samples.

1.2 Problem Statement

There are four elements of problem statement addressing the gaps in this study
as depicted in Figure 1.1. Firstly, in spite of growing interest and attention on
anaerobic digestion (AD) of household food waste (FW), process instability is
always becoming a concern among the AD practitioners. AD of household FW
is a complicated treatment process due to its homogeneity and the
characteristics of household FW leads the anaerobic reactors inefficiency.
Secondly, process instability is serious limitation to AD system caused from
several inhibitor factors. According to Chuimenti et al. (2018), in order to maintain
process stability, the anaerobic reactor is always operated with low organic
loading rate (OLR) from 1 — 4 g VS/L/d with lower solid contents (TS <5%) or
increase the hydraulic retention time (HRT). However, these resulting sloppy the
process performance in terms of biogas production and material recovery.
Moreover, treating FW from household level with low solid concentration is
inefficient and uneconomical.
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Figure 1.1 : Problem Statements of the Study

Thirdly, anaerobic co-digestion exhibits better process efficiency than the mono-
digestion by offering complementary benefits such as better yield, nutrient
availability, lower feed volume, substrate variability, toxicity dilution and
synergism. However there are more challenges in improving the feasibility and
suitability of this technology. A better understanding on co-digestion of FW with
other organic waste such as cattle slurry will pave the way for a more efficient
and sustainable mass and energy recovery.

Finally, understanding anaerobic microbiome is necessary to identify microbial-
based indicators. Although microbial indicators cannot be detected as quickly as
process parameters due to limitations of monitoring techniques, it is recognized
that fluctuations in process parameters and AD performance are the results of
microbial succession due to inhibitors and environmental stress (Lebuhn et al.,
2015). Thus, changes and shifts in microbial community as reactor alarming
indicators will occur earlier than changes in process parameters. However, the
microbial diversity and the shifts of microbial during the process are still remains
uncertain. Furthermore, the available literature is simply on about AD
performance comparisons (Banks et al., 2011; Scano et al., 2014; Choong et al.,
2016; Kopsahelis et al., 2018). Moreover, the AD performance at steady-state
and the comprehensive characterizations of microbial community in AD of
household FW from high to low solids (wet and dry technologies) were not
compared in parallel.



1.3 Research Objectives

The general objective of this study is to investigate the process performance and
microbial activity on anaerobic digestion (AD) of household food waste (FW).
The specific objectives of this study are as follow:

1. To analyse the fractional, characteristics and feasibility of household FW
as sole substrate in anaerobic digestion.
2. To examine the relationship between increasing organic loads

concentrations (TS content) for maximum operation in different
anaerobic digestion feeding modes.

3. To investigate the effects and synergism of improved anaerobic
conversion by co-digestion of household FW with other organic waste
(cattle slurry).

4. To elucidate the microbial structure and function during the steady-state
of anaerobic digestion reactors.

1.4 Scope of Study

This research work comprises with four research scopes as described in Figure
1.2. Firstly, involves the characterisations work on compositions and
fractionations analysis. Begun with the collection of food waste (FW) from
household within one month operation, the samples was then sorted and
characterized based on its major constituents (Agamuthu et al., 2012). The
characterisation work evaluates household FW characteristics (cooked rice, fruit
and vegetable residues, animal fats and others), biofibre contents such as
soluble, cellulose, hemicellulose and lignin, material composition such as total
solid (TS), volatile solid (VS) and elemental analysis (carbon, hydrogen, oxygen,
nitrogen and sulphur). These assessments is to evaluate the feasibility and
suitability household FW as substrate. Next, 1.0 L biochemical methane potential
(BMP) assays were conducted to investigate the potential of household FW in
anaerobic digestion (AD) in term of methane production potential and solid mass
and organic reduction aspects such as Soluble-COD (SCOD) and VS removal.
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The second scope is to access the impact of different TS contents on low solid
anaerobic digestion (LS-AD) and high solid anaerobic digestion (HS-AD) in
different anaerobic reactor feeding modes. LS-AD operates at <5% TS; while
HS-AD works at 210% TS. Considering 200.0 L batch and 10.0 L semi-
continuous reactor operations, the effect of the feeding modes and dilution on
AD of household FW was evaluated to study the process stability and steady-
state conditions at various TS contents (5%, 10% and 15%). All the operational
parameters (pH, VFA patterns, SCOD and VS removal) and the performance
(methane production and organic load reduction) of the AD were compared using
statistical means and interpretations.

The third attempts is improving and enhance the performance of HS-AD process
through 1.0 L batch co-digestion technology. Moreover, the study also pays
attention on synergistic effect of the co-digestion considering the energy
recovery and mass balance evaluations. Cattle slurry (CS) was utilized as co-
substrate with household FW combining feedstock which can increase organic
loads concentrations and improve performance relative refer to mono-digestion
by diluting the inhibitory compound such as volatile fatty acids (VFA) and
providing macronutrient and micronutrient to the system. The principal objective
of this study is to access the key biodegradability in term of organic reduction
and methane production from the impacts on higher TS concentrations (20 —
25% TS) in co-digestion at thermophilic conditions.

Finally, the last scope of study is on the microbiology of AD treating household
FW during the steady-state of the system. With the respect to different anaerobic
experimental design, this study unravels the microbial succession during the
steady-state of AD using modern lllumina Next Generation Sequencing (NGS)
Technology.

1.5 Significance of Study

Knowing the fact that, household food waste (FW) characterisation is suitable for
potential feedstock in anaerobic digestion (AD), many researches on AD of FW
has getting interest globally. Despite that, in Malaysia AD of FW is still at the
stage of development compared to treating other organic waste that has been
establish in Malaysia such as AD of palm oil or animal manure. However, these
experiences cannot be directly applied to AD of household FW. Especially, due
to the complex composition of FW on its rheological properties is different from
other organic waste such as palm oil waste and animal manure. Food waste from
household level has commonly lower pH (pH = 4 — 6) while palm oil and animal
manure have higher pH (pH = 7 — 8) which is suitable for maintaining the
optimum AD (pH = 7.2). In order to maintain the stable operation, the anaerobic
reactor treating FW especially from household usually operated at low organic
loading concentrations (Tampio et al., 2014). Hence in order to increase the
efficiency on AD of household FW, this study provide an insight of AD working
on different organic loads concentration in terms of total solids (TS) content.



Despite that, AD of household FW often encounters some drawbacks such as
low initial pH. Addition of chemicals such as calcium carbonate (CaCQs3) or
sodium hydroxide (NaOH) is unsuitable as the chemical compound can damage
the rheological properties of household FW although the pH in the system are at
optimum range (7 — 7.2). Consequently, denatured the microbial communities
finally, halt the AD process. To overcome the deficiencies of mono-digestion, co-
digestion the simultaneous AD of household FW with other organic wastes was
developed to improve the operational stability in terms of buffering capacity. This
study employed cattle slurry as co-substrate with household FW combining
substrate can increase organic loads concentrations and improve performance
relative refer to mono-digestion by diluting the inhibitory compound such as
volatile fatty acids (VFA) and providing macronutrient and micronutrient to the
system which beneficial to produce better soil amendment or fertiliser from
digestate.

Since the process is a series of biochemical reactions conducted by various
types of microorganism, it is believed that the performance of AD of FW is directly
related to the functional group of microbes. This study unravels microbial
communities and structures during the steady-state on different spectrums of
household food waste anaerobic digestion in different organic loads
concentrations. It is expected that the findings can facilitate the development of
more efficient full-scale HS-AD system to achieve a high-rate of organic material
reduction and methane production as renewable energy resource. As in the
national key economic areas, the oil, gas and energy sector would gain benefits
from this research because by-product anaerobic digestion technology could be
used to supply energy to small community; hence comply with a the national
strategic plan. Moreover, the development of the treatment plant in vicinity of the
community would potentially increase public participation thus will significantly
reduce the potential of environmental deteriorations.



REFERENCES

Abbassi-Guendouz, A., Brockmann, D. & Trably D. (2012). Total solids content
drives high solid anaerobic digestion via mass transfer limitation.
Bioresource Technology, 111, 55 — 61.

Abdullah, W. & Chin, N.L. (2010). Simplex-centroid mixture formulation for
optimised compositing of kitchen waste. Bioresource Technology, 101,
205 - 8210.

Abouelenien, F., Nakashimada, A. & Nishio, N. (2009). Dry mesophilic
fermentation of chicken manure for production of methane by repeated
batch culture. Journal of Bioscience, 107, 293 — 295.

Agdag, O.N. & Sponza, D.T. (2004). Co-digestion of industrial sludge with
municipal solid wastes in anaerobic simulated landfilling reactors. Process
Biochemistry, 40, 1871 — 1879.

Agyeman, F. O. & Tao, W. (2014). Anaerobic co-digestion of food waste and
dairy manure: Effects of food waste particle size and organic loading rate.
Journal of Environmental Management, 133, 268 — 274.

Ahmad, S. & Tahar, R.M. (2014). Selection of renewable energy sources for
sustainable development of electricity generation system using analytic
hierarchy process. A case for Malaysia. Renewable Energy, 63, 458 — 46.

Ahn, H.K., Smith, M.C., Kondrad, S.L. & White, JW. (2010) Evaluation of Biogas
Production Potential by Dry Anaerobic Digestion of Switchgrass—Animal
Manure Mixtures. Applied Biochemistry, 160, 965 — 975.

Akindele, A.A. & Sartaj, M. (2017). The toxicity effects of ammonia on anaerobic
digestion of organic fraction of municipal solid waste. Waste Management,
71,757 - 762.

Al- Varez, M.J. (2011). Bio-methanisation of the organic fraction of municipal
solid waste. IWA Publishing ISBN: 1900222146, 2002.

Algapani, D.E., Qio, E., Ricci, M., Bianchi, D., Wandera, S.M., Adani, F. & Dong
R. (2018). Bio-hydrogen and bio-methane production from food waste in
a two-stage anaerobic digestion process with digestate recirculation.
Renewable Energy, 130, 1108 — 1115.

Ali, R., Daut, I. & Taib, S. (2012). A Review on existing and future energy sources
for electrical power generations in Malaysia. Renewable and Sustainable
Energy Review, 16, 4047.

Angelidaki, I. & Ahring, B. K. (1993). Thermophilic anaerobic digestion of
livestock waste: the effect of ammonia. Applied Microbiology
Biotechnology, 38, 560 — 564.

Angelidaki, I., Chiu, J., Chen, J., Chen, X. & Kaparaju, L. (2006). Operational
strategies for thermophilicanaerobic digestion of organic fraction of
municipal solid waste in continuous stirred tank reactors. Environmental
Technology, 27, 855 - 871.

Angelidaki, I. & Sanders, W. (2004). Assessment of the anaerobic
biodegradability of macro-pollutant. Reviews in Environmental Science
Bio/Technology, 3, 117 — 129.

Angelonidi, E. and Smith, S.R. (2015). A comparison of wet and dry anaerobic
digestion processes for the treatment of municipal solid waste and food
waste. Water and Environmental Journal, 29, 549 — 557.

APEC, (2006). https://www.apec.org/Meeting-Papers/Leaders-
Declarations/2006/2006_aelm. (Accessed in Jun 2018).

116


https://www.apec.org/Meeting-Papers/Leaders-Declarations/2006/2006_aelm
https://www.apec.org/Meeting-Papers/Leaders-Declarations/2006/2006_aelm

APHA, AWWA & WEF (1998). Standard Methods for the Examination of Water
and Wastewater, twentieth. American Public Health Association,
Washington, DC., USA.

APHA, AWWA & WEF (2005). Standard Methods for the Examination of Water
and Wastewater, twentieth. American Public Health Association,
Washington, DC., USA.

Appels, L., Lauwers, J., Degreve, J. & Helsen, L. (2011). Anaerobic digestion in
global bio-energy production: Potential and research challenges.
Renewable and Sustainable Energy Reviews, 15, 4295 — 4300.

Ariunbaatar, J., Panico, A. & Frunzo, L. (2014) Enhanced anaerobic digestion of
food waste by thermal and ozonation pretreatment methods. Journal of
Environmental Management, 146,142—-149.

Astals, S., Nolla-Ardévol, V. & Mata-Alvarez, J. (2012). Anaerobic co-digestion
of pig manure and crude glycerol at mesophilic conditions: Biogas and
digestate. Bioresource Technology, 110, 63 — 70.

Baky, A. and Eriksson, O. System analysis of organic waste management in
Denmark 2003.

Banks, C. J., Zhang, Y., Jiang, Y. & Heaven, S. (2012). Trace element
requirements for stable food waste digestion at elevated ammonia
concentrations. Bioresource Technology, 104, 127—135.

Banks, C.J., Chesshire, M., Heaven, S. & Arnold, R. (2011). Anaerobic digestion
of source-segregated domestic food waste: performance assessment by
mass and energy balance. Bioresource Technology, 102, 612-620.

Barakat, A., Monlau, F., Steyer, J.P. and Carrere, H. (2012). Effect of lignin
derived and furan compound found in lignocellulosic hydrolysate on
biomethane production. Bioresource Technology, 104, 90 — 99.

Behera, S.K., Kim, D.H., Shin, H.S., Cho, S.K,, Yoon, S.P. and Park, H.S. (2011).
Enhanced Methane recovery by Food Waste Leachate Injection into a
Landfill in Korea. Waste Management, 31, 2126 — 2132.

Bouallagui, H., Lahdheb, H. & Romdan, E.B. (2009). Improvement of fruit and
vegetable waste anaerobic digestion performance and stability with co-
substrates addition. Journal of Environmental Management, 90, 1844 —
1850.

Bourque, J.S. & Guio, S.R. (2008). Methane production in an UASB reactor
operated under periodic  mesophilic—thermophilic  conditions.
Biotechnology and Bioengineering, 100, 115 — 114.

Braguglia, C.M., Gallipoli, A., Gianico, A and Pagliaccia, P. (2018). Anaerobic
bioconversion of food waste into energy: a critical review Bioresource
Technology, 248, 37 — 56.

Brown, D. and Li, Y. (2013). Solid state anaerobic co-digestion of yard waste and
food waste for biogas production. Bioresource Technology, 127, 275 —
280.

Browne, J. and Murphy, J. (2013). Assessment of the resource associated with
biomethane from food waste. Applied Energy, 104, 170 =177

Buffiere, P., Loizel, D., Bernet, N. and Delgenes, J.P. (2006). Towards new
indication for the prediction of solid waste anaerobic digestion properties.
Water, Science and Technology, 53, 233 — 241.

Buswell, A.M. (1947). Important Considerations in Sludge Digestion. Part II.
Microbiology and Theory of Anaerobic Digestion. Sewage Works Journal,
19, 28 - 36.

117



Caporaso, J.G., Lauber, C.L., Walters, W.A., Berg-Lyons, D., Huntley, J., Fierer,
D., Owens, S.M., Betley, J., Fraser, L. & Bauer, M. (2012). Ultra-high-
throughput microbial community analysis on the lllumina HiSeq and MiSeq
platforms. ISME Journal, 6, 1621 — 1624.

Capson-Tojo, G., Rouez, M. Crest, E., Trably, J. Steyer, N., Bernet, J. &
Delgenes, R. (2017). Kinetic study of dry anaerobic co-digestion of food
waste and cardboard for methane production. Waste Management, 69,
470 —477.

Carballa, M., Regueiro, L. & Lema, J.M. (2015). Microbial management of
anaerobic digestion: exploiting the microbiome-functionality nexus.
Current Opinion of Biotechnology, 33, 103 — 111

Carlsson A., Lagerkvist, A. and Morgan-Sagastume, F. (2012). The effects of
substrate pre-treatment on anaerobic digestion systems: a review. Waste
Management, 32, 1634 — 1650.

Chen, J.L., Ortiz, R., Steele, T.W.J. & Stuckey, D.C. (2014). Toxicants inhibiting
anaerobic digestion: a review. Biotechnology Advances, 32, 1523 — 1534.

Chen, Y. and J. Cheng, K.S. (2008). Creamer Inhibition of anaerobic digestion
process: a review. Bioresource Technology, 99, 4044 — 4064.

Chiumenti, A., da Borso, F. & Limina, S. (2018). Dry anaerobic digestion of cow
manure and agricultural products in a full-scale plant: Efficiency and
comparison with wet fermentation. Waste Management, 71, 704 — 710.

Cho, S.K., Im, W.T., Kim, D.H., Kim, M.H., Shin, H.S. & Oh, S.E. (2013). Dry
anaerobic digestion of food waste under mesophilic conditions:
performance and methanogenic community analysis. Bioresource
Technology, 131, 210 — 217.

Choong, Y.Y., Abdullah, I.N.A.Z. & Yhaya, M.F. (2016). Impacts of trace element
supplementation on the performance of anaerobic digestion process: A
critical review. Bioresource Technology, 209, 369 — 379.

Chu, C.F., Xu, K.Q., Li, Y.Y. & Inamori, Y. (2012). Hydrogen and methane
potential based on the nature of food waste materials in a two-stage
thermophilic fermentation process. International Journal of Hydrogen
Energy, 37, 10611 — 10618.

Chynoweth, D.P., Bosch, G., Earle J.F.K., Legrand, R. & Liu, K. (1993). A novel
process for anaerobic composting of municipal solid waste. Applied
Biochemistry and Biotechnology, 29, 421 — 43.

Conklin, A. & Stensel, H. (2006). Growth Kinetics and Competition between
Methanosarcina and Methanosaeta in Mesophilic Anaerobic Digestion.
Water Environment Research, 78, 486 — 496.

Dai, X., Duan, N., Dong, B. & Dai, L. (2013). High-solids anaerobic co-digestion
of sewage sludge and food waste in comparison with mono digestions:
stability and performance. Waste Management, 33, 308 — 316.

Davidsson A., Gruberger C. & Christensen, T.H. (2007). Methane yield in source-
sorted organic fraction of municipal solid waste. Waste Management, 27,
406 — 414.

De Vrieze, J., Hennebel, T., Boon, N. & Verstraete, W. (2012). Methanosarcina:
The rediscovered methanogen for heavy duty biomethanation.
Bioresource Technology, 112, 1 - 9.

De Vrieze, J., Pinto, A.J., Sloan, W.T. & ljaz, U.Z. (2018). The active microbial
community more accurately reflects the anaerobic digestion process 16
rRNA (gene) sequencing as reductive tool. Microbiome, 6, 1 — 13.

118



Delmont, T.O., Simonet, P. & Vogel, T.M. (2012). Describing microbial
communities and performing global comparisons in the 'omic era. ISME
Journal, 6, 1625 — 1628.

Demirel, B. & Scherer, P. (2008). The roles of acetotrophic and hydrogenotrophic
methanogens during anaerobic conversion of biomass to methane: a
review. Review in Environmental Sci/Technol and Biotechnology, 7, 173
—190.

Desjardins, P. & Conklin. C. (2010). NanoDrop microvolume quantitation of
nucleic acids. Journal of Visualized Experiment, 45, 2565.

Deublein, D. & Steinhauser. A. (2008). Biogas from Waste and Renewable
Resources Wiley-VCH, Verlag, Weinheim, Germany.

Dhar, H., Kumar, P., Kumar, S. & Mukherjee, S. (2016). Effect of organic loading
rate during anaerobic digestion of municipal solid waste. Bioresource
Technology, 257, 251 — 261.

Dong, C., Lu, B. & Chen, Z. (2005). Characteristic of anaerobic granular sludge
and digestion sludge under microaerobic conditions. Journal of Nanjing
University of Science and Technology, 5, 2077 — 2091.

Duan, N., Dong, B., Wu, B. & Dai, X. (2012). High solid anaerobic digestion of
sewage sludge under mesophilic conditions: feasibility study. Bioresource
Technology, 104, 150 —156.

Duku, M.H., Gu, S. and Hagan, E.B. (2011). A comprehensive review of biomass
resources and biofuels potential in Ghana. Renewable and Sustainable
Energy Review, 15, 404 — 415.

Edjabou, M.E., Boldrin, A., Scheutz, C. & Astrup, T.F. (2015). Source
segregation of food waste in office areas: Factors affecting waste
generation rates and quality. Waste Management, 46, 94 — 102.

El-Mashad, H.M. & Zhang, R. (2010). Biogas production from co-digestion of
dairy manure and food waste. Bioresource Technology, 101, 4021 —4028.

European Commissions, (2004). http://ec.europa.eu/employment social/soc-
prot/soc-incl/final joint inclusion report 2003 en.pdf (Accessed in
January 2017).

Fauziah, S.H. & Agamuthu, P. (2007). A comparative Study on Selected Landfills
in Selangor and Kuala Lumpur Municipal Solid Waste Management.
Institute of Biological Science, Faculty of Science, University of Malaya.

Fisgativa, H., Tremier, A. & Dabert, P. (2016). Characterizing the variability of
food waste quality: a need for efficient valorisation through anaerobic
digestion. Waste Management, 50, 264 — 274.

Foo, K.H. & Hameed, B.H. (2009). Insight into the applications of palm oil mill
effluent: a renewable utilization of the industrial agricultural waste.
Renewable and Sustainable Energy Reviews, 14, 1445 — 1452,

Food and Agriculture Organisation of the United Nations. Global food losses and
food waste. Dusseldorf, Germany: Interpack, 2011.

Gan, P.Y., Komiyama, R. & Dong, L.Z. (2013). A low carbon society outlook for
Malaysia to 2035. Renewable and Sustainable Energy Reviews, 21, 432
— 443,

Goux, X., Calusinska, M., Lemaigre, S., Marynowska, M., Klocke, M.,
Udelhoven, T., Benizri, E. & Delfosse, P. (2015). Microbial community
dynamics in replicate anaerobic digesters exposed sequentially to
increasing organic loading rate, acidosis, and process recovery.
Biotechnology and Biofuels, 8, 122 — 125.

119


http://ec.europa.eu/employment_social/soc-prot/soc-incl/final_joint_inclusion_report_2003_en.pdf
http://ec.europa.eu/employment_social/soc-prot/soc-incl/final_joint_inclusion_report_2003_en.pdf

Grimberg, S., Hilderbrandt, D., Kinnunen, M. & Rogers, S. (2015) Anaerobic
digestion of food waste through the operation of a mesophilic two-phase
pilot scale digester — assessment of variable loadings on system
performance. Bioresource Technology, 178, 226 — 229.

Gunaseelan, V.N. (2007). Regression models of ultimate methane yields of fruits
and vegetable solid waste, sorgham and napiergrass on chemical
compositions. Bioresource Technology, 98, 1270 — 1277.

Guo, C. L. (2014a). Effects of temperature and organic loading rate on the
performance and microbial community of anaerobic co-digestion of waste
activated sludge and food waste. Chemosphere, 105, 146 — 151.

Guo, X., Wang, C., Sun, F., Zhu, W. & Wu, W. (2014b). A comparison of
microbial characteristics between the thermophilic and mesophilic
anaerobic digesters exposed to elevated food waste loadings.
Bioresource Technology, 152, 420 — 428.

Haider, M.R., Yousaf, S., Malik, R.N. & Visvanathan, C. (2015). Effect of mixing
ratio of food waste and rice husk co-digestion and substrate to inoculum
ratio on biogas production. Bioresource Technology, 190, 451 — 457.

Hansen, K.H., Angelidaki, I. & Ahring, B.K. (1998). Anaerobic digestion of swine
manure: inhibition by ammonia. Water Research, 32, 5 — 12.

Hashim, H. & Ho, W.S. (2011). Renewable energy policies and initiatives for a
sustainable energy future in Malaysia. Renewable and Sustainable
Energy Review, 15, 4780 — 4787.

Hattori, S. (2008). Syntrophic acetate-oxidising microbes in methanogenic
environment. Microbes and Environments, 23, 118 — 127.

Holliger, C., Alves, M., Andrade, D., Angelidaki, ., Astals, S., Baier, U., Bougrier,
C., Buffiere, P., Carballa, M., De-Wilde, V., Eberstsder, F., Fernandez, B.,
Ficera, E., Fotidis, I. & Frigon, J.C. (2016). Towards a standardization of
biomethane potentials tests. Water Science and Technology, 74, 2515 —
2522,

Holm-Nielsen, J.B., Al-Saedi, T. & Oleskowicz-Popiel, P. (2009). The future of
anaerobic digestion and biogas utilisation. Bioresource Technology, 200,
5478 — 5488.

Hom-Diaz, A., Baldi, F., Blanquez, P., Lombardi, L., Martin-Gonzalez, L. &
Vicent, T. (2016). Exhausted fungal biomass in a feedstock for increasing
methane production during the anaerobic digestion of organic waste.
Waste and Biomass Volarization, 7, 307 — 315.

Imachi, H., Sakai, S. & Ohashi, A. (2007). Pelotomaculum propionicicum sp.
nov., an anaerobic, mesophilic, obligately syntrophic, propionate-oxidizing
bacterium. International Journal of Systematic and Evolutionary
Microbiology, 57, 1487 — 1492.

Intergovernmental Panel on Climate Change (IPCC), (2006). Guidelines for
National Greenhouse Gas Inventories.

Ito, T., Yoshiguchi, K., Ariesyada, H.D. & Okabe, K. (2011). Identification of a
novel acetate-utilizing bacterium belonging to Synergistes group 4 in
anaerobic digester sludge. ISME Journal, 5, 1844 — 1856.

Izumi, K., Okishio, Y., Nagao, N., Niwa, C., Yamamoto, S. & Toda, T. (2010).
Effects of particle size on anaerobic digestion of food waste. International
of Biodeterioration Biodegradation, 64, 601 — 608.

Jabatan Pengurusan Sisa Pepejal Negara (JPSPN), (2010). Distribution of
Landfill Sites in Malaysia. Kuala Lumpur, Malaysia.

120



Jalil, M.A. (2010). Sustainable developments in Malaysia: A case study on
household waste management. OIDA International Journal Sustainable
Development, 1, 23 — 29.

Jaspers, E. & Overmann, J. (2004). Ecological significance of microdiversity:
identical 16S rRNA gene sequences can be found in bacteria with highly
divergent genomes and ecophysiologies. Applied on Environmental
Microbiology, 70, 4831 — 4839.

Jha, A.K,, Li, J., Nies, L. & Zhang, L. (2011). Research advances in dry anaerobic
digestion process of solid organic. African Journal of Biotechnology, 10,
12242 — 14253.

Ji, C.M., Eong, E.H., Poh, P.E., Li, T.B., Seng, C.E. & Vi, C.K. (2013). Biogas
from palm oil mill effluent (POME): Opportunities and challenges from
Malaysia and perspective. Renewable and Sustainable Energy Reviews,
26, 717 — 726.

Jiang, J., Zhang, Y., Li, K., Wang, Q. & Gong, C. (2013). VFA production from
food waste: Effect of pH, temperature and organic loading rates.
Bioresource Technology, 143, 525 — 530.

Johari, A., Saeed, |.A., Hashim, H., Alkali H. & Ramli, M. (2012). Economic and
environmental benefits of landfill gas from municipal solid waste in
Malaysia. Renewable and Sustainable Energy Review, 16, 2907 — 2912.

JPSPN,(2013).http://jpspn.kpkt.gov.my/resources/index/user_1/Sumber_Rujuk
an/kajian/lab_sisa_pepejal.pdf. (Accessed on February 2017).

Karthikeyan, O.P. & Visvanathan, C. (2013). Bio-energy recovery from high-solid
organic substrates by dry anaerobic bio-conversion processes: a review.
Review on Environmental Sci Bio/Technology, 12, 257 — 284.

Kawai, M., Nagao, N., Tajima, N., Niwa, C., Matsuyama, T. & Toda, T. (2014).
The effect of the labile organic fraction in food waste and the
substrate/inoculum ratio on anaerobic digestion for a reliable methane
yield. Bioresource Technology, 157, 174 —180.

Kayhanian, M. (2007). Biodegradability of the organic fraction of municipal solid
waste in a high-solids anaerobic digester. Waste Management Resource,
13,123 - 136.

Khairuddin, N., Latifah, A.M., Hassan, M.A., Halimoon, N. & Ghani, W.A.W.A K.
(2015a). Biogas harvesting from organic fraction of municipal solid waste
as renewable energy resource in Malaysia: A review. Polish Journal of
Environmental Studies, 24, 1477 — 1490.

Khairuddin, N., Latifah, M.A., Hassan, M.A., Halimoon, N. & Ab Karim,
W.AW.AK. (2015b). High Solid Anaerobic Co-digestion of Household
Organic Waste with Cow Manure. Procedia Environmental Science, 30,
174 - 179.

Khairuddin, N., Manaf, L.A. & Hassan, M.A. (2016a). High Solid Anaerobic Co-
Digestion of Household Organic Waste with Cow Manure for Mass and
Energy Recovery. Polish Journal of Environmental Studies, 25, 143 — 148.

Khairuddin, N., Latifah, M.A., Dzomir, A.Z.M. & Hassan, M.A. (2016b). Biogas
Production and Biodegradability on Increasing Total Solid of Household
Organic Waste. Current Trends in Biotechnological Research for
Environmental Sustainability, ISBN 978-602-73103-1-5.

Kim, M., Ahn, Y.H. & Speece, R.E. (2002) Comparative process stability and
efficiency of anaerobic digestion mesophilic vs. thermophilic. Water
Resource, 36, 4369 — 4385.

121


http://jpspn.kpkt.gov.my/resources/index/user_1/Sumber_Rujukan/kajian/lab_sisa_pepejal.pdf
http://jpspn.kpkt.gov.my/resources/index/user_1/Sumber_Rujukan/kajian/lab_sisa_pepejal.pdf

Kim, D.H., Cho, S.K., Lee, M.K. & Kim, M.S. (2013). Increased solubilization of
excess sludge does not always result in enhanced anaerobic digestion
efficiency. Bioresource Technology, 143, 660 — 664.

Kleybocker, A., Liebrich, M., Kasina, M., Kraume, M. Wittmaier, M. &
Wirdemann, H. (2012). Comparison of different procedures to stabilize
biogas formation after process failure in a thermophilic waste digestion
system: influence of aggregate formation on process stability. Waste
Management, 32, 1122-1130

Koch, K., Helmreich, B. & Drewes, J.E. (2015). Co-digestion of food waste in
municipal wastewater treatment plants: effect of different mixtures on
methane yield and hydrolysis rate constant. Applied Energy, 135, 250 —
255.

Koivupuro, H.K. & Hartikainen, H. (2012). Influence of socio-demographical,
behavioural and attitudinal factors on the amount of avoidable food waste
generated in Finnish households. International Journal of Consumer
Studies, 36, 183 — 191.

Komakech, A.J., Sundberg, C., Jonsson, H. & Vinneras, B. (2015). Life cycle
assessment of biodegradable waste treatment systems for sub-Saharan
African cities. Resource Conservation and Recycling, 99, 100 — 110.

Kopsahelis, A., Stavropoulos, K., Zafiri, C. & Kornaros, M. (2018). Anaerobic co-
digestion of End-of-Life dairy products with agroindustrial wastes in a
mesophilic pilot-scale two-stage system: Assessment of system’s
performance. Energy Conversion and Management, 165, 850 — 861.

KPKT,(2011).http://www.kpkt.gov.my/resources/index/user 1/GALERI/PDF _PE
NERBITAN/PERANGKAAN%20TERPILIH/Buku Perangkaan KPKT 20
15.pdf. (Accessed in March 2017).

Kshirsagar, V.S. & Pawar, P.M. 2016. Design modification of biogas digester to
avoid scum formation at the surface. Techno-Societal 2016. ICATSA
2016. Springer, Cham.

Kuczman, O., Gueri, M.V.D., De- Souza, S.N.M., Schirmer, W.N., Alves, H.J.,
Seco, D., Burratto, W.G., Ribeiro, C.B. & Hernands, F.B. (2018). Food
waste anaerobic digestion of a popular restaurant in southern Brazil.
Journal Cleaner Production, 196, 382 — 389.

Kumar, A., Ergas, S., Yan, X., Sahu, A., Zhang, Q., Dewulf, J., Xavier, F. & Van-
Langenhove, H. (2010). Enhanced CO2 fixation and biofuel production via
microalgae: recent developments and future directions. Trends in
Biotechnology, 28, 371 — 380.

Labatut, R. A., Angenent, L. T. & Scott, N. R. (2014). Conventional mesophilic
vs. thermophilic anaerobic digestion: a trade-off between performance
and stability. Water Research, 53, 249 — 258.

Lai, C.M., Ke, G.R. & Chung, M.Y. (2009). Potentials of food waste for generation
and energy conservation in Taiwan. Renewable Energy, 34, 1913 — 1915.

Latif, M.A., Mehta, C.A. & Batstone, D.J. (2017). Influence of low pH on
continuous anaerobic digestion of waste activated sludge. Water
Research, 113, 42 — 49.

Latifah, A.M., Mohd Samah, A.A. & Nur Zukki, .M. (2009). Municipal solid waste
management in Malaysia: practices and challenges. Waste Management,
29, 2902 - 2905.

Le Hyaric, R.E., Benbelkacem, H. & Bollon, J. (2012). Influence of moisture
content on the specific methanogenic activity of dry mesophilic municipal

122


http://www.kpkt.gov.my/resources/index/user_1/GALERI/PDF_PENERBITAN/PERANGKAAN%20TERPILIH/Buku_Perangkaan_KPKT_2015.pdf
http://www.kpkt.gov.my/resources/index/user_1/GALERI/PDF_PENERBITAN/PERANGKAAN%20TERPILIH/Buku_Perangkaan_KPKT_2015.pdf
http://www.kpkt.gov.my/resources/index/user_1/GALERI/PDF_PENERBITAN/PERANGKAAN%20TERPILIH/Buku_Perangkaan_KPKT_2015.pdf

solid waste digestate. Journal of Chemical Technology and
Biotechnology, 87, 1032 — 1035.

Lebuhn, M., Hanreich, A., Klocke, M., Schliter, A. & Bauer, C. (2014). Towards
molecular biomarkers for biogas production from lignocellulose-rich
substrates. Anaerobes, 29, 10 — 21.

Lebuhn, M., Wei}, S., Munk, B. & Guebitz, G.M. (2015). Microbiology and
Molecular Biology Tools for Biogas Process Analysis, Diagnosis and
Control. Biogas Science and Technology, 151, 1 —40.

Ledakowicz, S. & Kaczarek, K. (2002). Laboratory simulation of anaerobic
digestion of municipal solid waste. In: ISWA 2002 World Environmental
Congress, Istanbul, Turkey, July 2002. Appropriate Environmental and
Solid Waste Management and Technologies for Developing Countries
(No. 2), pp. 1139-1146.

Lee, S.H., Kang, H.J., Lee, Y.H., Lee, T.J., Han, Y., Choi, Y. & Park, H.D. (2012).
Monitoring bacterial community structure and variability in time scale in
full-scale anaerobic digesters. Journal of Environmental Monitoring, 14,
1893 — 1905.

Lerm, S., Kleybocker, A., Miethling-Graff, R. & Alawi, M. (2012). Archaeal
community composition affects the function of anaerobic co-digesters in
response to organic overload. Waste Management, 32, 389 — 399.

Levén, L., Eriksson, A.R.B. & Schnirer, A. (2007). Effect of process temperature
on bacterial and archaeal communities in two methanogenic bioreactors
treating organic household waste. FEMS Microbiology Ecology, 59, 683 —
693.

Li, A,, Chu,Y., Wang, X,, Ren, L., Yu, J., Liu, X., Yan, J., Zhang, L, Wu, S. & Li,
S. (2013) A pyrosequencing-based metagenomic study of methane-
producing microbial community in solid-state biogas reactor.
Biotechnology Biofuels, 6, 1 — 17.

Li, D., Huang, X., Wang, Q.J., Yuan, Y.X., Yan, Z.Y., Li, Z.D., Huang, Y. & Liu,
X.F. (2016). Kinetics of methane production and hydrolysis in anaerobic
digestion of corn stove. Energy, 102, 1 — 9.

Li, L., He, Q., Wei, Y. & Peng, X. (2014). Early warning indicators for monitoring
the process failure of anaerobic digestion system of food waste.
Bioresource Technology, 171, 491 — 499.

Li, L., He, Q., Wei, Y., He, X. & Peng, X. (2014). Early warning indicators for
monitoring the process failure of anaerobic digestion system of food
waste. Bioresource Technology, 171, 491 — 494.

Li, T., Mazeas, L., Sghir, A., Lebion, G. & Bouchez, T. (2009). Insights into
networks of functional microbes catalysing methanization of cellulose
under mesophilic conditions. Environmental Microbiology, 11, 889 — 904.

Li, Y.F. (2013). An integrated study on microbial community in anaerobic
digestion systems (Doctoral dissertation, The Ohio State University).

Lim, S.J., Kim, B.J., Jeong, C.M., Choi, J.R., Ahn, Y.H. & Chang, H.N. (2008).
Anaerobic organic acid production of food waste in one or day feeding and
draining off bioreactor. Bioresource Technology, 99, 7866 — 7874.

Liotta, F., d'Antonio, G. & Esposito, G. (2014). Effect of moisture on
disintegration kinetics during anaerobic digestion of complex organic
substrates. Waste Management and Research, 32, 42 - 48.

Liu, X., Wang, W., Zheng, L., Gao, X., Qiao, W. & Zhao, Y. (2012). Pilot-scale
anaerobic co-digestion of municipal biomass waste and waste activated

123



sludge in China: Effect of organic loading rate. Waste Management, 32,
2056 — 2060.

Luo, C., Ly, F., Sha, O.L. & He, P. (2015). Application of eco-compatible biochar
in anaerobic digestion to relieve acid stress and promote the selective
colonization of functional microbes. Water Research, 68, 710 — 718.

Lynd, L.R., Weimer, P.J. & Van Zyl, W.H. (2002). Microbial cellulose utilization:
fundamentals and biotechnology. Microbiology and Molecular Reviews,
66, 506 — 577.

Mahanta, P., Saha, U.K., Dewan, A. & Kalita, P. (2004). The influence of
inoculum and total solid concentrations of the gas production rate of a
biogas digester. Journal of Energy Southern Africa 15, 112 — 119.

Malamis, S., Katsou, E., Di Fabrio, Bolzonella, D. & Fatone, F. (2014). Biological
nutrients removal from the supernatant originating from the anaerobic
digestion of the organic fraction of municipal solid waste. Critical Reviews
in Biotechnology, 34, 244 — 257.

Mao, C., Wang, X., Xi, J., Feng, Y. & Ren. G. (2017). Linkage of kinetic
parameters with process parameters and operational conditions during
anaerobic digestion. Energy, 135, 352 — 360.

Mata-Alvarez. J., Dosta, J. & Romero-Giiiza, M.S. (2014) A critical review on
anaerobic co-digestion achievements between 2010 and 2013.
Renewable and Sustainable Energy Review, 36, 412 — 427.

Matteson, G.C. & Jenskin, B.M. (2007). Food and processing residue in
California: Resource assessments and potential for power generation.
Bioresource Technology, 98, 3098 — 3105.

McCarty, P.L. & McKinney, R.E. (1961). Volatile acid toxicity in anaerobic
digestion. Journal of Water Pollution Control Federation, 33, 223 — 232.

Mekhilef, S., Barimani, M., Safari, Y.A. & Salam, Z. (2011). Malaysia's renewable
energy policies and programs with green aspects. Renewable and
Sustainable Energy Review, 40, 497 — 504.

Melikoglu, M., Lin, C.S.K. & Webb, C. (2013) Analysing global food waste
problem: pinpointing the facts and estimating the energy content. Central
European Journal of Engineering, 3, 157-164.

Micollucci, F., Gottardo, M., Bolzonella, D. & Pavan, P. (2014). Automatic
process control for stable biothyne production in two phase thermophilic
anaerobic digestion of food waste. International Journal of Hydrogen
Energy, 39, 17563 — 17572.

Ministry of Housing and Local Government (MHLG). 2009. Ministry of Housing
and Local Government Report 2009. Kuala Lumpur: Government Printers

2009
Ministry of Urban Wellbeing Housing and Local Government, 2016. KPKT
selected statistics until 30 September 2016.

http://www.kpkt.gov.my/resources/index/user 1/GALERI/PDF _PENERBI
TAN/PERANGKAAN%20TERPILIH/Buku Perangkaan_30Sept2016.pdf.
(Accessed in May 2017).

Mir, M.A., Hassain, A. & Verma, C. (2016). Design consideration and operational
performance of anaerobic digesters. A Review. Journal Cogent
Engineering, 3, 1 — 20.

Moh, Y.C. & Latifah, M.A. (2014). Overview of household solid waste recycling
policy status and challenges in Malaysia. Resource Recycling and
Conservation, 82, 50 — 61.

124


http://www.kpkt.gov.my/resources/index/user_1/GALERI/PDF_PENERBITAN/PERANGKAAN%20TERPILIH/Buku_Perangkaan_30Sept2016.pdf
http://www.kpkt.gov.my/resources/index/user_1/GALERI/PDF_PENERBITAN/PERANGKAAN%20TERPILIH/Buku_Perangkaan_30Sept2016.pdf

Molina, F., Castellano, M., Garcia, C.,Roca, E. & Lema, J.M. (2009). Selection
of variables for on-line monitoring, diagnosis, and control of anaerobic
digestion processes. Water Science and Technology, 60, 615 — 622.

Moller, K. & Miller, T. (2012) Effects of anaerobic digestion on digestate nutrient
availability and crop growth: a review. Engineering in Life Sciences, 12,
242 — 257.

Montero, B.,Garcia-Morales, J.L., Sales, D. & Solera, R. (2008) Evolution of
microorganisms in thermophilic-dry anaerobic digestion. Bioresource
Technology, 99, 3233 — 3243.

Muller, E.E.L., Glaab, E., May, P., Vlassis, N. & Wilmes, P. (2013). Condensing
the omics fog of microbial communities. Trends Microbiology, 21, 325 —
333.

Mulsat, N., Foster, R., Vagner, T., Adam, B. & Kuypers, M.M.M. (2011).
Detecting metabolic activities in single cells, with emphasis on nano SIMS.
FEMS Microbiology Review, 36, 486 — 511.

Murray, W.D. & Van D.B. (1981). Effect of support material on the development
of microbial fixed film converting acetic acid to methane. Journal Applied
Biotechnology, 51, 257 — 265.

Naran, E., Toor, U.A. &Kim, D.J. (2016). Effect of pretreatment and anaerobic
co-digestion of food waste and waste activated sludge on stabilisation and
methane production. Biodeterioration and biodegradation, 113, 17 — 21.

Nayanthikaa, I.V.K., Jayawardanaa, D.T., Bandarab, N.J.G.J., Managea, P.M. &
Madushankaa, R.M.T.D (2018). Effective use of iron-aluminum rich
laterite based soil mixture for treatment of landfill leachate. Waste
Management, 74, 347 — 361.

Nelson, M.C., Morrison, M. & Yu, Z. (2011). A meta-analysis of the microbial
diversity observed in anaerobic digesters. Bioresource Technology, 102,
3730 — 3739.

Neves, L., Gongalo, E., Oliveira, R. & Alves, M.M. (2008). Influence of
composition on the biomethanation potential of restaurant waste at
mesophilic temperatures. Waste Management, 28, 965 — 972.

Nghiem, L.D., Koch, K., Bolzonella, D. & Drewes, J.E. (2017). Full scale co-
digestion of wastewater sludge and food waste: bottlenecks and
possibilities. Renewable and Sustainable Energy Review, 72,354 — 362.

Nizami, A.S. & Murphy, J.D. (2010). What type of digester configurations should
be employed to produce biomethane from grass silage? Renewable and
Sustainable Energy Reviews, 14, 1558 — 1598.

Noor, Z.Z., Yusuf, R.O., Abbah, A.B.., HASSAN, M.A.A. & DIN, M.F.M. (2013).
An overview for energy recovery from municipal solid waste in Malaysia
scenario. Renewable and Sustainable Energy Review, 20, 378 — 384.

Organizational Quality Management (OQM) Program. (2015).
http://www3.cec.org/islandora/en/item/11772-characterization-and-
management-food-loss-and-waste-in-north-america-en.pdf. (Accessed in
March 2017).

Oh, T.H., Pang, S.Y. & Chua, S.C. (2010). Energy policy and alternative energy
in Malaysia: issues and challenges for sustainable growth. Renewable
Sustainable Energy Review, 14, 241 — 252,

Owen, M.F., Stuckey, D.C., Healy Jr, J.B. & Young, L.Y. (1979). Bioassay for
monitoring biochemical methane potential and anaerobic toxicity. Water
Research, 32, 482 — 490.

125


http://www3.cec.org/islandora/en/item/11772-characterization-and-management-food-loss-and-waste-in-north-america-en.pdf
http://www3.cec.org/islandora/en/item/11772-characterization-and-management-food-loss-and-waste-in-north-america-en.pdf

Pagés-Diaz, J., Pereda-Reyes, |., Taherzadeh, M. J., Sarvari-Horvath, |. &
Lundin, M. (2014). Anaerobic co-digestion of solid slaughterhouse wastes
with agro-residues: synergistic and antagonistic interactions determined
in batch digestion assays. Chemical Engineering Journal, 245, 89-98.

Panwar, N.L., Kaushik, S.C. & Kothari, S. (2011). Role of renewable energy
sources in environmental protection: A review. Renewable and
Sustainable Energy Review, 43, 1513 — 1524,

Papadimitiou, E.K. (2010). Hydrolysis of organic matter during autoclaving of
commingled household waste. Waste Management, 30, 572 — 582.
Papargyropoulou, E., Lozano, R. & Steinberger, J.K. (2014).The food waste
hierarchy as a framework for the management of food surplus and food

waste. Journal of Cleaner Production, 76, 106 — 115.

Park, J.H., Kumar, G., Yun, Y.M., Kwon, J.C. & Kim, S.H. (2018). Effect of
feeding modes and dilution on the performance and microbial community
population in anaerobic digestion of food waste. Bioresource Technology,
248, 134 — 140.

Parkin, G.F. & Owen, W.F. (1986). Fundamentals of Anaerobic Digestion of
Wastewater Sludges. Journal of Environmental Engineering, 112, 867 —
892.

Patidar, S.K. & Tare, V. (2006). Effects of nutrients on biomass acidity in
degradation of sulphate laden organics. Process Biochemistry, 41, 489 —
495.

Poh, P.E. & Chong, M.F. (2009). Development of anaerobic digestion methods
for palm oil mill effluent (POME) treatment. Bioresource Technology, 100,
1-9.

Poh, P.E., Yong, W.J. & Chong, M.F. (2001). Palm Oil Mill Effluent (POME)
Characteristic in High Crop Season and the Applicability of High-Rate
Anaerobic Bioreactors for the Treatment of POME. Industrial and
Engineering Chemistry Research, 49, 11732 — 11740.

Qiang, D.L. & Lang, Y.Y. (2012). High-solid mesophilic methane fermentation of
food waste with an emphasis on Iron, Cobalt, and Nickel requirements.
Bioresource Technology, 103, 21 — 27.

Rao, M.S., Singh, S.P. & Singh, A. (2000). Bioenergy conversion studies of the
organic fraction of MSW: Assessment of ultimate bioenergy production
potential of municipal garbage. Applied Energy, 66, 75 — 87.

Regueiro, L., Lema, J.M. & Carballa, M. (2015). Key microbial communities
steering the functioning of anaerobic digesters during hydraulic and
organic overloading shocks. Bioresource Technology, 197, 208 — 216.

Riviere, D. (2009). Towards the definition of a core of microorganisms involved
in anaerobic digestion of sludge. The ISME Journal, 3, 700 — 714.

Sasaki, K., Morikawa, H., Kishibe, T., Takeno, K., Mikami, A., Harada, T. & Ohta,
M. (2012). Practical removal of radioactivity from soil in Fukushima using
immobilized photosynthesis bacteria combined with anaerobic digestion
and lactic acid fermentation as pre-treatment. Bioscience Biotechnology
and Biochemistry, 76, 1809 — 1814.

Scano, E.A., Asquer, C., Pistis, A., Ortu, L., Demontis, V. & Cocco, D. (2014).
Biogas from anaerobic digestion of fruit and vegetable wastes:
Experimental results on pilot-scale and preliminary performance
evaluation of a full-scale power plant. Energy Conversion and
Management, 77, 22 — 30.

126



Schott, A.B.S. & Andersson, T. (2015). Food waste minimization from a life-cycle
perspective. Journal of Environmental Management, 147, 249 — 261.

Sekiguchi, Y. (2009). Anaerolineathermophila gen. nov., sp. nov. and
Caldilineaaerophila gen. nov., sp. nov., novel filamentous thermophiles
that represent a previously uncultured lineage of the domain Bacteria at
the subphylum level. International Journal of System Evolution and
Microbiology, 53, 1843 — 1851.

Serna-Maza, A., Heaven, S. & Banks, C.J. (2017). In-situ biogas stripping
ammonia from a digester using a gas mixing gas system. Environmental
Technology, 38, 3216 — 3224.

Shafie, S.M., Mahlia, T.M.l, Masjuki, H.H & Andriyana, A. (2011). Current energy
usage and sustainable energy in Malaysia: a review. Renewable and
Sustainable Energy Review, 15, 4370 — 4377.

Shakya, M., Quice, C., Campbell, J.H., Yang, J.K., Schadt, C.W. & Podar, M.
(2013). Comparative metagenomic and rRNA microbial diversity
characterization using archaeal and bacterial synthetic communities.
Environmental Microbiology, 15, 1882 — 1899.

Shi, J., Xu, F., Wang, Z., Stiverson, J.A., Yu, Z. & Li, Y. (2014). Effects of
microbial and non-microbial factors of liquid anaerobic digestion effluent
as inoculum on solid-state anaerobic digestion of corn stover. Bioresource
Technology, 157, 188 — 196.

Shin, S.G., Han, G,, Lim, J., Lee, C. & Hwang, S. (2010). A comprehensive
microbial insight into two-stage anaerobic digestion of food waste-
recycling wastewater. Water Research, 44, 4838 — 4848.

Stroot, P.G., McMohon, K.D., Mackie, R.l. & Raskin, L. (2001). Anaerobic co-
digestion of municipal solid waste and biosolids under various mixing
conditions. Water Resource, 35, 1804 — 1816.

Su, C.U,, Lei, L., Duan, Y., Zhang, K.Q. & Yang, J. (2012). Culture-independent
methods for studying environmental microorganisms: methods,
application, and perspective. Applied Microbiology and Biotechnology, 93,
993 - 1003.

Sun, L., Pope, P.B. & Eijsink, V.G.H. (2015). Characterization of microbial
community structure during continuous anaerobic digestion of straw and
cow manure. Microbial Technology, 8, 815 — 827.

Sundberg, C. (2013). 454 pyrosequencing analyses of bacterial and archaeal
richness in 21 full-scale biogas digesters. FEMS Microbiology Ecology,
85, 612 — 626.

Sundberg, C., Al-Soud, W.A,, Larsson, L.A., Alm, E., Yekta, S.5, Scvensson,
B.H., Sorenson, S.J. & Karlsson, A. (2013). 454 pyrosequencing analyses
of bacterial and archaeal richness in 21 full-scale biogas digesters. FEMS
Microbiology and Ecology, 88, 612 — 626.

Supaphol, S., Jenkins, S.N., Intomo, P., Waite, |.S. & O’Donnell, A.G. (2011)
Microbial community dynamics in mesophilic anaerobic co-digestion of
mixed waste. Bioresource Technology, 102, 4021 — 4027.

Takashima, M., Speece, R.E. & Parkin, G.F. (1990). Mineral requirements for
methane fermentation. Critical Review on Environmental Control, 19, 465
—479.

Talbot, G., Topp, E., Palin, M.F. & Masse, D.I. (2008). Evaluation of molecular
methods used for establishing the interactions and functions of
microorganisms in anaerobic bioreactors. Water Resource, 42, 513 —537.

127



Tampio, E., Ervasti, S. & Paavola, T. (2014). Anaerobic digestion of autoclaved
and untreated food waste. Waste Management, 34, 370 — 377.

Tang, T., Shigematsu, M., Morimura, S. & Kida, K. (2015).Dynamics of the
microbial community during continuous methane fermentation in
continuously stirred tank reactors. Journal of Bioscience and
Bioengineering, 119, 375 — 383.

Thi, N.B.D., Lin, C.Y. & Kumar, G. (2016). Waste-to-wealth for valorization of
food waste to hydrogen and methane towards creating a sustainable ideal
source of bioenergy. Journal of Cleaner Production, 122, 29 — 41,

Tsai, W.T. (2007). Bioenergy from landfill gas (LFG) in Taiwan. Renewable and
Sustainable Energy Review, 11, 331 — 344.

Tsapekos, P., Kougias, P.G., Treu, L., Campanaro, S. & Angelidaki, I. (2017).
Process performance and comparative metagenomic analysis during co-
digestion of manure and lignocellulosic biomass for biogas production.
Applied Energy, 185, 126-135.

Tyson, G.W,, lan, L., Baker, B.J., Allen, E.E, Hugenholtz, P. & Banfield, J.F.
2005. Genome-directed isolation of the key nitrogen fixer Leptospirillum
ferrodiazotrophum s p. nov. from an acidophilic microbial community.
Applied Environmental Microbiology, 71, 6319 — 6324.

Van Soest, P.J. (1963). Use of detergents in the analysis of fibrous feeds. A rapid
method for the determination of fiber and lignin. Journal of the Association
of Official Agricultural Chemist, 46, 829-835.

Van Soest, P.J. & Wine, R.H. (1967). Use of detergents in the analysis of fibrous
feeds. Determination of permanganate. AOAC, 51, 780 — 783.

Vanwonterghem, I., Jensen, P.D., Ho, D.P., Batstone, D.J. & Tyson, G.W.
(2014). Linking microbial community structure, interactions and function in
anaerobic digesters using new molecular techniques. Current Opinion of
Biotechnology, 27, 5564

Velklein, M.A., Shea, R.O., Jacob, A. & Murphy, J.D. (2017). Role of trace
elements in single and two stage digestion of food waste at high organic
loading rates. Energy, 121, 185 — 192.

Venkiteshwaran, K., Milferstedt, J., Hamelin, M. & Zitomer, D.H. (2016).
Anaerobic digester bioaugmentation influences quasi steady state
performance and microbial community. Water Resource, 104, 128 — 136.

Vrieze, J.D., Hennebel, T., Boon, N. & Verstraete, W. (2012). Methanosarcina:
the rediscovered methanogen for heavy duty biomethanation. Bioresource
Technology, 112, 1- 9.

Wang, K., Yin, J., Shen, D. & Li, N. (2014). Anaerobic digestion of food waste for
VFA production with different types of inoculum: Effect of pH. Bioresource
Technology, 161, 395 — 401.

Wang, P., Wang, H., Qiu, Y., Ren, L. & Jiang, B. (2017). Microbial characteristics
in anaerobic digestion process of food waste for methane production—-A
review. Bioresource Technology, 248, 29 — 36.

1. Werner, J, Knights, D., Garcia, M.L., Scalfone, N.B., Smith, S,
Yarasheski, K., Cummings, T.A., Beers, A.R., Knight, R. & Angenent,
L.T. (2010). Bacterial community structures are unique and resilient in
full-scale bioenergy systems. PNAS, 108, 4158 — 4163.

Westerholm, M., Dolfing, J. & Sherry, A. (2011). Quantification of syntrophic
acetate-oxidizing microbial communities in biogas processes.
Environmental Microbiology Report, 3, 500 — 505.

128



Williams, J., Wiliams, H., Dinsdale, R. & Guwy, A. (2013). Monitoring
methanogenic population dynamics in a full-scale anaerobic digester to
facilitate operational management. Bioresource Technology, 134, 234 —
242.

WRAP (2014). UK Food waste historical changes and how amounts might
influenced in the future. Final Report (Executive Report). October,
Bunbury, UK.

Xue, Y., Liu, H., Chen, S., Dichtl, N., Dai, X. & Li, N. (2015). Effects of thermal
hydrolysis on organic matter solubilization and anaerobic digestion of high
solid sludge. Chemical Engineering Journal, 264, 174 — 180.

Yamada, T., Imachi, H. & Ohashi, A. (2006). Bellilinea caldifistulae gen. nov., sp.
nov. and Longilinea arvoryzae gen. nov., sp. nov., strictly anaerobic,
filamentous bacteria of the phylum Chloroflexi isolated from methanogenic
propionate-degrading consortia. International Journal of Systematic and
Evolutionary Microbiology, 57, 2999 — 2306.

Ye, J., Li, D., Sun, Y., Wang, G., Yuan, Z., Zhen, F. & Wang, Y. (2013). Improved
biogas production from rice straw by co-digestion with kitchen waste and
pig manure. Waste Management, 33, 2653 — 2658.

Yeshanew, M.M., Frunzo, L., Pirozzi, F., Lens, P.N.L. & Espositio, G. (2016).
Production of biothyne from food waste via an integrated system of
continuously stirred tank and anaerobic fixed bed reactors. Bioresource
Technology, 220, 312 — 322.

Yi, J., Dong, B., Jin, J. & Dai, X. (2014). Effect of increasing total solids contents
on anaerobic digestion of food waste under mesophilic conditions:
performance and microbial characteristics analysis. PLOS ONE, 9, 1 - 11.

Yirong, C., Heaven, S. & Banks, C.J. (2015). Effect of trace element addition
strategy on VFA accumulation in thermophilic anaerobic digestion of food
waste. Waste and Biomass Volarization, 6, 1 — 12.

Yong, Z., Dong, Y., Zhang, X. & Tan, T. (2015). Anaerobic co-digestion of food
waste and straw for biogas production. Renewable Energy, 78, 527 — 530.

Zahedi, S., Sales, D., Romero, LI & Solera, R. (2013). Optimisation of single-
phase dry-thermophilic anaerobic digestion under high organic loading
rates of industrial municipal solid waste: Population dynamics.
Bioresource Technology, 146, 107 — 119.

Zamanzadeh, M., Hagen, L.H., Svensson, K., Linjordet, R. & Horn, S.J. (2016).
Anaerobic digestion of food waste-effect of recirculation and temperature
on performance and microbiology. Water Research, 96, 246-254.

Zhang, C., Su, H., Baeyens, J. & Tan, T. (2014) Reviewing the anaerobic
digestion of food waste for biogas production. Renewable Sustainable
Energy Review, 38, 383-392

Zhang, C., Xiao, G., Peng, L., Su, H. & Tan, T. (2013). The anaerobic co-
digestion of food waste and cattle manure. Bioresource Technology, 129,
170-176.

Zhang, H., Banaszak, Z.K., Parameswaran, P., Alder, J., Krajmalnik-Brown, R.
& Rittmann, B.E. (2009). Focused-pulsed sludge pre-treatment increases
the bacterial diversity and relative abundance of acetoclastic
methanogens in a full-scale anaerobic digester. Water Resource, 43, 4517
—4526.

Zhang, Q., Hu, J. & Lee, D.J. (2016). Biogas from anaerobic digestion process
research updates. Renewable energy, 98, 108 — 119.

129



Zhang, R., El-Mashad, H.M., Hartman, K., Wang, F., Liu, G., Chaote, C. &
Gamble, P. (2007). Characterization of food waste as feedstock for
anaerobic digestion. Bioresource Technology, 9, 929 — 935.

Zhang, W., Lang, Q., Fang, M., Li, X., Bah, H., Dong, H. & Dong, R. (2017).
Combined effect of crude fat content and initial substrate concentration
batch anaerobic digestion characteristics of food waste. Bioresource
Technology, 232, 304 — 312.

Zhang, W., Zhang, L. & Li, A. (2015). Enhanced anaerobic digestion of food
waste by trace metal elements supplementation and reduced metals
dosage by green chelating agent [S, S]-EDDS via improving metals
bioavailability. Water Resource, 84, 266 — 277.

Zhao, Y., Wu, J., Yuan, X., Zhu, W., Wang, X., Cheng, X. & Cui, Z. (2017).The
effect of mixing intensity on the performance and microbial dynamics of a
single vertical reactor integrating acidogenic and methanogenic phase in
lignocellulossic biomass degradations. Bioresource Technology, 238, 542
—551.

Ziganshin, A.M., Liebetrau, J., Proter, J. & Kleinsteuber, S. (2013). Microbial
community structure and dynamics during anaerobic digestion of various
agricultural waste materials. Applied of Microbiology and Biotechnology,
97,5161 — 5174.

Zitomer, D.H., Adhikari, P., Hersel, C. & Dineen, D. (2008). Municipal anaerobic
digestion for co-digestion, energy, recovery and greenhouse gas
reduction. Water Environment Research, 80, 229- 237.

130



	S2_041219_B5_ISI KANDUNGAN
	S2_120419_B5_THESIS CONTENT
	Blank Page



