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The co-digestion of lignocellulosic waste with manure has been seen to improve 
the C/N ratio required by the systems to produce higher methane yield compared 
to mono digestion. Despite the success of co-digestion systems, the complex 
structure of pineapple waste slows down the digestion process. Subcritical Water 
(SCW) pre-treatment was introduced to improve the digestibility of pineapple 
waste. This study aims to evaluate suitable organic loading and mixing ratio of 
pineapple waste and cow dung for co-digestion process. Then, the SCW pre-
treatment conditions of pineapple waste such as temperature, time and water to 
solid ratio were optimized using Response Surface Methodology (RSM). The 
impact of untreated and pre-treated pineapple waste on the physicochemical and 
morphology properties, methane production, its kinetic, and performance in an 
up-scaled anaerobic digester were further assessed at optimal conditions. Based 
on volatile solid (VS) contents, five different cow dung to pineapple waste ratios 
were assessed. The highest biogas and methane yield were obtained at ratio 1:3 
with 179.08 mL/g VS and 142.89 mL CH4/g VS. The co-digestion improved the 
C/N ratio, total ammonia nitrogen (TAN), VS removal, and pH. The kinetic study 
using the modified Gompertz model showed that the co-digestion process had 
shortened the lag phase, and the highest biogas production rate was observed 
at 12.80 mL/g VS. day. For optimization process, the model fitting showed the 
coefficient of determination (R2) value of 0.9825. The RSM model predicted a 
maximum biogas yield of 144.17 mL/g VS for pre-treatment conditions at the 
water to solid ratio of 7.5:1, the temperature at 160°C and the reaction time of 
15 minutes. The optimal condition of SCW pre-treatment was at 128.51°C, water 
to solid ratio of 5.67:1, and reaction time of 5 minutes. The compositional 
analysis found that the pre-treated pineapple waste reduced lignin, 
hemicellulose, and cellulose contents. Pre-treated samples yielded 102.42 mL/g 
VS, which was 23% higher than untreated. Analysis using Fourier Transform 
Infrared Spectroscopy (FTIR) and Thermogravimetric Analysis (TGA) verified the 
presence of cellulosic material in the pre-treated pineapple waste. X-ray 
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Diffraction (XRD) analysis indicated changes in the crystallinity index. Scanning 
Electron Microscopy (SEM) confirmed structural modification of pre-treated 
pineapple waste and made it accessible for microbial attack.  A higher methane 
yield of 85.05 mL CH4/g VS was observed in pre-treated pineapple waste with a 
44% increment. The co-digestion of optimized SCW pre-treated pineapple waste 
and cow dung was upscaled using 6.4 L lab-scale anaerobic digester. The 
cumulative biogas produced was 2100 mL which yielded 17.13 mL/g VS. The 
methane volume was 440 mL with a 36 to 86% methane content. The kinetic 
study of upscale anaerobic digester showed that the lag phase had shortened, 
and the highest biogas production rate was observed at 17.53 mL/g VS. day. 
This suggests that the co-digestion process using SCW pre-treated sample 
could increase methane production, enhance process efficiency and significantly 
reduce the digestion time. The co-digestion of SCW pre-treated pineapple waste 
with cow dung improves biogas production and produces a higher methane yield 
in comparison to untreated samples. Enhancing biogas production from SCW 
pre-treated pineapple waste with cow dung appears to be a promising approach 
for bioenergy recovery. 
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Oleh 
 

ADILA FAZLIYANA BINTI AILI HAMZAH 
 

Februari 2022 
 
 

Pengerusi : Muhammad Hazwan Hamzah, PhD 
Fakulti  : Kejuruteraan 
 
 
Pencernaan bersama sisa lignoselulosa dengan najis telah meningkatkan 
nisbah C/N yang diperlukan oleh sistem untuk menghasilkan hasil metana yang 
lebih tinggi berbanding dengan pencernaan tunggal. Di sebalik kejayaan sistem 
pencernaan bersama, struktur kompleks sisa nanas melambatkan proses 
pencernaan. Pra-rawatan air subkritikal (SCW) telah diperkenalkan untuk 
meningkatkan kebolehcernaan sisa nanas. Kajian ini bertujuan untuk menilai 
muatan organik dan nisbah pencampuran yang sesuai bagi sisa nanas dan najis 
lembu dalam pencernaan anaerobik bersama. Kemudian, keadaan pra-rawatan 
SCW bagi sisa nanas seperti suhu, masa dan nisbah air kepada pepejal 
dioptimumkan menggunakan kaedah permukaan tindak balas (RSM). Kesan 
sisa nanas yang tidak dirawat dan pra-rawatan ke atas sifat fizikokimia dan 
morfologi, pengeluaran metana, kinetik, dan prestasi dalam pencerna anaerobik 
berskala tinggi juga dinilai pada keadaan optimum. Berdasarkan kandungan 
pepejal meruap (VS), lima nisbah najis lembu kepada sisa nanas yang berbeza 
telah dinilai. Hasil biogas dan metana tertinggi diperoleh pada nisbah 1:3 dengan 
179.08 mL/g VS dan 142.89 mL CH4/g VS. Pencernaan bersama meningkatkan 
nisbah C/N, jumlah nitrogen ammonia (TAN), penyingkiran VS dan pH. Kajian 
kinetik menggunakan model Gompertz yang diubah suai menunjukkan bahawa 
proses pencernaan bersama telah memendekkan fasa lag, dan kadar 
pengeluaran biogas tertinggi diperhatikan pada 12.80 mL/g VS.hari. Untuk 
proses pengoptimuman, model menunjukkan nilai pekali penentuan (R2) 
sebanyak 0.9825. Model RSM meramalkan hasil biogas maksimum pada 144.17 
mL/g VS untuk keadaan pra-rawatan pada nisbah air kepada pepejal 7.5:1, suhu 
pada 160°C dan masa tindak balas 15 minit. Keadaan optimum ialah pada 
128.51 °C, nisbah air kepada pepejal 5.67:1 dan masa tindak balas 5 minit. 
Analisis komposisi mendapati kandungan lignin, hemiselulosa dan selulosa 
pada sisa nanas yang telah dirawat telah berkurang. Sampel pra-rawatan 
menghasilkan 102.42 mL/g VS biogas, iaitu 23 % lebih tinggi daripada tidak 
dirawat. Analisis menggunakan Spektroskopi Inframerah Transformasi Fourier 
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(FTIR) dan Analisis Termogravimetrik (TGA) mengesahkan kehadiran bahan 
selulosa dalam sisa nanas pra-rawatan. Analisis Pembelauan Sinar-X (XRD) 
menunjukkan bahawa terdapat perubahan dalam indeks kehabluran. Imbasan 
Mikroskop Elektron (SEM) mengesahkan pengubahsuaian struktur sisa nanas 
pra-rawatan dan menjadikannya boleh diakses untuk serangan mikrob.  Hasil 
metana yang lebih tinggi sebanyak 85.05 mL CH4/g VS diperhatikan dalam sisa 
nanas pra-rawatan dengan peningkatan sebanyak 44%. Sisa nanas pra-rawatan 
yang optimum dicernakan bersama najis lembu telah ditingkatkan menggunakan 
pencerna anaerobik skala makmal 6.4 L. Biogas kumulatif yang dihasilkan ialah 
2100 mL yang menghasilkan 17.13 mL/g VS. Isipadu metana ialah 440 mL 
dengan kandungan metana 36 hingga 86%. Kajian kinetik untuk pencerna 
anaerobik skala tinggi menunjukkan bahawa fasa lag telah dipendekkan, dan 

kadar pengeluaran biogas tertinggi diperhatikan pada 17.53 mL/g VS. hari. Hal 
ini menunjukkan bahawa proses pencernaan bersama boleh meningkatkan 
pengeluaran metana, meningkatkan kecekapan proses dan mengurangkan 
masa pencernaan dengan ketara. Pencernaan bersama sisa nanas pra-rawatan 
SCW dengan najis lembu meningkatkan pengeluaran biogas dan menghasilkan 
hasil metana yang lebih tinggi dibandingkan dengan sampel tidak di rawat. 
Peningkatan pengeluaran biogas daripada sisa nanas pra-rawatan SCW dengan 
najis lembu dilihat sebagai pendekatan yang menjanjikan untuk pemulihan 
biotenaga. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

1.1 Background 
 
 
The concern for sustainable waste management for agricultural and food 
processing waste has increased recently. These wastes often end up in 
landfills, where a substantial amount of waste is transformed into 
greenhouse gases (GHG) and methane. The particular reason for the 
situation is that these wastes are easily degraded than other wastes. In line 
with United Nations’ Sustainable Development Goal (SDG), with good food 
waste management practice, responsible production and consumption by 
linking the concept of food loss and waste management could be 
accomplished to reduce the release of toxic matters to the environment 
(Lemaire and Limbourg, 2019; Rodić and Wilson, 2017). Also, one of the 
core objectives of Malaysia's National Agrofood policy 2021-2025 
highlighted the need to improve agricultural practices and a sustainable food 
system (MAFI, 2021).  
 
 
One of the strategies under this core is to reduce food loss and wastage 
along the food chain by improving efficient resources usage. In recent years, 
researchers have been focused on the conversion of agricultural and food 
waste to valuable products based on the waste-to-wealth concept to reduce 
the downsides of inappropriate waste management practices (Hamzah et 
al., 2016; Rico et al., 2020; Sindhu et al., 2019). The derivation of energy 
from animal by-products such as livestock, poultry and other agricultural 
waste can be seen as a sustainable waste management method. One of the 
themes introduced in the 12th Malaysia Plan 2021-2025 (RMK12) is pursuing 
advancing sustainability (RMK-12, 2021). This theme focuses on embracing 
the circular economy and accelerating the adoption of integrated resources 
management. This plan encourages the public and private sectors to 
implement and integrate the SDGs values in their decision-making. Apart 
from ensuring supply safety, the circular economy will reduce dependency 
on non-renewable energy, waste production, pollution and GHG emissions. 
 
 
Bioenergy production based on biogas has been increasing in Malaysia for 
several years. In Malaysia, solid waste generation had increased from 3856 
tonnes per day to 4967 tonnes per day in 2020, and more than 80% of this 
waste is subjected to landfill (Lim et al., 2021). A biochemical process, using 
this waste as a feedstock source in biogas plants, appears to be one of the 
dynamic methods to improve the application and management levels of this 
waste, especially in country parts (Cigolotti, 2012). Biogas production 
through an anaerobic digester plant would be convenient on on-site food 
production zones, predominantly countryside areas with limited energy 
source connections (McPhail et al., 2012).  
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Pineapple has been listed as one of ten premium fruits by the Malaysian 
government with USD153 million production value (Abu Bakar et al., 2021). 
As one of the major pineapple producers in Southeast Asia and the 
increasing demand for pineapples, Malaysia produced more than 100,000 
tonnes of pineapple wastes (Ahmad Zamri et al., 2020). High moisture and 
sugar content in pineapple waste increases the spoilage rate due to 
microbes, thus contributing to environmental problems. Large capital is 
needed to dispose of the cumulative amount of waste in landfills (Rico et al., 
2020). The conventional techniques for managing this waste include open 
burning and landfilling, which contribute to air pollution (Yahayu et al., 2017) 
as well as huge capital expenditure to discard these wastes, and land 
contributes to greenhouse gas emissions (Banerjee et al. 2018). 

 
 

Globally, it was estimated that there were approximately 1.5 billion stocks of 
cow population in 2019, and 683,501 stocks were estimated in Malaysia 
(FAO, 2021). Rising demand for dairy products in Malaysia in recent years 
due to increased livestock manure volume generation. Also, out of million 
tonnes of livestock production in Malaysia, cows had the highest manure, 
contributing to 5.45 million tonnes a year (Abdeshahian et al., 2016). The 
improper waste management techniques of cow dung have contributed to 
odour problems, GHG emission, airborne ammonia, and the release of 
harmful pathogens (Gopinathan et al., 2018; Gupta et al., 2016; Tufaner and 
Avşar, 2016). Cow dung will be toxic to the environment and causes nutrient 
imbalance and contamination if not appropriately managed. They comprise 
a high nitrogen and phosphorus concentration and traces of harmful 
elements such as growth hormones, antibiotics, and heavy metals. 
 
 
1.2 Problem Statement 
 
 
Bioenergy is renewable, releases fewer toxic mixtures through burning, 
reduces carbon dioxide emissions, and absorbs the most produced carbon 
dioxide compared to fossil fuels (Voloshin et al., 2016). Due to the increase 
of total population in Malaysia, the energy demand has increased about 
21%, mainly from industry, transportation, agriculture, and housing and 
commercial sector (Abdeshahian et al., 2016). On account of the limited 
availability of fossil fuel, an easily accessible, cheap, and environment-
friendly renewable energy source is vital. Methane-rich biogas is produced 
from various feedstocks, consisting of primarily 50–75% methane, 19–34% 
carbon dioxide, and less than 1% hydrogen through the anaerobic digestion 
process (Elina, 2016; Jehan et al., 2017). Pineapple waste and cow dung 
have been seen as potential feedstocks for biogas production (Deng et al., 
2012; Haryanto et al., 2018; Kafle and Chen, 2016; Kumar et al., 2017; Nga 
and Trang, 2015).  
 
 
The main challenges in anaerobic digestion especially on mono digestion 
using sole substrates are the high carbon to nitrogen (C/N) ratio and slow 
hydrolysis of the substrates. Mono digestion manure often hinders 
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anaerobic digestion due to high nitrogen content that could increase 
ammonia in the systems (Li et al., 2015). To eliminate the effect of nitrogen 
deficiency in pineapple waste, cow dung is seen as one of the alternative 
co-substrates to balance the C/N ratio required by the systems. The co-
digestion process increases the buffer capacity, reduces the toxic effect, 
improves the pH and C/N ratio, and enhances biodegradability (Akyol et al. 
2016; Li et al. 2018; Shen et al. 2019). The balanced C/N ratio promotes a 
synergistic effect on the systems. It also creates a nutrient imbalance for the 
microorganisms in the anaerobic digestion process. However, an 
appropriate mixing ratio is needed to ensure the C/N ratio of the substrate 
combination is in the optimal range as suggested by several pieces of 
literature, whereby the optimal C/N ratio recommended by literature was in 
the range of 15 to 30 (Hagos et al., 2017; Lee et al., 2019; Xie et al., 2011).  
 
 
Though cow dung is proved to be reasonable to be used as a single 
substrate due to the degradability and availability of bacteria needed in the 
fermentation phase, it is also rich in nutrients, micronutrients, and other trace 
elements that boost bacterial growth (Achinas et al., 2018; Sidik et al., 
2013). Despite this, low biogas production often results from mono digestion 
of cow dung due to low carbon content and lignin complexes (Achinas et al., 
2018; Akyol et al., 2016). Methanogens might inhibit the anaerobic digestion 
process due to inappropriate C/N ratio and high nitrogen content (Aksay et 
al., 2018; Zhang et al., 2013). Adding lignocellulosic waste as co-substrates 
to manure could help balance the C/N ratio due to high carbon and sugar 
content. High carbon content in lignocellulosic waste balances the high 
nitrogen content in manure. It is critical to co-digest manure with an 
appropriate substrate for nutrient balance and lower the process limitation 
(Achinas et al., 2018). Pineapple waste is known to contain 11.74% glucose, 
9.70% fructose, 2.93% xylose, 2.05% sucrose, and 24.04% reducing sugars 
(Zain et al., 2021). Such composition makes them suitable as feedstocks for 
biogas production. Several studies have been conducted using pineapple 
waste as sole substrates (mono digestion) for anaerobic digestion, resulting 
in a more prolonged lag phase required to produce significant biogas volume 
(Dahunsi, 2019; Kumar et al., 2017; Muenmee and Prasertboonyai, 2021). 
Co-digestion of pineapple waste and cow dung would balance the C/N ratio 
for better biogas production. In addition, co-digestion for cow dung would be 
beneficial for the circular economy. Obtaining the substrates for biogas 
production is made easier by the abundance of pineapple waste from the 
pineapple plantation and cow dung from the feedlot. 
 
 
Integrating plantation and livestock production created more sustainable 
and productive agricultural systems for smallholder farming families (Garrity 
et al., 2010). This type of integrated production could benefit the co-
digestion process due to feedstock availability. The Eco-Yap Agriculture and 
Livestock Farm is an emerging farm in Malaysia that produces pineapple 
and dairy cows (Lee, 2019). To date, cow dung was used as the compost 
for pineapple production at the same farm. However, pineapple waste from 
the farm is still underutilized. Since the farm was also operated as ‘Farm 
Stay’ to boost agrotourism (Han, 2020), the potential of utilizing cow dung 
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and pineapple waste as co-digestion substrates for on-site biogas 
production could be another sustainable approach since the biogas 
produced can generate electricity. The logistical issues associated with 
transporting the waste could be resolved. Therefore, co-digestion of 
pineapple waste and cow dung can be viewed as a viable waste 
management method that could be proposed in a variety of Malaysian 
integrated farms. 
 
 
Mono digestion often observes lower biogas yield, and even with anaerobic 
co-digestion, the biogas yield is not satisfying due to the complexity of the 
structure. High resistance of lignocellulose to biological hydrolysis is 
associated with the presence of refractory lignin, its linkage to the strong 
bond between cellulose and hemicelluloses, and the presence of crystalline 
cellulose (Paudel et al., 2017). The primary purpose of the pre-treatment for 
lignocellulose feedstock is to disrupt lignin structure; consequently, cellulose 
and hemicellulose become accessible for microbial attack. Subcritical Water 
(SCW) pre-treatment promotes structure-breaking and substrate availability 
after pre-treatment (Wang et al. 2018).  
 
 
SCW pre-treatment technology is gaining prominence in biogas production 
enhancement. SCW pre-treatment involves pre-treatment using water is 
very sustainable and environmentally friendly since it does not require acid 
recycling, is non-corrosive, non-toxic, and inflammable (Antwi et al. 2019; 
Saha et al. 2013). Water enters the lignocellulosic complex to hydrate 
cellulose, solubilize a significant amount of hemicellulose and partially 
remove lignin (Ahmad et al., 2018). The effectiveness of the SCW depends 
on the process parameters such as temperature, reaction time, and water 
to solid ratio. These parameters are the aspects of dominant importance 
concerning pre-treatment efficiency and subsequently on the anaerobic 
digestion. Too high temperature and longer reaction time could contribute 
to the release of toxic inhibitors compounds. Too low temperature and short 
reaction time might not be able to treat the substrates effectively. Thus, the 
proper study should be conducted to identify the appropriate SCW 
parameter set.  
 
 
In this study, the application of co-digestion could elevate the potential 
biogas production from pineapple waste and cow dung and recommend fully 
utilizing this waste as renewable energy sources. To date, limited study on 
biogas production investigation focuses on the proper mixing ratio to meet 
suitable C/N ratio (15 to 30) of pineapple waste and cow dung (Hagos et al., 
2017; Lee et al., 2019; Xie et al., 2011). On the other hand, even though 
anaerobic co-digestion, pineapple waste still could not be utilized fully due 
to the complex substrates. The complex structure of pineapple consists of 
lignin structure embedding the cellulose and hemicellulose that resisting 
microbial attack and subsequent hydrolysis. Pre-treatment could enhance 
the biogas production by structural modification and make the cellulose 
accessible for hydrolysis. Application of pre-treatment to pineapple waste 
prior to co-digestion with cow dung has been seen as one of the solutions 
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to the problem. However, it is vital to carefully conduct the pre-treatment at 
its optimal parameter to avoid the formation of toxic compounds (furfural and 
hydroxymethylfurfural (HMF)), which can significantly inhibit 
methanogenesis. A limited study has been conducted on SCW pre-
treatment as biogas enhancement method available for pineapple waste 
especially on the physicochemical, structural and morphological 
modification of pineapple waste. That information is crucial to evaluate the 
suitability of SCW pre-treatment in biogas production. It is also essential to 
assess the ability of the co-digestion method and SCW pre-treatment on an 
upscale size. The ability of the process to operate in a large-scale anaerobic 
digester will prove its feasibility for industrial scale. Thus, this study focuses 
on investigating the proper mixing ratio and the application of SCW pre-
treatment to improve methane yield from co-digestion of pineapple waste 
and cow dung.  
 
 
1.3  Aim and Objectives  
 
 
The aim of this study is to investigate the enhancement of biogas production 
in anaerobic co-digestion of pineapple waste and cow dung by SCW pre-
treatment. The specific objectives are as follows: 
 

i. To study the suitable organic loading and mixing ratio of pineapple 
waste and cow dung for methane production by anaerobic co-
digestion in a batch experiment. 
 

ii. To determine the optimum SCW pre-treatment conditions of 
pineapple waste such as temperature, time and water to solid ratio 
using Response Surface Methodology (RSM) on biogas production 
by anaerobic co-digestion. 
 

iii. To assess and characterize the impact of untreated and pre-treated 
pineapple waste on the physicochemical and morphology 
properties, methane production, its kinetic and performance in an 
up-scaled anaerobic digester at optimal conditions. 

 
 
1.4  Scope of Study 
 
 
The pineapple wastes (Josephine) were collected from Pasar Borong 
Selangor, Malaysia. Cow dung was collected from a cow farm at Universiti 
Putra Malaysia. Inoculum prepared from anaerobic digestion sludge. The 
characterization of Total Solid (TS), Volatile Solid (VS), pH, ash, moisture 
content, Carbon ©, Nitrogen (N), Total Ammonia Nitrogen (TAN), and C/N 
ratio were analyzed prior to the digestion process. The anaerobic mono and 
co-digestion digestion were performed at 100 mL working volume at 
mesophilic temperature (37 ±1⁰C) at startup pH of 7. The organic loading 
tested at 14 gVS/L to 30 gVS/L. The mixing ratios VS basis were tested at 
1:1,1:2, 1:3, 2:1, 3:1 (Cow dung: Pineapple waste). The gas compositional 
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analysis every ten days. In the pre-treatment, only SCW pre-treatment was 
used. The optimization of SCW pre-treated pineapple waste with cow dung 
using RSM developed from Design-expert software using the same 
condition as preliminary study and mixing ratio at 1:3 VS basis using 30 
gVS/L organic loading. The optimal SCW pre-treated pineapple waste and 
untreated were compared on its methane yield, anaerobic process 
parameters, compositional analysis (lignin cellulose and hemicellulose), 
Fourier Transform Infrared (FTIR), X-ray Diffraction (XRD), Scanning 
Electron Microscopy (SEM), and Thermogravimetric Analysis (TGA) 
analysis. The anaerobic co-digestion of SCW pre-treated pineapple waste 
and cow dung were done in 6.4 L anaerobic digester at 5.4L working 
volume. Kinetic study throughout the research was validated using modified 
Gompertz model equation.  
 
 
1.5  Overview of Thesis 
 
 
Chapter 1 covers the research background and the objectives of the thesis. 
Chapter 2 presents a current literature review on pineapple waste and cow 
dung, and research contributions made towards biogas production. In 
addition, fundamental of anaerobic digestion process and pre-treatment 
methods are also discussed. Chapter 3 explains an overall experimental 
method of anaerobic co-digestion and SCW pre-treatment that includes a 
detailed experimental set-up and design as well as characterization 
techniques. Chapter 4 further presents the results and discussions of the 
study. In this chapter, the mono and anaerobic co-digestion of pineapple 
waste and cow dung at different organic loading mixing ratios based on VS 
content were discussed. The SCW pre-treatment using RSM, fit summary 
and validation of the model, analysis of variance (ANOVA) and model fitting, 
the interactive effect of the process variable were explained. Optimal set of 
SCW pre-treatment parameters are generated from RSM and the optimal 
set of SCW pre-treatments were validated experimentally. The methane 
yield of untreated and optimized SCW pre-treated pineapple waste were 
compared. The effect of SCW pre-treated on the characterization, 
composition, structural modification, and crystallinity index were compared. 
The last section discussed the performance of anaerobic co-digestion of 
SCW pre-treated pineapple waste and cow dung in an upscale anaerobic 
digester. Finally, Chapter 5 presents the conclusion and recommendations 
for future research. 
  



© C
OPYRIG

HT U
PM

113 

 

REFERENCES 

 
 
Abdeshahian, P., Lim, J.S., Ho, W.S., Hashim, H., Lee, C.T., 2016. Potential of 

biogas production from farm animal waste in Malaysia. Renew. Sustain. 
Energy Rev. 60, 714–723.  

Abu Bakar, B., Baharom, S.N.A., Abdul Rani, R., Ahmad, M.T., Zubir, M.N., 
Ahmad Sayuti, A.F., Nordin, M.N., Mhd Bookeri, M.A., Muslimin, J., 2021. 
A Review of Mechanization and Automation in Malaysia’s Pineapple 
Production. Adv. Agric. Food Res. J. 2.  

Achinas, S., Li, Y., Achinas, V., Willem Euverink, G.J., 2018. Influence of sheep 
manure addition on biogas potential and methanogenic communities during 
cow dung digestion under mesophilic conditions. Sustain. Environ. Res. 28, 
240–246.  

Ahmad, F., Silva, E.L., Varesche, M.B.A., 2018. Hydrothermal processing of 
biomass for anaerobic digestion – A review. Renew. Sustain. Energy Rev.  

Ahmad Zamri, M.F.M., Akhiar, A., Mohd Roslan, M.E., Mohd Marzuki, M.H., 
Saad, J.M., Shamsuddin, A.H., 2020. Valorisation of organic fraction 
municipal solid waste via anaerobic co-digestion of Malaysia tropical fruit 
for biogas production. IOP Conf. Ser. Earth Environ. Sci. 476, 012077.  

Ahmed, B., Aboudi, K., Tyagi, V.K., Álvarez-Gallego, C.J., Fernández-Güelfo, 
L.A., Romero-García, L.I., Kazmi, A.A., 2019. Improvement of anaerobic 
digestion of lignocellulosic biomass by hydrothermal pretreatment. Appl. 
Sci.  

Aina, V.O., Ibrahim, M.B., Waziri, P.M., Adewumi, A.A.J., Abdulsalam, 2015. 
Nutrient and Anti-Nutritional Composition of Jam Prepared from Pineapple 
Ananas Comosus. J. Nat. Sci. Res. 5, 2224–3186. 

Aisyah, N., Ismail, M., Abdullah, N., Muhammad, N., 2018. Effect of Microwave-
Assisted Processing on Quality Characteristics of Pineapple Jam. J. Adv. 
Res. Fluid Mech. Therm. Sci. J. homepage 42, 24–30. 

Aksay, M.V., Ozkaymak, M., Calhan, R., 2018. Co-digestion of Cattle Manure 
and Tea Waste for Biogas Production. Int. J. Renew. Energy Res. 8, 1246–
1353. 

Akyol, Ç., Ozbayram, E.G., Ince, O., Kleinsteuber, S., Ince, B., 2016. Anaerobic 
co-digestion of cow manure and barley: Effect of cow manure to barley ratio 
on methane production and digestion stability. Environ. Prog. Sustain. 
Energy 35, 589–595.  

Almomani, F., Bhosale, R.R., 2020. Enhancing the production of biogas through 
anaerobic co-digestion of agricultural waste and chemical pre-treatments. 
Chemosphere 255, 126805.  



© C
OPYRIG

HT U
PM

114 

 

Almomani, F., Shawaqfah, M., Bhosale, R.R., Kumar, A., Khraisheh, M.A.M., 
2017. Intermediate ozonation to enhance biogas production in batch and 
continuous systems using animal dung and agricultural waste. Int. 
Biodeterior. Biodegradation 119, 176–187.  

Antwi, E., Engler, N., Nelles, M., Schüch, A., 2019. Anaerobic digestion and the 
effect of hydrothermal pretreatment on the biogas yield of cocoa pods 
residues. Waste Manag. 88, 131–140. 4 

Anukam, A., Mohammadi, A., Naqvi, M., Granström, K., 2019. A Review of the 
Chemistry of Anaerobic Digestion: Methods of Accelerating and Optimizing 
Process Efficiency. Processes 7, 504.  

APHA, 1998. Standard Methods for Examination of Water and Wastewater, 20th 
ed, American Public Health Association, Washington, DC.  

Arelli, V., Begum, S., Anupoju, G.R., Kuruti, K., Shailaja, S., 2018. Dry anaerobic 
co-digestion of food waste and cattle manure: Impact of total solids, 
substrate ratio and thermal pre treatment on methane yield and quality of 
biomanure. Bioresour. Technol. 253, 273–280.  

Atelge, M.R., Atabani, A.E., Banu, J.R., Krisa, D., Kaya, M., Eskicioglu, C., 
Kumar, G., Lee, C., Yildiz, Y.Ş., Unalan, S., Mohanasundaram, R., Duman, 
F., 2020. A critical review of pretreatment technologies to enhance 
anaerobic digestion and energy recovery. Fuel 270, 117494.  

Aworanti, O. A., Agarry, S.E., Ogunleye, O.O., 2017. Biomethanization of Cattle 
Manure, Pig Manure and Poultry Manure Mixture in Co-digestion with 
Waste of Pineapple Fruit and Content of Chicken-Gizzard- Part I: Kinetic 
and Thermodynamic Modelling Studies. Open Biotechnol. J. 11, 37–53.  

Aworanti, O A, Agarry, S.E., Ogunleye, O.O., 2017. Biomethanization of the 
Mixture of Cattle Manure, Pig Manure and Poultry Manure in Co-Digestion 
with Waste Peels of Pineapple Fruit and Content of Chicken-Gizzard - Part 
II: Optimization of Process Variables. Open Biotechnol. J. 11, 54–71.  

Azelee, N.I.W., Adnan, S.A.M., Manas, N.H.A., Dailin, D.J., Ramli, A.N.M., Illias, 
R.M., 2019. Assessment of microwave-assisted pretreatments for 
enhancing pineapple waste delignification, in: AIP Conference 
Proceedings. American Institute of Physics Inc., p. 020003.  

Azevedo, A., Gominho, J., Duarte, E., 2021. Performance of Anaerobic Co-
digestion of Pig Slurry with Pineapple (Ananas comosus) Bio-waste 
Residues. Waste and Biomass Valorization 12, 303–311. w 

Azouma, Y.O., Reppich, M., Turek, V., Weiß, M., 2018. Using Agricultural Waste 
for Biogas Production as a Sustainable Energy Supply for Developing 
Countries. Chem. Eng. Trans. 70, 445–450.  

Bala, R., Mondal, M.K., 2019. Study of biological and thermo-chemical 
pretreatment of organic fraction of municipal solid waste for enhanced 
biogas yield. Environ. Sci. Pollut. Res. 2019 2722 27, 27293–27304.  



© C
OPYRIG

HT U
PM

115 

 

Banerjee, R., Chintagunta, A.D., Ray, S., 2017. A cleaner and eco-friendly 
bioprocess for enhancing reducing sugar production from pineapple leaf 
waste. J. Clean. Prod. 149, 387–395.  

Banerjee, S., Ranganathan, V., Patti, A., Arora, A., 2018. Valorisation of 
pineapple wastes for food and therapeutic applications. Trends Food Sci. 
Technol. 82, 60–70.  

Barua, V.B., Kalamdhad, A.S., 2018. Anaerobic biodegradability test of water 
hyacinth after microbial pretreatment to optimise the ideal F/M ratio. Fuel 
217, 91–97. 

Bhatia, S.K., Joo, H.-S.S., Yang, Y.-H.H., 2018. Biowaste-to-bioenergy using 
biological methods – A mini-review. Energy Convers. Manag. 177, 640–
660.  

Bi, S., Hong, X., Yang, H., Yu, X., Fang, S., Bai, Y., Liu, J., Gao, Y., Yan, L., 
Wang, W., Wang, Y., 2020. Effect of hydraulic retention time on anaerobic 
co-digestion of cattle manure and food waste. Renew. Energy 150, 213–
220.  

Bochmann, G., Montgomery, L.F.R., 2013. Storage and pre-treatment of 
substrates for biogas production, in: The Biogas Handbook: Science, 
Production and Applications. Elsevier Inc., pp. 85–103.  

Brandt, A., Gräsvik, J., Hallett, J.P., Welton, T., 2013. Deconstruction of 
lignocellulosic biomass with ionic liquids. Green Chem. 15, 550.  

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

Campos, D.A., Ribeiro, T.B., Teixeira, J.A., Pastrana, L., Pintado, M.M., 2020. 
Integral Valorization of Pineapple (Ananas comosus L.) By-Products 
through a Green Chemistry Approach towards Added Value Ingredients. 
Foods 9, 60.  

Carrere, H., Antonopoulou, G., Affes, R., Passos, F., Battimelli, A., Lyberatos, 
G., Ferrer, I., 2016. Review of feedstock pretreatment strategies for 
improved anaerobic digestion: From lab-scale research to full-scale 
application. Bioresour. Technol.  

Caruso, M., Braghieri, A., Capece, A., Napolitano, F., Romano, P., Galgano, F., 
Altieri, G., Genovese, F., 2019. Recent Updates on the Use of Agro-Food 
Waste for Biogas Production. Appl. Sci. 9, 1217.  

Chandra, R., Takeuchi, H., Hasegawa, T., 2012a. Hydrothermal pretreatment of 
rice straw biomass: A potential and promising method for enhanced 
methane production. Appl. Energy 94, 129–140.  

Chandra, R., Takeuchi, H., Hasegawa, T., Kumar, R., 2012b. Improving 
biodegradability and biogas production of wheat straw substrates using 



© C
OPYRIG

HT U
PM

116 

 

sodium hydroxide and hydrothermal pretreatments. Energy 43, 273–282.  

Chaudhary, V., Kumar, Vivak, Singh, K., Kumar, R., Kumar, Vikrant, Vipul 
Chaudhary, C., 2019. Pineapple (Ananas cosmosus) product processing: 
A review. J. Pharmacogn. Phytochem. 8, 4642–4652. 

Chen, A., Guan, Y.J., Bustamante, M., Uribe, L., Uribe-Lorío, L., Roos, M.M., 
Liu, Y., 2020. Production of renewable fuel and value-added bioproducts 
using pineapple leaves in Costa Rica. Biomass and Bioenergy 141, 
105675.  

Chen, J., Wang, X., Zhang, B., Yang, Y., Song, Y., Zhang, F., Liu, B., Zhou, Y., 
Yi, Y., Shan, Y., Lü, X., 2021. Integrating enzymatic hydrolysis into 
subcritical water pretreatment optimization for bioethanol production from 
wheat straw. Sci. Total Environ. 770, 145321.  

Chen, X., Xiang, X., Dai, R., Wang, Y., Ma, P., 2017. Effect of low temperature 
of thermal pretreatment on anaerobic digestion of textile dyeing sludge. 
Bioresour. Technol. 243, 426–432.  

Chen, Y., Yang, H., Zou, H., Sun, T., Li, M., Zhai, J., He, Q., Gu, L., Tang, W.Z., 
2020. Effects of acid/alkali pretreatments on lignocellulosic biomass mono-
digestion and its co-digestion with waste activated sludge. J. Clean. Prod. 
277, 123998.  

Chu, C.-Y., Vo, T.-P., Chen, T.-H., 2020. A novel of biohythane gaseous fuel 
production from pineapple peel waste juice in two-stage of continuously 
stirred anaerobic bioreactors. Fuel 279, 118526.  

Cigolotti, V., 2012. Biomass and Waste as Sustainable Resources, in: Fuel Cells 
in the Waste-to-Energy Chain. Springer, London, United Kingdom, pp. 23–
44.  

Dahunsi, S.O., 2019. Liquefaction of pineapple peel: Pretreatment and process 
optimization. Energy 185, 1017–1031.  

Dahunsi, S.O., Ogunwole, J.O., Owoseni, A.A., Olutona, G.O., Nejo, Y.T., 
Atobatele, O.E., 2021. Valorization of pineapple peel and poultry manure 
for clean energy generation. Food Energy Secur. e228.  

Dahunsi, S.O., Osueke, C.O., Olayanju, T.M.A., Lawal, A.I., 2019. Co-digestion 
of Theobroma cacao (Cocoa) pod husk and poultry manure for energy 
generation: Effects of pretreatment methods. Bioresour. Technol. 283, 
229–241.  

Dasgupta, A., Chandel, M.K., 2019. Enhancement of biogas production from 
organic fraction of municipal solid waste using hydrothermal pretreatment. 
Bioresour. Technol. Reports 7, 100281.  

Deng, Y.G., Wang, J.L., Jiao, J., Zhang, J., Peng, Z.L., Zheng, Y., Wang, G., 
Qin, S.M., 2012. Effects of Temperature on Gas Production Efficiency and 
Fermentation Time of Anaerobic Fermentation of Pineapple Leaf Residue. 



© C
OPYRIG

HT U
PM

117 

 

Adv. Mater. Res. 512–515, 392–396.  

Edwiges, T., Bastos, J.A., Lima Alino, J.H., D’Avila, L., Frare, L.M., Somer, J.G., 
2019. Comparison of various pretreatment techniques to enhance 
biodegradability of lignocellulosic biomass for methane production. J. 
Environ. Chem. Eng. 7, 103495.  

Elina, T., 2016. Utilization of Food Waste via Anaerobic Digestion. Tampere 
University of Technology, Tampere,Findland. 

Elsayed, M., Andres, Y., Blel, W., Gad, A., Ahmed, A., 2016. Effect of VS organic 
loads and buckwheat husk on methane production by anaerobic co-
digestion of primary sludge and wheat straw. Energy Convers. Manag. 117, 
538–547.  

FAO, 2021. Faostat Database. URL https://www.fao.org/faostat/en (accessed 
10.17.21). 

FAO, 2018a. Faostat Database. URL http://www.fao.org/faostat (accessed 
3.12.21). 

FAO, 2018b. Faostat Databas. URL http://www.fao.org/faostat (accessed 
3.19.21). 

Feng, J., Zhang, Jiyu, Zhang, Jiafu, He, Y., Zhang, R., Chen, C., Liu, G., 2017. 
Enhanced methane production of vinegar residue by response surface 
methodology (RSM). AMB Express 7, 1–8.  

Filer, J., Ding, H.H., Chang, S., 2019. Biochemical Methane Potential (BMP) 
Assay Method for Anaerobic Digestion Research. Water 11, 921.  

Font-Palma, C., 2019. Methods for the Treatment of Cattle Manure—A Review. 
C-Journal Carbon Res. 5, 27.  

Gaballah, E.S., Abomohra, A.E.-F., Xu, C., Elsayed, M., Abdelkader, T.K., Lin, 
J., Yuan, Q., 2020. Enhancement of biogas production from rape straw 
using different co-pretreatment techniques and anaerobic co-digestion with 
cattle manure. Bioresour. Technol. 309, 123311.  

Garrity, D.P., Akinnifesi, F.K., Ajayi, O.C., Weldesemayat, S.G., Mowo, J.G., 
Kalinganire, A., Larwanou, M., Bayala, J., 2010. Evergreen Agriculture: a 
robust approach to sustainable food security in Africa. Food Secur. 2, 197–
214.  

Giuliano, A., Bolzonella, D., Pavan, P., Cavinato, C., Cecchi, F., 2013. Co-
digestion of livestock effluents, energy crops and agro-waste: Feeding and 
process optimization in mesophilic and thermophilic conditions. Bioresour. 
Technol. 128, 612–618.  

Gopinathan, M., Kumaran, P., Rahaman, A.A., Bt Ismail, Z., 2018. Progress of 
Biogas Industry in Malaysia: Cattle Manure as Potential Substrate for 
Biogas Production and Issue and Challenges, in: 2018 International 



© C
OPYRIG

HT U
PM

118 

 

Conference and Utility Exhibition on Green Energy for Sustainable 
Development (ICUE). IEEE, pp. 1–7.  

Gupta, K.K., Aneja, K.R., Rana, D., 2016. Current status of cow dung as a 
bioresource for sustainable development. Bioresour. Bioprocess.  

Hagos, K., Zong, J., Li, D., Liu, C., Lu, X., 2017. Anaerobic co-digestion process 
for biogas production: Progress, challenges and perspectives. Renew. 
Sustain. Energy Rev. 

Hamzah, M.H., Bowra, S., Simmons, M., Cox, P., 2016. The Impact of Process 
Parameters on the Purity And Chemical Properties Of Lignin Extracted 
from Miscanthus x giganteus Using a Modified Organosolv Method, in: 24th 
European Biomass Conference and Exhibition. pp. 1754–1759. 

Han, Y.S., 2020. Ladang The Eco-Yap berpotensi jadi destinasi 
agropelancongan. Utusan Borneo Online. 

Haryanto, A., Triyono, S., Wicaksono, N.H., 2018. Effect of hydraulic retention 
time on biogas production from cow dung in a semi continuous anaerobic 
digester. Int. J. Renew. Energy Dev. 7, 93–100.  

Hassaan, M.A., El Nemr, A., Elkatory, M.R., Eleryan, A., Ragab, S., El Sikaily, 
A., Pantaleo, A., 2021. Enhancement of Biogas Production from 
Macroalgae Ulva latuca via Ozonation Pretreatment. Energies 14, 1703.  

Hassan, A., Othman, Z., Siriphanich, J., 2011. Pineapple ( Ananas comosus L. 
Merr.), in: Postharvest Biology and Technology of Tropical and Subtropical 
Fruits. Elsevier, pp. 194-218e.  

Holliger, C., Alves, M., Andrade, D., Angelidaki, I., Astals, S., Baier, U., Bougrier, 
C., Buffière, P., Carballa, M., de Wilde, V., Ebertseder, F., Fernández, B., 
Ficara, E., Fotidis, I., Frigon, J.-C., de Laclos, H.F., Ghasimi, D.S.M., Hack, 
G., Hartel, M., Heerenklage, J., Horvath, I.S., Jenicek, P., Koch, K., 
Krautwald, J., Lizasoain, J., Liu, J., Mosberger, L., Nistor, M., Oechsner, 
H., Oliveira, J.V., Paterson, M., Pauss, A., Pommier, S., Porqueddu, I., 
Raposo, F., Ribeiro, T., Rüsch Pfund, F., Strömberg, S., Torrijos, M., van 
Eekert, M., van Lier, J., Wedwitschka, H., Wierinck, I., 2016. Towards a 
standardization of biomethane potential tests. Water Sci. Technol. 74, 
2515–2522.  

Hossain, M.F., 2016. World pineapple production: An overview. African J. Food, 
Agric. Nutr. Dev. 16, 11443–11456.  

Hosseini, S.E., Wahid, M.A., 2013. Feasibility study of biogas production and 
utilization as a source of renewable energy in Malaysia. Renew. Sustain. 
Energy Rev. 19, 454–462.  

Jafari-Sejahrood, A., Najafi, B., Faizollahzadeh Ardabili, S., Shamshirband, S., 
Mosavi, A., Chau, K., 2019. Limiting factors for biogas production from cow 
manure: energo-environmental approach. Eng. Appl. Comput. Fluid Mech. 
13, 954–966.  



© C
OPYRIG

HT U
PM

119 

 

Jehan, O.S., Sanusi, S.N.A., Sukor, M.Z., Noraini, M., Buddin, M.M.H.S., Hamid, 
K.H.K., 2017. Biogas production from pineapple core - A preliminary study, 
in: AIP Conference Proceedings. American Institute of Physics Inc., p. 
020246.  

Jin, W., Xu, X., Yang, F., Li, C., Zhou, M., 2018. Performance enhancement by 
rumen cultures in anaerobic co-digestion of corn straw with pig manure. 
Biomass and Bioenergy 115, 120–129.  

Kafle, G.K., Chen, L., 2016. Comparison on batch anaerobic digestion of five 
different livestock manures and prediction of biochemical methane 
potential (BMP) using different statistical models. Waste Manag. 48, 492–
502.  

Kainthola, J., Kalamdhad, A.S., Goud, V. V., 2020. Optimization of process 
parameters for accelerated methane yield from anaerobic co-digestion of 
rice straw and food waste. Renew. Energy 149, 1352–1359.  

Kainthola, J., Kalamdhad, A.S., Goud, V. V., 2019a. Optimization of methane 
production during anaerobic co-digestion of rice straw and hydrilla 
verticillata using response surface methodology. Fuel 235, 92–99.  

Kainthola, J., Kalamdhad, A.S., Goud, V. V., Goel, R., 2019b. Fungal 
pretreatment and associated kinetics of rice straw hydrolysis to accelerate 
methane yield from anaerobic digestion. Bioresour. Technol. 286, 121368.  

Kainthola, J., Shariq, M., Kalamdhad, A.S., Goud, V. V., 2019c. Electrohydrolysis 
pretreatment methods to enhance the methane production from anaerobic 
digestion of rice straw using graphite electrode. Renew. Energy 142, 1–10.  

Kalsum, L., Hasan, A., Rusdianasari, Husaini, A., Bow, Y., 2020. Evaluation of 
Main Parameter Process of Anaerobic Digestion of Cow Dung in Fixed 
Dome Biodigester on Methane Gas Quality. J. Phys. Conf. Ser. 1500, 
012060.  

Karuppiah, T., Azariah, V.E., 2019. Biomass Pretreatment for Enhancement of 
Biogas Production, in: Anaerobic Digestion. IntechOpen.  

Khan, M.A., Ngo, H.H., Guo, W.S., Liu, Y., Nghiem, L.D., Hai, F.I., Deng, L.J., 
Wang, J., Wu, Y., 2016. Optimization of process parameters for production 
of volatile fatty acid, biohydrogen and methane from anaerobic digestion. 
Bioresour. Technol. 219, 38–748.  

Khedkar, M.A., Nimbalkar, P.R., Gaikwad, S.G., Chavan, P. V., Bankar, S.B., 
2017. Sustainable biobutanol production from pineapple waste by using 
Clostridium acetobutylicum B 527: Drying kinetics study. Bioresour. 
Technol. 225, 359–366.  

Kim, D., Lee, K., Park, K.Y., 2015. Enhancement of biogas production from 
anaerobic digestion of waste activated sludge by hydrothermal pre-
treatment. Int. Biodeterior. Biodegrad. 101, 42–46.  



© C
OPYRIG

HT U
PM

120 

 

Kim, H.-W., Han, S.-K., Shin, H.-S., 2003. The optimisation of food waste 
addition as a co-substrate in anaerobic digestion of sewage sludge. Waste 
Manag. Res. 21, 515–26.  

Korai, M.S., Mahar, R.B., Uqaili, M.A., 2018. The seasonal evolution of fruit, 
vegetable and yard wastes by mono, co and tri-digestion at Hyderabad, 
Sindh Pakistan. Waste Manag. 71, 461–473.  

Kumar, M., Jacob, S., Upadrasta, L., Banerjee, R., 2017. Biomethanation of 
Pineapple Wastes Using Potent Anaerobic Consortia Substituting Cow 
Manure. Environ. Eng. Manag. J. 16, 2647–2655.  

Lachos-Perez, D., Brown, A.B., Mudhoo, A., Timko, M.T., Rostagno, M.A., 
Forster-Carneiro, T., 2017. Applications of subcritical and supercritical 
water conditions for extraction, hydrolysis, gasification, and carbonization 
of biomass: a critical review. Biofuel Res. J. 4, 611–626.  

Lee, J., 2019. Eco Yap - Leading the way for sustainable dairy farming. 
Sabaheats. URL http://www.sabaheats.com (accessed 2.8.22). 

Lee, Z.S., Chin, S.Y., Cheng, C.K., 2019. An evaluation of subcritical 
hydrothermal treatment of end-of-pipe palm oil mill effluent. Heliyon 5, 
e01792.  

Lemaire, A., Limbourg, S., 2019. How can food loss and waste management 
achieve sustainable development goals? J. Clean. Prod. 234, 1221–1234.  

Li, D., Liu, S., Mi, L., Li, Z., Yuan, Y., Yan, Z., Liu, X., 2015. Effects of feedstock 
ratio and organic loading rate on the anaerobic mesophilic co-digestion of 
rice straw and cow manure. Bioresour. Technol. 189, 319–326.  

Li, K., Liu, R., Cui, S., Yu, Q., Ma, R., 2018. Anaerobic co-digestion of animal 
manures with corn stover or apple pulp for enhanced biogas production. 
Renew. Energy 118, 335–342.  

Li, K., Liu, R., Sun, C., 2015. Comparison of anaerobic digestion characteristics 
and kinetics of four livestock manures with different substrate 
concentrations. Bioresour. Technol. 198, 133–140.  

Li, T., Shen, P., Liu, W., Liu, C., Liang, R., Yan, N., Chen, J., 2014. Major 
Polyphenolics in Pineapple Peels and their Antioxidant Interactions. Int. J. 
Food Prop. 17, 1805–1817.  

Lim, Y.F., Chan, Y.J., Abakr, Y.A., Sethu, V., Selvarajoo, A., Singh, A., Lee, J., 
Gareth, M., 2021. Evaluation of potential feedstock for biogas production 
via anaerobic digestion in Malaysia: kinetic studies and economics 
analysis. Environ. Technol. 1–18.  

Lin, C.-Y., Lu, C., 2021. Development perspectives of promising lignocellulose 
feedstocks for production of advanced generation biofuels: A review. 
Renew. Sustain. Energy Rev. 136, 110445.  



© C
OPYRIG

HT U
PM

121 

 

Liotta, F., D’Antonio, G., Esposito, G., Fabbricino, M., Van Hullebusch, E.D., 
Lens, P.N.L., Pirozzi, F., Pontoni, L., 2014. Effect of total solids content on 
methane and volatile fatty acid production in anaerobic digestion of food 
waste. Waste Manag. Res. 32, 947–953. 

Lisboa, M.S., Lansing, S., 2013. Characterizing food waste substrates for co-
digestion through biochemical methane potential (BMP) experiments. 
Waste Manag. 33, 2664–2669.  

Liu, J., Zhao, M., Lv, C., Yue, P., 2020. The effect of microwave pretreatment on 
anaerobic co-digestion of sludge and food waste: Performance, kinetics 
and energy recovery. Environ. Res. 189, 109856.  

López González, L.M., Pereda Reyes, I., Dewulf, J., Budde, J., Heiermann, M., 
Vervaeren, H., 2014. Effect of liquid hot water pre-treatment on sugarcane 
press mud methane yield. Bioresour. Technol. 169, 284–290.  

Maciel-Silva, F.W., Mussatto, S.I., Forster-Carneiro, T., 2019. Integration of 
subcritical water pretreatment and anaerobic digestion technologies for 
valorization of açai processing industries residues. J. Clean. Prod. 228,  

MAFI, 2021. National Agrofood Policy 2021-2030 - MAFI. Minist. Agric. Food Ind. 
URL https://www.mafi.gov.my (accessed 11.19.21). 

Mahmoodi-Eshkaftaki, M., Rahmanian-Koushkaki, H., 2020. An optimum 
strategy for substrate mixture and pretreatment in biogas plants: Potential 
application for high-pH waste management. Waste Manag. 113, 329–341.  

Maneeintr, K., Leewisuttikul, T., Kerdsuk, S., Charinpanitkul, T., 2018. 
Hydrothermal and enzymatic treatments of pineapple waste for energy 
production. Energy Procedia 152, 1260–1265.  

Manorach, K., Poonsrisawat, A., Viriya-Empikul, N., Laosiripojana, N., 2015. 
Optimization of Sub-Critical Water Pretreatment for Enzymatic Hydrolysis 
of Sugarcane Bagasse, in: Energy Procedia. Elsevier Ltd, pp. 937–942.  

Mansor, A.M., Lim, J.S., Ani, F.N., Hashim, H., Ho, W.S., 2018. Ultimate and 
Proximate Analysis of Malaysia Pineapple Biomass from MD2 Cultivar for 
Biofuel Application, in: Chemical Engineering Transactions. pp. 127–132.  

Manyi-Loh, C., Mamphweli, S., Meyer, E., Okoh, A., Makaka, G., Simon, M., 
2013. Microbial Anaerobic Digestion (Bio-Digesters) as an Approach to the 
Decontamination of Animal Wastes in Pollution Control and the Generation 
of Renewable Energy. Int. J. Environ. Res. Public Health 10, 4390–4417.  

Mata-Alvarez, J., Macé, S., Llabrés, P., 2000. Anaerobic digestion of organic 
solid wastes. An overview of research achievements and perspectives. 
Bioresour. Technol. 74, 3–16.  

McPhail, S.J., Cigolotti, V., Moreno, A., 2012. Fuel cells in the waste-to-energy 
Chain. Green Energy Technol. 45.  



© C
OPYRIG

HT U
PM

122 

 

Md Zaki, N.A., Abd Rahman, N., Ahmad Zamanhuri, N., Abd Hashib, S., 2017. 
Ascorbic Acid Content and Proteolytic Enzyme Activity of Microwave-Dried 
Pineapple Stem and Core, in: Chemical Engineering Transactions. pp. 
1369–1374.  

Meegoda, J., Li, B., Patel, K., Wang, L., 2018. A Review of the Processes, 
Parameters, and Optimization of Anaerobic Digestion. Int. J. Environ. Res. 
Public Health 15, 2224.  

Moestedt, J., Müller, B., Westerholm, M., Schnürer, A., 2016. Ammonia 
threshold for inhibition of anaerobic digestion of thin stillage and the 
importance of organic loading rate. Microb. Biotechnol. 9, 180–194.  

Mohd Ali, M., Hashim, N., Abd Aziz, S., Lasekan, O., 2020. Pineapple (Ananas 
comosus): A comprehensive review of nutritional values, volatile 
compounds, health benefits, and potential food products. Food Res. Int. 
137, 109675.  

Molinuevo-Salces, B., García-González, M.C., González-Fernández, C., 
Cuetos, M.J., Morán, A., Gómez, X., 2010. Anaerobic co-digestion of 
livestock wastes with vegetable processing wastes: A statistical analysis. 
Bioresour. Technol. 101, 9479–9485.  

Möller, M., Nilges, P., Harnisch, F., Schröder, U., 2011. Subcritical water as 
reaction environment: Fundamentals of hydrothermal biomass 
transformation. ChemSusChem.  

Morales-Polo, C., del Mar Cledera-Castro, M., Moratilla Soria, B.Y., 2018. 
Reviewing the Anaerobic Digestion of Food Waste: From Waste 
Generation and Anaerobic Process to Its Perspectives. Appl. Sci. 8, 1804.  

MPIB, 2018. Publication | Malaysian Pineapple Industry Board. Malaysian 
Pineapple Ind. Board. URL http://www.mpib.gov.my (accessed 3.31.21). 

Muenmee, S., Prasertboonyai, K., 2021. Potential Biogas Production Generated 
by Mono- and Co-digestion of Food Waste and Fruit Waste (Durian Shell, 
Dragon Fruit and Pineapple Peel) in Different Mixture Ratio under 
Anaerobic Condition. Environ. Res. Eng. Manag. 77, 25–35.  

Neshat, S.A., Mohammadi, M., Najafpour, G.D., Lahijani, P., 2017. Anaerobic 
co-digestion of animal manures and lignocellulosic residues as a potent 
approach for sustainable biogas production. Renew. Sustain. Energy Rev.  

Nga, N.T., Trang, N.T., 2015. Influence of the fermentation of pineapple wastes 
with the use of Methanobacterium strains separated in Vietnam on the 
production of biogas from them. J. Eng. Phys. Thermophys. 88, 392–397.  

Nguyen, T.-T., Chu, C.-Y., Ou, C.-M., 2021. Pre-treatment study on two-stage 
biohydrogen and biomethane productions in a continuous co-digestion 
process from a mixture of swine manure and pineapple waste. Int. J. 
Hydrogen Energy 46, 11325–11336.  



© C
OPYRIG

HT U
PM

123 

 

Noonari, A.A., Mahar, R.B., Sahito, A.R., Brohi, K.M., 2020. Effects of isolated 
fungal pretreatment on bio-methane production through the co-digestion of 
rice straw and buffalo dung. Energy 206, 118107.  

Nurliyana, M.Y., H’ng, P.S., Rasmina, H., Kalsom, M.S.U., Chin, K.L., Lee, S.H., 
Lum, W.C., Khoo, G.D., 2015. Effect of C/N ratio in methane productivity 
and biodegradability during facultative co-digestion of palm oil mill effluent 
and empty fruit bunch. Ind. Crops Prod. 76, 409–415.  

O-Thong, S., Boe, K., Angelidaki, I., 2012. Thermophilic anaerobic co-digestion 
of oil palm empty fruit bunches with palm oil mill effluent for efficient biogas 
production. Appl. Energy 93, 648–654.  

Ofomatah, A.C., Ugwu, K.E., Ani, J.U., 2021. Biogas Production and Storage 
from Pig Dung Co-Digested With Pineapple Peel. IOP Conf. Ser. Earth 
Environ. Sci. 730, 012004.  

Orhorhoro, E.K., Ebunilo, P.O., Sadjere, G.E., 2017. Experimental Determination 
of Effect of Total Solid (TS) and Volatile Solid (VS) on Biogas Yield. Am. J. 
Mod. Energy 3, 131–135.  

Padzil, F.N.M., Ainun, Z.M.A., Abu Kassim, N., Lee, S.H., Lee, C.H., Ariffin, H., 
Zainudin, E.S., 2020. Chemical, Physical and Biological Treatments of 
Pineapple Leaf Fibres, in: Green Energy and Technology. Springer, pp. 
73–90.  

Panigrahi, S., Sharma, H.B., Dubey, B.K., 2020. Anaerobic co-digestion of food 
waste with pretreated yard waste: A comparative study of methane 
production, kinetic modeling and energy balance. J. Clean. Prod. 243, 
118480.  

Pardo, M.E.S., Cassellis, M.E.R., Escobedo, R.M., García, E.J., 2014. Chemical 
Characterisation of the Industrial Residues of the Pineapple (Ananas 
comosus). J. Agric. Chem. Environ. 03, 53–56.  

Park, M., Kim, N., Jung, S., Jeong, T.-Y., Park, D., 2021. Optimization and 
comparison of methane production and residual characteristics in 
mesophilic anaerobic digestion of sewage sludge by hydrothermal 
treatment. Chemosphere 264, 128516.  

Patinvoh, R.J., Osadolor, O.A., Chandolias, K., Sárvári Horváth, I., Taherzadeh, 
M.J., 2017. Innovative pretreatment strategies for biogas production. 
Bioresour. Technol.  

Paudel, S.R., Banjara, S.P., Choi, O.K., Park, K.Y., Kim, Y.M., Lee, J.W., 2017. 
Pretreatment of agricultural biomass for anaerobic digestion: Current state 
and challenges. Bioresour. Technol. 245, 1194–1205.  

Pečar, D., Pohleven, F., Goršek, A., 2020. Kinetics of methane production during 
anaerobic fermentation of chicken manure with sawdust and fungi pre-
treated wheat straw. Waste Manag. 102, 170–178.  



© C
OPYRIG

HT U
PM

124 

 

Pei, P., Zhang, C., Li, Jihong, Chang, S., Li, S., Wang, J., Zhao, M., Li, Jiang, 
Yu, M., Chen, X., 2014. Optimization of NaOH Pretreatment for 
Enhancement of Biogas Production of Banana Pseudo-Stem Fiber using 
Response Surface Methodology. BioResources 9, 5073–5087.  

Phuttaro, C., Sawatdeenarunat, C., Surendra, K.C., Boonsawang, P., 
Chaiprapat, S., Khanal, S.K., 2019. Anaerobic digestion of hydrothermally-
pretreated lignocellulosic biomass: Influence of pretreatment temperatures, 
inhibitors and soluble organics on methane yield. Bioresour. Technol. 284, 
128–138.  

Polizzi, C., Alatriste-Mondragón, F., Munz, G., 2018. The role of organic load 
and ammonia inhibition in anaerobic digestion of tannery fleshing. Water 
Resour. Ind. 19, 25–34.  

Prabhu, M.S., Mutnuri, S., 2016. Anaerobic co-digestion of sewage sludge and 
food waste. Waste Manag. Res. 34, 307–315.  

Rabii, A., Aldin, S., Dahman, Y., Elbeshbishy, E., 2019. A Review on Anaerobic 
Co-Digestion with a Focus on the Microbial Populations and the Effect of 
Multi-Stage Digester Configuration. Energies 12, 1106.  

Raposo, F., De la Rubia, M.A., Fernández-Cegrí, V., Borja, R., 2012. Anaerobic 
digestion of solid organic substrates in batch mode: An overview relating to 
methane yields and experimental procedures. Renew. Sustain. Energy 
Rev. 16, 861–877.  

Reith, J.H., Wijffels, R.H., Barten, H., 2003. Bio-methane and bio-hydrogen: 
status and perspectives of biological methane and hydrogen production., 
Dutch Biological Hydrogen Foundation. Dutch Biological Hydrogen 
Foundation-NOVEM, The Hague, The Netherlands. 

Rico, X., Gullón, B., Alonso, J.L., Yáñez, R., 2020. Recovery of high value-added 
compounds from pineapple, melon, watermelon and pumpkin processing 
by-products: An overview. Food Res. Int. 132, 109086.  

RMKe12, 2021. Twelfth Malaysia Plan, 2021-2025. Econ. Plan. Unit. URL 
https://rmke12.epu.gov.my (accessed 11.19.21). 

Roda, A., Lambri, M., 2019. Food uses of pineapple waste and by‐products: a 
review. Int. J. Food Sci. Technol. 54, 1009–1017. h 

Rodić, L., Wilson, D., 2017. Resolving Governance Issues to Achieve Priority 
Sustainable Development Goals Related to Solid Waste Management in 
Developing Countries. Sustainability 9, 404.  

Rosales, E., Escudero, S., Pazos, M., Sanromán, M.A., 2019. Sustainable 
Removal of Cr(VI) by Lime Peel and Pineapple Core Wastes. Appl. Sci. 9, 
1967.  

Saha, B.C., Yoshida, T., Cotta, M.A., Sonomoto, K., 2013. Hydrothermal 
pretreatment and enzymatic saccharification of corn stover for efficient 



© C
OPYRIG

HT U
PM

125 

 

ethanol production. Ind. Crops Prod. 44, 367–372.  

Saha, S., Jeon, B.-H., Kurade, M.B., Jadhav, S.B., Chatterjee, P.K., Chang, 
S.W., Govindwar, S.P., Kim, S.J., 2018. Optimization of dilute acetic acid 
pretreatment of mixed fruit waste for increased methane production. J. 
Clean. Prod. 190, 411–421.  

Santos, L.A. dos, Valença, R.B., Silva, L.C.S. da, Holanda, S.H. de B., Silva, 
A.F.V. da, Jucá, J.F.T., Santos, A.F.M.S., 2020. Methane generation 
potential through anaerobic digestion of fruit waste. J. Clean. Prod. 256, 
120389.  

Sawatdeenarunat, C., Surendra, K.C., Takara, D., Oechsner, H., Khanal, S.K., 
2015. Anaerobic digestion of lignocellulosic biomass: Challenges and 
opportunities. Bioresour. Technol. 178, 178–186.  

Selvankumar, T., Sudhakar, C., Govindaraju, M., Selvam, K., Aroulmoji, V., 
Sivakumar, N., Govarthanan, M., 2017. Process optimization of biogas 
energy production from cow dung with alkali pre-treated coffee pulp. 3 
Biotech 7, 254.  

Şenol, H., Erşan, M., Görgün, E., 2020. Optimization of temperature and 
pretreatments for methane yield of hazelnut shells using the response 
surface methodology. Fuel 271, 117585.  

Sepúlveda, L., Romaní, A., Aguilar, C.N., Teixeira, J., 2018. Valorization of 
pineapple waste for the extraction of bioactive compounds and glycosides 
using autohydrolysis. Innov. Food Sci. Emerg. Technol. 47, 38–45.  

Shaibur, M.R., Husain, H., Arpon, S.H., 2021. Utilization of cow dung residues 
of biogas plant for sustainable development of a rural community. Curr. 
Res. Environ. Sustain. 3, 100026.  

Shamsul, N.S., Kamarudin, S.K., Kofli, N.T., Rahman, N.A., 2017. Optimization 
of bio-methanol production from goat manure in single stage bio-reactor. 
Int. J. Hydrogen Energy 42, 9031–9043.  

Shen, F., Li, H., Wu, X., Wang, Y., Zhang, Q., 2018. Effect of organic loading 
rate on anaerobic co-digestion of rice straw and pig manure with or without 
biological pretreatment. Bioresour. Technol. 250, 155–162.  

Shen, J., Zhao, C., Liu, Y., Zhang, R., Liu, G., Chen, C., 2019. Biogas production 
from anaerobic co-digestion of durian shell with chicken, dairy, and pig 
manures. Energy Convers. Manag. 198, 110535.  

Shitu, A., Izhar, S., Tahir, T.M., 2015. Sub-critical water as a green solvent for 
production of valuable materials from agricultural waste biomass: A review 
of recent work. Glob. J. Environ. Sci. Manag.  

Sidik, U., Razali, F., Alwi, S., Maigari, F., 2013. Biogas production through Co-
digestion of palm oil mill effluent with cow manure. Niger. J. Basic Appl. 
Sci. 21. 



© C
OPYRIG

HT U
PM

126 

 

Sindhu, R., Gnansounou, E., Rebello, S., Binod, P., Varjani, S., Thakur, I.S., 
Nair, R.B., Pandey, A., 2019. Conversion of food and kitchen waste to 
value-added products. J. Environ. Manage. 241, 619–630.  

Siow, L.-F., Lee, K.-H., 2016. Canned, frozen and dried pineapple, in: Handbook 
of Pineapple Technology. John Wiley & Sons, Ltd, Chichester, UK, pp. 
126–139. 

Song, Z., GaiheYang, Liu, X., Yan, Z., Yuan, Y., Liao, Y., 2014. Comparison of 
Seven Chemical Pretreatments of Corn Straw for Improving Methane Yield 
by Anaerobic Digestion. PLoS One 9, e93801.  

Suaisom, P., Pholchan, P., Man, H.C., Aggarangsi, P., 2019. Optimization of 
Hydrothermal Conditioning Conditions for Pennisetum purpureum x 
Pennisetum americanum (Napier PakChong1 grass) to Produce the Press 
Fluid for Biogas Production. Pertanika J. Sci. Technol. 27, 109–122. 

Sun, S.S., Sun, S.S., Cao, X., Sun, R., 2016. The role of pretreatment in 
improving the enzymatic hydrolysis of lignocellulosic materials. Bioresour. 
Technol.  

Szymajda, A., Łaska, G., Joka, M., 2021. Assessment of Cow Dung Pellets as a 
Renewable Solid Fuel in Direct Combustion Technologies. Energies 14, 
1192.  

Taherzadeh, M.J., Karimi, K., 2008. Pretreatment of Lignocellulosic Wastes to 
Improve Ethanol and Biogas Production: A Review. Int. J. Mol. Sci. 9, 
1621–1651.  

Takashima, M., Yaguchi, J., 2021. High-solids thermophilic anaerobic digestion 
of sewage sludge: effect of ammonia concentration. J. Mater. Cycles Waste 
Manag. 23, 205–213.  

Tan, J.B., Jamali, N.S., Tan, W.E., Che Man, H., Zainal Abidin, Z., 2021. Techno-
Economic Assessment of On-Farm Anaerobic Digestion System Using 
Attached-Biofilm Reactor in the Dairy Industry. Sustainability 13, 2063.  

TAPPI, 1950. T.A.P.P.I. standards: Testing methods, recommended practices, 
specifications of the Technical Association of the Pulp and Paper Industry. 
Technical Association of the Pulp and Paper Industry, New York. 

Teghammar, A., Yngvesson, J., Lundin, M., Taherzadeh, M.J., Horváth, I.S., 
2010. Pretreatment of paper tube residuals for improved biogas production. 
Bioresour. Technol. 101, 1206–1212.  

Tian, W., Chen, Y., Shen, Y., Zhong, C., Gao, M., Shi, D., He, Q., Gu, L., 2020. 
Effects of hydrothermal pretreatment on the mono- and co-digestion of 
waste activated sludge and wheat straw. Sci. Total Environ. 732, 139312.  

Timung, R., Goud, V. V., 2018. Subcritical water hydrolysis of spent Java 
Citronella biomass for production of reducing sugar. Mater. Today Proc. 5, 
23128–23135.  



© C
OPYRIG

HT U
PM

127 

 

Toor, S.S., Rosendahl, L., Rudolf, A., 2011. Hydrothermal liquefaction of 
biomass: A review of subcritical water technologies. Energy.  

Tufaner, F., Avşar, Y., 2016. Effects of co-substrate on biogas production from 
cattle manure: a review. Int. J. Environ. Sci. Technol. 13, 2303–2312.  

Usman, T.M.M., Kavitha, S., Banu, J.R., Kaliappan, S., 2020. Valorization of food 
waste for biogas, biohydrogen, and biohythane generation, in: Food Waste 
to Valuable Resources. Elsevier, pp. 15–38.  

Voloshin, R.A., Rodionova, M. V., Zharmukhamedov, S.K., Nejat Veziroglu, T., 
Allakhverdiev, S.I., 2016. Review: Biofuel production from plant and algal 
biomass. Int. J. Hydrogen Energy 41, 17257–17273.  

Wang, D., Shen, F., Yang, G., Zhang, Y., Deng, S., Zhang, J., Zeng, Y., Luo, T., 
Mei, Z., 2018. Can hydrothermal pretreatment improve anaerobic digestion 
for biogas from lignocellulosic biomass? Bioresour. Technol. 249, 117–124.  

Weinrich, S., Schäfer, F., BOchmann, G., Liebetrau, J., 2018. Value of batch test 
for biogs potential analysis. Method comparison and challenges of 
substrate and efficiency evaluation of biogas plants, IEA Bioenergy Task 
37. 

Wenjing, L., Chao, P., Lama, A., Xindi, F., Rong, Y., Dhar, B.R., 2019. Effect of 
pre-treatments on biological methane potential of dewatered sewage 
sludge under dry anaerobic digestion. Ultrason. Sonochem. 52, 224–231.  

Wichitsathian, B., Yimrattanabavorn, J., Wonglertarak, W., 2020. Enhancement 
of biogas production from pineapple waste by acid-alkaline pretreatment. 
IOP Conf. Ser. Earth Environ. Sci. 471, 012005.  

Xiang, C., Tian, D., Hu, J., Huang, M., Shen, F., Zhang, Y., Yang, G., Zeng, Y., 
Deng, S., 2021. Why can hydrothermally pretreating lignocellulose in low 
severities improve anaerobic digestion performances? Sci. Total Environ. 
752, 141929.  

Xie, S., Lawlor, P.G., Frost, J.P., Hu, Z., Zhan, X., 2011. Effect of pig manure to 
grass silage ratio on methane production in batch anaerobic co-digestion 
of concentrated pig manure and grass silage. Bioresour. Technol. 102, 
5728–5733.  

Yadav, M., Paritosh, K., Pareek, N., Vivekanand, V., 2019. Coupled treatment of 
lignocellulosic agricultural residues for augmented biomethanation. J. 
Clean. Prod. 213, 75–88. https://doi.org/10.1016/j.jclepro.2018.12.142 

Yahayu, M., Mahmud, K.N., Mahamad, M.N., Ngadiran, S., Lipeh, S., Ujang, S., 
Zakaria, Z.A., 2017. Efficacy of Pyroligneous Acid From Pineapple Waste 
Biomass As Wood Preserving Agent. J. Teknol. 79, 1–8.  

Yenigün, O., Demirel, B., 2013. Ammonia inhibition in anaerobic digestion: A 
review. Process Biochem. 48, 901–911.  



© C
OPYRIG

HT U
PM

128 

 

Yılmaz, Ş., Şahan, T., 2020. Utilization of pumice for improving biogas 
production from poultry manure by anaerobic digestion: A modeling and 
process optimization study using response surface methodology. Biomass 
and Bioenergy 138, 105601.  

Yusof, T.R.T., 2019. Anaerobic digestion of food waste with chicken manure for 
hydrogen and methane production. Universiti Putra Malaysia (Unpublished 
PhD Thesis). 

Yusof, T.R.T., Rahman, N.A., Ariff, A.B., Man, H.C., 2019. Evaluation of 
Hydrogen and Methane Production from Co-digestion of Chicken Manure 
and Food Waste. Polish J. Environ. Stud. 28, 3003–3014.  

Zaidi, A.A., Feng, R., Malik, A., Khan, S.Z., Shi, Y., Bhutta, A.J., Shah, A.H., 
2019. Combining Microwave Pretreatment with Iron Oxide Nanoparticles 
Enhanced Biogas and Hydrogen Yield from Green Algae. Processes 7, 24.  

Zain, N.A.M., Aziman, S.N., Suhaimi, M.S., Idris, A., 2021. Optimization of L(+) 
Lactic Acid Production from Solid Pineapple Waste (SPW) by Rhizopus 
oryzae NRRL 395. J. Polym. Environ. 29, 230–249.  

Zainal Alam, M.N.H., Adrus, N., Abdul Wahab, M.F., Kamaruddin, M.J., Sani, 
M.H., 2020. Utilization of Agro-Waste as Carbon Source for Biohydrogen 
Production: Prospect and Challenges in Malaysia, in: Valorisation of Agro-
Industrial Residues – Volume I: Biological Approaches. Springer, Cham, 
pp. 131–147.  

Zhang, Chengming, Li, J., Liu, C., Liu, X., Wang, J., Li, S., Fan, G., Zhang, L., 
2013. Alkaline pretreatment for enhancement of biogas production from 
banana stem and swine manure by anaerobic codigestion. Bioresour. 
Technol. 149, 353–358.  

Zhang, Cunsheng, Xiao, G., Peng, L., Su, H., Tan, T., 2013. The anaerobic co-
digestion of food waste and cattle manure. Bioresour. Technol. 129, 170–
176.  

Zhang, H., Wang, L., Dai, Z., Zhang, R., Chen, C., Liu, G., 2020. Effect of organic 
loading, feed-to-inoculum ratio, and pretreatment on the anaerobic 
digestion of tobacco stalks. Bioresour. Technol. 298, 122474.  

Zhang, L., Loh, K.-C., Zhang, J., 2019. Enhanced biogas production from 
anaerobic digestion of solid organic wastes: Current status and prospects. 
Bioresour. Technol. Reports 5, 280–296.  

Zhao, X., Luo, K., Zhang, Y., Zheng, Z., Cai, Y., Wen, B., Cui, Z., Wang, X., 
2018. Improving the methane yield of maize straw: Focus on the effects of 
pretreatment with fungi and their secreted enzymes combined with sodium 
hydroxide. Bioresour. Technol. 250, 204–213.  

Zheng, Y., Zhao, J., Xu, F., Li, Y., 2014. Pretreatment of lignocellulosic biomass 
for enhanced biogas production. Prog. Energy Combust. Sci. 42, 35–53.  




