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Chicken slaughterhouses generate wastewater rich in organic content and are considered 

high organic load wastewater, becoming a suitable feedstock  for treatment processes 

that generate electricity. Improper treatment of chicken slaughterhouse wastewater 

(CSWW) has created severe environmental deterioration especially in surface water. 

Various treatments have been implemented to treat slaughterhouse wastewater such as 

dissolved air floatation, coagulation and flocculation processes, conventional activated 

sludge, lagoon and pond systems, and anaerobic digestion (AD) but meeting limitations 

to achieve efficiency. Thus, Upflow Anaerobic Sludge Blanket (UASB) reactor was 

introduced to be the best method for anaerobic treatment. The common drawback in the 

UASB reactor is the slow start-up process at the early stage of treatment, where the 

system requires well-developed microorganisms in the seed sludge to degrade the waste. 

In this study, two sets of UASB reactors, named UASB 1 and UASB 2 were employed 

to study on the effect of acclimatized seeding sludge using synthetic wastewater (SWW) 

on reactor process performance and energy generation in treating CSWW. In UASB 1, 

acclimatization process was not applied on seeding sludge for monitoring purposes, 

while the seed sludge in UASB 2 was acclimatized using SWW for 30 days. After the 

acclimatization stage reached a stable state, both bioreactors were fed with the same 

CSWW at the same organic loading rate (OLR) from 0.5 g/L/day to 6 g/L/day with 

hydraulic retention time (HRT) of 24 hours and under mesophilic condition (37°C). The 

Chemical Oxygen Demand (COD) removal efficiencies of UASB 2 were more than 90 

% throughout the steady-state of the OLR added. This is equivalent to Specific Methane 

Production (SMP) of 0.27 LCH4/gCODadded recorded at the optimum OLR of 5 g/L/day 

in UASB 2  compared to the overall performance observed in the UASB 1. Other 

parameters such as pH, alkalinity, total ammonia nitrogen (TAN), total suspended solid 

(TSS), fats, oil and grease (FOG), and colour intensity were analysed to evaluate on the 

system stability in both reactors. UASB 1 showed some distress in the system when the 

feeding reached OLR 5 and 6 g/L/day compared to UASB 2, showing stable condition 

throughout the study. The reactor which contains the acclimatized seed sludge 

successfully produced a significant methane yield and sufficient removal of COD in the 
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effluent, which met the standard addressed by the Department of Environment Malaysia. 

The acclimatized seed sludge has fastened the start-up process for the bioreactor with 

only 30 days compared to other studies as it developed an adequate microorganism to 

degrade the CSWW. Energy generation for laboratory scale (LS) bioreactor and 

commercial scale (CS) bioreactor were calculated at 0.0186 kWh and 181.78 kWh per 

day respectively, using data from optimum performance in UASB 2. This shows that the 

UASB reactor in CS treating CSWW with acclimatized seed sludge is able to cover the 

electrical energy required for the chicken slaughterhouse operation of 44 kWh.  
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Rumah penyembelihan ayam menghasilkan air sisa kaya dengan bahan cemar organik 

dan nutrien dianggap sebagai air sisa berkekuatan tinggi dan berpotensi untuk proses 

rawatan yang memulihkan tenaga. Kurangnya amalan pengurusan air sisa 

penyembelihan ayam (CSWW) yang baik menyebabkan pencemaran ke dalam  sumber 

air. Berbagai rawatan telah dilaksanakan untuk mengolah air buangan penyembelih 

seperti enapcemar aktif konvensional, pengapungan udara terlarut, sistem lagun dan 

kolam, proses pembekuan dan flokulasi dan pencernaan anaerobik (AD) tetapi 

berhadapan dengan beberapa batasan untuk mencapai kecekapan. Oleh itu, reaktor 

Lapisan Enap Cemar Anaerobik Aliran Naik diperkenalkan sebagai metod yang terbaik 

dalam rawatan anaerbik, namun kelemahan yang biasa ditemui dalam UASB reaktor ini 

adalah proses permulaan rawatan yang lama dimana ia memerlukan sisa enap cemar 

yang mempunyai kandungan mikroorganisma yang cukup bagi merawat sisa. Dalam 

kajian ini, dua set reaktor UASB, dinamakan sebagai UASB 1 dan UASB 2 digunakan 

untuk mengkaji kesan aklimatisasi enapcemar menggunakan air sisa sintetik (SWW) 

terhadap prestasi bioreaktor dan pemulihan tenaga dalam merawat CSWW. Dalam 

UASB 1, tiada proses aklimatisasi yang diterapkan pada enapcemar bagi tujuan 

perbandingan, manakala enapcemar di UASB 2 diaklimatasi menggunakan SWW 

selama 30 hari. . Setelah tahap aklimatisasi mencapai kestabilan, kedua-dua reaktor 

diberikan CSWW yang sama dengan kadar muatan organik (OLR) 0.5 hingga 6 

g/L/sehari dengan masa tahanan hidraulik (HRT) 24 jam dan keadaan mesofilik (37°C). 

Penurunan COD UASB 2 melebihi 90% sepanjang keadaan stabil OLR ditambah. Ini 

setara dengan pengeluaran metana tetap (SMP) 0.27 LCH4/gCOD direkodkan pada OLR 

optimum 5 g/L/sehari di UASB 2 dimana penurunan ketara dalam prestasi keseluruhan 

diperhatikan di UASB 1. Parameter lain seperti pH, kealkalian, jumlah nitrogen 

ammonia (TAN), pepejal terampai (TSS), lemak, minyak dan gris (FOG) dan intensiti 

warna dianalisis untuk menilai kestabilan sistem di kedua-dua reaktor. UASB 1 

menunjukkan beberapa komplikasi dalam sistem ketika penambahan influen mencapai 

OLR 5 dan 6 g/L/sehari berbanding UASB 2 yang menunjukkan keadaan stabil 

sepanjang kajian. Reaktor yang mengandungi enap cemar diaklimatasi berjaya 
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menghasilkan hasil metana yang ketara dan penyingkiran COD dalam efluen, dan 

mematuhi piawai pembuangan air yang ditetapkan oleh Jabatan Alam Sekitar (DOE) 

Malaysia. Enapcemar yang diaklimatasi telah mempercepatkan proses permulaan untuk 

bioreaktor dengan hanya 30 hari berbanding kajian lain dimana ia menggalakkan 

pertumbuhan mikroorganisma yang mencukupi untuk merawat CSWW. Pemulihan 

tenaga untuk bioreaktor skala makmal dan yang diunjurkan untuk bioreaktor skala 

komersial masing-masing memperoleh 0.0186 kWh dan 181.78 kWh sehari, 

menggunakan data dari prestasi yang baik di UASB 2. Ini menunjukkan reaktor UASB 

dalam skala komersial yang merawat CSWW dengan enapcemar yang diaklimatisasi 

mampu menjana tenaga elektrik yang diperlukan untuk operasi penyembelihan ayam 

sebanyak 44 kWh.  
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CHAPTER 1  
 

 

INTRODUCTION  

 

 

1.1 Research background 

 

 

The domestic slaughtering industry in Malaysia has been around since before the war, 

where it was first introduced into the Malay Peninsular by the early immigrants in their 

journey from South China to the Malay Archipelago. There are chances that early Malays 

initially only brought poultry, pigs, goats, and sheep, then later the buffalo and cows. At 

least six slaughterhouses were built during this time and the number is growing rapidly 

in parallel with the population throughout the years (Babjee, 1994). Now, Malaysia has 

a variety of livestock and breed species. These include native breeds, adapted breeds and 

breeds continuously imported from other countries (Department of Veterinary Services, 

2016). Production from the slaughtering focuses on two major industries: the ruminant 

(cattle, buffalo, goat, sheep, camel and deer) and non-ruminant (chicken, duck, geese, 

turkey, pigeons and pig). A ruminant is an animal with four stomach cavities. They throw 

out their undigested food and regurgitate it for better digestion. Non-ruminant mainly 

refers to ‘birds’ of any age or sex with a simple single-chambered stomach (Department 

of Islamic Development Malaysia, 2011).  

 

 

The ruminant industry is mostly run on a small scale. They only target the surrounding 

consumer market, compared to the non-ruminant, especially poultry, whose products 

were advertised in several local markets and neighbouring countries (M. Mazuan & 

Zalina, 2018). The non-ruminant industry is quite progressive as it dominates with large 

scale production and contributes more than 80% of the livestock in the country. The 

production of poultry meat in 1960 was recorded at only 21,273 metric tons and increased 

to 944,840 metric tons in 2006, with the percentage of 82.9% of production compared to 

other livestock such as beef, mutton and pork with the percentage of 2.3%, 0.1% and 

14.8% respectively (Mohamed et al., 2013).  

 

 

The growth of population in Malaysia bring about the massive production of poultry meat 

to meet the market demand. According to the Department of Veterinary Services of 

Malaysia, in 2019, the livestock population specifically for poultry reached more than 

270 million in total, with output from the product about 1,716,700 metric tons of poultry 

meat. It is estimated that the consumption of the poultry meat product is around 1,651,600 

metric tons in total, which on average of 58.6 kg were consumed per capita.  

 

 

Figure 1.1 (a) and (b) below illustrate the increment of poultry meat production and 

consumption from 2013 to 2019 in Malaysia. Therefore, since 1984, this industry itself 

has reached to a stage where it is self-sufficient and internationally competitive as about 

RM 4.0 billion was contributed by the sub-sector, roughly 76.8% (55.7% of poultry and 

21.1% eggs) of the output of the livestock industry listed in Table 1.1 (Loh, 2002). In 

2017, there was approximately 124 poultry slaughterhouse registered with the 

Department of Islamic Affairs Malaysia (JAKIM) where the awarding of the certificate 
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are given into three categories; small, medium, and large scale, depending on the total of 

slaughtering per day in the premises (Mazuan & Zalina, 2018). 

 

 

 
(a) Increment of poultry meat production from 2013 to 2019. 

 

 

 

(b) Increment of poultry meat consumption from 2013 to 2019. 

 

 

Figure 1.1: Production and Consumption of Poultry Meat, 2013-2019. 

(Source: DVS, 2016) 
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Table 1.1: Gross Output Value of Livestock 

 
Livestock Value (RM million) Contribution (%) 

Poultry meat 2 903.0 55.7 

Eggs 1 105.0 21.1 

Pork 906.8 17.4 

Beef 248.7 4.8 

Mutton 12.9 0.2 

Dairy 43.5 0.8 

Total 5219.9 100 

(Source: Loh, 2002) 

 

 

In every industry specifically in livestock, the production related with slaughtering the 

animal leads to waste effluent with various concentrations of organic compounds 

containing diluted blood, protein, fat, and suspended solids. Figure 1.2 below portrays 

the condition in one of the chicken processing facilities in Selangor state and the effluent 

produced from the slaughtering activities. The liquid and solid residues from an 

increasing number of slaughterhouses may be significant in the future due to the two-

fold increment of global meat production in the past decades (Bustillo & Mehrvar, 2017). 

Chicken processing can generate about 30:1 ratio of wastewater to Biochemical Oxygen 

Demand (BOD) with strength of 600 mg/l (Wheatley, 1991). Table 1.2 below shows the 

wastewater generated by other food industries and how significant chicken processing 

waste is compared to other food industries in European country. 

 

 

 

Figure 1.2: Waste Effluent of Slaughterhouse at Seri Kembangan wet market in 

Selangor. (Photo by: Marzuki, 2019) 
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Table 1.2: Food Industry Wastewater in European Country 

 
Industry BOD (mg/L) Water to 1 product ratio 

(L/unit) 

Dairy 500 – 750 12 

Butter and cheese 1500 – 2500 3.0 

Distillery 1500 – 2000 20 

Brewery 500 – 1500 8 

Malting 2000 – 3000 15 

Food canning 100 – 1300 10 

Frozen peas 1000 – 2000 12 

Chips and other vegetables 1000 – 1500 20 

Chicken 600 30 

Slaughter house (cattle) 1000 – 2000 20 

Sewage 250 130 per head 

(Source: Wheatley, 1991) 

 

 

Among other stream generated, slaughtering house contains the highest organic content 

ranging from 1500 mg/L to 16,000 mg/L and Total Suspended Solid (TSS) ranging from 

300 mg/L to 11,000 mg/L depending on flow rates and composition of the effluent (Ruiz 

et al, 1997). Although it is described as non-toxic and non-polluting due to high oxygen 

demand, which is less harmful than industrial chemical effluent (Talukder & 

Selvakumar, 2015), the European legislation considered it as ‘very contaminating’ due 

to its medium to high concentration and partially solubilized residues that often lumped 

together as “flow materials” in wastewater discharge thus it may severely affect the 

riverbed or other water sources if it’s not properly treated (Tritt & Schuchardt, 1992).  

 

 

To avoid these effluents affecting the environment, the authorities and the public’s 

attention and action is needed before it becomes worse. The Department of Veterinary 

Services has provided a complete manual for the local slaughterhouses. The manual 

includes guidelines on preparing and constructing a complete facility for waste 

management of slaughterhouse wastewater. Figure 1.3 below shows (a) the schematic 

plan of sewage pond for wastewater and (b) waste tank for collection of blood. 
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(a) Sewage pond for wastewater.  

 

 
(b) Waste tank for collection of bloods 

Figure 1.3: Guidelines on waste management facility for slaughterhouses.  

(Source: Department of Veterinary Services, 2016) 

 

 

Every country has its own way of handling waste management for their slaughterhouse 

effluent. For example, in Miri Sarawak, a small and simple sewage treatment plant was 

installed in a pig slaughterhouse facility. It is recommended by their Public Health 

Division, Miri City Council to ensure its environmental cleanliness and conservation 

(Utusan Borneo Online, 2016).  

 

 

In developed countries, the most common wastewater treatment methods are centralized 

aerobic wastewater treatment plants and lagoons for domestic and industrial wastewater 

(Doorn et al., 2006; Musa & Idrus, 2021). For instance, some slaughterhouse industries 

in Ethiopia implemented lagoons to treat wastewater. Nevertheless, with limited holding 

capacity of the lagoons, coupled with high production and wet season, the existing lagoon 

was loaded with wastewater and eventually overflown into the nearby river and lands, 
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causing more environmental problems (Amenu, 2014). In Finland, there are a few 

measures that have been done for recovery and disposal of solid organic by-products and 

wastes generated from their poultry farming and slaughterhouses. This include rendering, 

use for animal feed, incineration, burial and controlled landfilling, composting, and AD 

treatment (Salminen & Rintala, 2002).  

 

 

Over the years, AD has become an established and proven technology in managing solid 

organic waste, contributing to material recovery and energy production (De Baere, 2000). 

This biological phenomenon has naturally occurred in the surrounding environment, such 

as in sediments, soils, and animal intestinal tracts. It is a process involving complex 

mixture of microorganisms that convert organic materials into biogas without the 

presence of oxygen (Wilkie, 2005). AD performs well than other treatments of solid 

slaughterhouse waste, assuming the operations are well managed and achieved their 

economic viability (Banks, 1994). In 1983, Brazil first used plant-scale Upflow 

Anaerobic Sludge Blanket (UASB) and currently operates about 228 units of the AD 

treatment for their liquid effluent produced from slaughterhouses and other food-based 

industrial activities wastes (Del Nery et al., 2001). There is also a full scale AD plant 

built in the slaughterhouses in the Netherlands, Belgium, and New Zealand (Johns, 

1995).  

 

 

1.2 Problem Statement 

 

 

Poultry slaughterhouse wastewater is mainly known to contain phosphorous and 

nitrogenous substances other than blood, FOG, and proteins (Debik & Coskun, 2009). 

Production of chicken slaughterhouse wastewater (CSWW) without treatment can be 

assured to affect the environment. The wastewater loaded with high organic content 

requires treatment that is efficient and reliable. 

 

 

Various approaches have been proposed to treat CSWW, but it resulted in several 

limitations and less achievable goals. The aerobic process is widely used for waste 

treatment due to its ability to deal with large biomass, thus lesser land requirement for 

the precipitation under a simple-applied reactor. The process that coupled Granular 

Aerobic Sludge with Sequencing Batch Reactor (SBR) may serve an adequate removal 

of parameter TSS and ammonia and efficiently meet the effluent standard. However, the 

concentration of BOD and Chemical Oxygen Demand (COD) in post treatment still 

exceed the allowable limit due to its high organic content (Septiana et al., 2019). The 

BOD and COD removal efficiency can only be achieved by lengthening the aeration 

time. Besides that, composting is also commonly applied to treat CSWW, where the 

process includes screening, flotation of fats trap residues, chicken manure, litter, and 

feather. The method minimizes the presence of pathogens thus allowing the composted 

waste to be reused as fertilizer and soil conditioner in a plantation. Nevertheless, 

composting of the waste requires some absorbing moisture capability and structural 

support if the waste is low in fibre content (Tritt & Schuchardt, 1992).  Therefore, 

composting waste in a liquid form is unsuitable as it only works best on solid waste.   
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For Poultry Slaughterhouse Wastewater (PSW) treatment, various technologies have 

been developed, including physical, chemical, and biological processes (Bustillo-

Lecompte et al., 2016). Due to the overall high concentration of organic matter and 

nutrients, anaerobic processes are an ideal biological treatment for slaughterhouse 

wastewater treatment among several types of treatments (Cao & Mehrvar, 2011). The 

anaerobic treatment of PSW has received great results since it has a smaller plant 

footprint, produces less sludge, uses less energy and produces biogas along with 

methane, which has a high calorific value (Njoya et al., 2021).  

The Static Granular Bed Reactor (SGBR) which was newly developed by Ellis & Mach 

(2004) has demonstrated the ability to treat high-strength wastewater efficiently in a 

simple down-flow configuration. It allows an improved anaerobic biomass retention and 

a simpler influent distribution system while extracting biogas and separating anaerobic 

granules from treated wastewater. This is due to the counter-current flow between the 

gas generated and liquid phases. But according to the studies conducted by Basitere et 

al. (2019) treating the same PSW, due to high average OLRs between 1.97 and 4.10 

gCOD/L/day, the system experienced head losses, resulting in clogging of the pea gravel 

in the underdrain. In addition, to resolve the operational issues, a scheduled periodic 

backwash need to be implemented to unclog the system. Other researchers also reported 

on the performances of two Upflow Anaerobic Packed-bed Filters (UPBF) filled with 

different packing materials, polypropylene Pall rings. They expanded polyurethane foam 

to treat slaughterhouse wastewater (Martinez et al., 2014). The system was based on 

biofilm forms where bacteria adhere to an inert support. The result shows that due to an 

increase in bacterial and solids retention, the two filters operating under mesophilic 

conditions (30°C) were more efficient than a mixed system. Drawbacks of the system 

revealed as the filter performances declined with OLR higher than 6 kgCODin/m3/day 

where the COD removal efficiency was consistently above 60% but there is reduction in 

methane production. The pH also needed to be adjusted during the early stage of the 

operation. The system show an increase in pH value over 8 together with increased in 

alkalinity and VFA concentration due to high protein content in the slaughterhouse 

wastewater. Other approaches, such as advanced oxidation processes (AOPs) and 

membrane technologies can also be employed, but they have significant drawbacks. Due 

to the general usage of chemicals, high costs  and toxicity, AOPs are less preferred. 

Membrane technology is also not recommended because of its high capital and operation 

costs, as well as its high tendency of membrane fouling and clogging. As a result, they 

are commonly adopted as a post-treatment option (Gholami et al., 2003; Salimi et al., 

2017). 

 

 

The UASB reactor is a promising technology for treating various industrial wastewaters 

due to its minimal sludge generation, low capital investment and maintenance costs, less 

space and energy requirements, and sufficient biogas production (Khan et al., 2011). 

However, due to several factors, such as the long acclimation period of seed sludge, the 

nutrient of hazardous chemicals, the properties of the wastewater, and liquid mixing, the 

system normally takes longer hydraulic retention time (HRT) to start up. Furthermore, 

pH and temperature are critical elements that have a major impact on the performance of 

the UASB reactor. As a result, it is important to consider on the seeding sludge used, 

bioreactor design, and operation conditions to obtain high removal of COD concentration 

and methane produced in the UASB bioreactor.  
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For CSWW treatment, previous investigations have focused on bioreactor design and 

organic loading rate (OLR). They have addressed on sources or types of seeding sludge 

in anaerobic treatment of CSWW. Debik & Coskun (2009) published a study comparing 

two sets of bioreactors, one with granulated and the other non-granulated mixed with 

granulated biomass. Gallardo et al. (2006) investigated the effect of different seeding 

sludge sources in batch mode. The seeding sludge came from a treatment plant producing 

brewery wastewater and an anaerobic lagoon.  Nonetheless, no previous study has 

concentrated on the effect of acclimatized seeding sludge utilising synthetic wastewater 

(SWW), regardless of the potential of the acclimatization procedure to improve 

bioreactor performance. Furthermore, although most previous research focused on 

energy recovery during manure treatment (Wresta et al., 2015), this study calculates on 

the energy generation from a laboratory scale (LS) and a Commercial Scale (CS) 

bioreactor and estimate on the energy input to be converted into electricity for the 

operation of the slaughterhouse. Therefore, in this present study, a SWW was used for 

acclimatization of seeding sludge to fasten the start-up period at the early stage of the 

treatment. The study was done to study the performance of bioreactors and energy 

generation in the treatment of CSWW using UASB.  

 

 

1.3 Objective of The Study 

 

 

The aim of the study is to investigate the treatment efficiency of CSWW using UASB in 

term of bioreactor performance and the energy recovery. The objectives are divided into 

sub-objective as follow: 

 

i. To investigate the effect of various OLR during the treatment of CSWW on COD 

removal and Specific Methane Production (SMP) in UASB 1 and UASB 2.  

ii. To compare bioreactor stability and performance between UASB 1 and UASB 2 

with different acclimatized seed sludge in treating the same CSWW. 

iii. To determine energy recovery and projected energy recovery for LS and CS. 

 
 
1.4 Significance of The Research 

 

 

This research means to provide a systematic and adequate study on the utilization of 

CSWW to produce biogas as an alternative method for management of sewage in 

Malaysia by introducing the acclimatized seed sludge using SWW in the UASB reactor. 

It can fasten the start-up process of the early treatment with well-developed 

microorganisms in the system to degrade the waste compared to previous studies. 

Besides biogas, this research can also satisfy the need for clean water as the current 

situation has demanded a high treatment efficiency of water and wastewater management 

for future development. Even though the water treated from the reactor is not fully useful 

for everyday use, it is still sufficient to be reused in the manufacture for their product 

processing. The biogas produced can also be utilized for energy recovery sufficient 

enough to supply electrical usage for the operation of wastewater treatment.  
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1.5 Scope of Study  

 

 

This study focuses on implementing the CSWW into the AD process using a 

conventional UASB Reactor to see the potential in its production of biogas from the 

system. The system will be operated with a certain amount of OLR from the same 

CSWW at HRT of 24 hours by neglecting the weekend period. Both UASB were set in 

a jacketed system under mesophilic conditions (37°C) where the variation of temperature 

was neglected due to humidity. The variations of a raw sample of CSWW were 

normalized by feeding the UASB using OLR basis.  By investigating the SMP and the 

COD removal efficiency in increasing OLR, the biodegradability of the CSWW can be 

well observed. Furthermore, two different seed sludge will be held in two separated 

UASB reactors to study the performance of biodegrading the waste when the microbes 

are prepared differently. The seeding sludge in UASB 2 reactor (before acclimatization 

with SWW) and UASB 1 reactor were sampled from a sewage treatment plant located in 

the Faculty of Engineering, Universiti Putra Malaysia.  

 

 

1.6 Thesis Outline 

 

 

This thesis reported on the overall studies of the performance of acclimatized seed sludge 

using SWW in treating the CSWW using UASB. It comprises of 5 chapters in total, 

which Chapter 1 explains on the problem statement of the study, the production of 

untreated CSWW and its effect to the environment, the existing method for the 

wastewater treatment available and introduction of UASB reactor as the best option for 

the biological treatment of CSWW.  

 

 

Chapter 2 illustrate on the background study of livestock industry wastewater, 

specifically in poultry production, characterization of the CSWW, the introduction of 

anaerobic digestion (AD) and its phases involved in degrading the waste and the 

industrial effluent treatment system, specifically in introduction of UASB reactor as the 

chosen method for the anaerobic treatment. This chapter also clarifies on previous studies 

that have experimented on the effect of seed sludge with different sources and the 

production of methane for energy recovery. Overall, this chapter has highlighted the gap 

of knowledge, which is the use of acclimatized seed sludge that improves the start-up 

process of UASB reactor. 

 

 

Chapter 3 explained in detail on the methodology for the study with the research 

flowchart and experimental design illustrated. All of the parameters involved were listed 

in the chapter. The set-up process of the UASB reactor and the acclimatization stage of 

seed sludge in UASB 2 were explained in detail. The calculation for energy recovery and 

the equations required were also listed.  

 

 

Chapter 4 briefed in detail on the findings of the overall study, where characterization of 

CSWW collected were determined. The acclimatization process in UASB 2 was then 

evaluated with COD removal and biogas production together with buffering capacity and 

pH value to see the stability of the reactor before introduced with CSWW. Further 
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analysis was continued with COD removal and its methane yield at various OLR in both 

reactors UASB 1 and 2. The analysis includes COD removal efficiency, biogas 

production, methane concentration and SMP. The reactors were also analysed for its 

stability and performance comparison using parameters pH value, alkalinity ratio 

(IA/PA), total ammonia nitrogen (TAN), volatile fatty acids (VFA), colour, fats, oil and 

grease (FOG), and total suspended solids (TSS). After the experiment was completed, 

the analysis was continued for the determination of energy recovery in optimal condition 

of the best-performed reactor. In this study, it was found that the best performed reactor 

is UASB 2 with acclimatized seed sludge at OLR 5.0 g/L/day. The energy was analysed 

in LS and CS, then it was compared with the energy required for the slaughterhouse 

operation. 

 

 

Finally, chapter 5 concluded the finding of this study and listed the recommendation that 

can be done to improve the drawbacks of this study for future research.  



© C
OPYRIG

HT U
PM

 

61 

 

REFERENCES 

 

 

A, I., Talukder, S., & Selvakumar, K. (2015). Current Practices and Emerging Trends in 

Abattoir Effluent Treatment in India: A Review. International Journal of Livestock 

Research, 5(2), 13. https://doi.org/10.5455/ijlr.20150225043513 

Abdulsalam, M., Man, H. C., Idris, A. I., Abidin, Z. Z., & Yunos, K. F. (2018). The 

pertinence of microwave irradiated coconut shell bio-sorbent for wastewater 

decolourization: Structural morphology and adsorption optimization using the 

response surface method (RSM). International Journal of Environmental Research 

and Public Health, 15(10). https://doi.org/10.3390/ijerph15102200 

Amenu, D. (2014). Characterization of Wastewater and Evaluation of the Effectiveness 

of. World Journal of Life Sciences Research, 1(1), 1–11. 

http://www.wjlsr.com/WJLSR_Vol. 1, No. 1, January 

2014/CHARACTERIZATION OF WASTEWATER.pdf 

Angelidaki, I., Karakashev, D., Batstone, D. J., Plugge, C. M., & Stams, A. J. M. (2011). 

Biomethanation and its potential. Methods in Enzymology, 494, 327–351. 

https://doi.org/10.1016/B978-0-12-385112-3.00016-0 

Anijiofor, S. C., Polytechnic, F., Kebbi, B., Daud, N., & Norsyahariati, N. (2018). 

Chicken Slaughter-house wastewater disposal: The Challenges ahead. November. 

APHA, AWWA, W. (2017). Standard Methods for examination of water and wastewater. 

American Public Health Association (APHA), 1–1796. 

Appels, L., Baeyens, J., Degrève, J., & Dewil, R. (2008). Principles and potential of the 

anaerobic digestion of waste-activated sludge. Progress in Energy and Combustion 

Science, 34(6), 755–781. https://doi.org/10.1016/j.pecs.2008.06.002 

Appels, L., Lauwers, J., Degrve, J., Helsen, L., Lievens, B., Willems, K., Van Impe, J., 

& Dewil, R. (2011). Anaerobic digestion in global bio-energy production: Potential 

and research challenges. Renewable and Sustainable Energy Reviews, 15(9), 

4295–4301. https://doi.org/10.1016/j.rser.2011.07.121 

Arvanitoyannis, I. S., & Ladas, D. (2008). Meat waste treatment methods and potential 

uses. International Journal of Food Science and Technology, 43(3), 543–559. 

https://doi.org/10.1111/j.1365-2621.2006.01492.x 

Babjee, A. M. (1994). History, Development and Prospects of the Animal Industry and 

Veterinary Services in Malaysia (Print Book). Department of Veterinary Services, 

Ministry of Agriculture, Malaysia. 

Baird, R. B., Eaton, A. D., & Rice, E. W. (2017). Standard Methods for the Examination 

of Water and Wastewater (23rd Editi). American Public Health Association, 

American Water Works Association, and Water Environment Federation. 

Banks, C. J. (1994). Anaerobic digestion of solid and high nitrogen content fractions of 

slaughterhouse wastes. In Environmentally Responsible Food Processing. (pp. 

103–109). 



© C
OPYRIG

HT U
PM

 

62 

 

Basitere, M., Njoya, M., Rinquest, Z., Ntwampe, S. K. O., & Sheldon, M. S. (2019). 

Performance evaluation and kinetic parameter analysis for static granular bed 

reactor (SGBR) for treating poultry slaughterhouse wastewater at mesophilic 

condition. Water Practice and Technology, 14(2), 259–268. 

https://doi.org/10.2166/wpt.2019.010 

Basitere, M., Rinquest, Z., Njoya, M., Sheldon, M. S., & Ntwampe, S. K. O. (2017). 

Treatment of poultry slaughterhouse wastewater using a static granular bed reactor 

(SGBR) coupled with ultrafiltration (UF) membrane system. Water Science and 

Technology, 76(1), 106–114. https://doi.org/10.2166/wst.2017.179 

Batubara, F., Ritonga, N. A., & Turmuzi, M. (2018). Start-Up of Upflow Anaerobic 

Sludge Blanket (UASB) Reactor Treating Slaughterhouse Wastewater. Journal of 

Physics: Conference Series, 1116(4). https://doi.org/10.1088/1742-

6596/1116/4/042008 

Bello, Y. O., & Oyedemi, D. T. A. (2009). The Impact of Abattoir Activities and 

Management in Residential Neighbourhoods: A Case Study of Ogbomoso, 

Nigeria. Journal of Social Sciences, 19(2), 121–127. 

https://doi.org/10.1080/09718923.2009.11892699 

Besharati Fard, M., Mirbagheri, S. A., Pendashteh, A., & Alavi, J. (2019). Biological 

treatment of slaughterhouse wastewater: Kinetic modeling and prediction of 

effluent. Journal of Environmental Health Science and Engineering, 17(2), 731–

741. https://doi.org/10.1007/s40201-019-00389-4 

Bitton, G. (2005). Wastewater Microbiology (2nd ed.). John Wiley & Sons. 

Borja, R., Banks, C. J., & Wang, Z. (1995). Effect of organic loading rate on anaerobic 

treatment of slaughterhouse wastewater in a fluidised-bed reactor. Bioresource 

Technology, 52(2), 157–162. https://doi.org/10.1016/0960-8524(95)00017-9 

Brennan, B., Gunes, B., Jacobs, M. R., Lawler, J., & Regan, F. (2021). Potential viable 

products identified from characterisation of agricultural slaughterhouse rendering 

wastewater. Water (Switzerland), 13(3), 1–15. https://doi.org/10.3390/w13030352 

Britz, T. J., & Robinson, R. K. (2008). Chapter 1: Thermal Processing of Milk. In 

Advanced Dairy Science and Technology. 

Buabeng, F. (2017). Performance Analysis of Three Sustainable Green. January 2017. 

https://doi.org/10.13140/RG.2.2.27943.65442 

Buendía, I. M., Fernández, F. J., Villaseñor, J., & Rodríguez, L. (2008). Biodegradability 

of meat industry wastes under anaerobic and aerobic conditions. Water Research, 

42(14), 3767–3774. https://doi.org/10.1016/j.watres.2008.06.027 

Burke, D. A. (2001). Dairy Waste Anaerobic Digestion Handbook: Options for 

Recovering Beneficial Products From Dairy Manure. Environmental Energy 

Company, 57. 

Bustillo-Lecompte, C., & Mehrvar, M. (2017). Slaughterhouse Wastewater: Treatment, 

Management and Resource Recovery. Physico-Chemical Wastewater Treatment 



© C
OPYRIG

HT U
PM

 

63 

 

and Resource Recovery. https://doi.org/10.5772/65499 

Bustillo-Lecompte, C., Mehrvar, M., & Quiñones-Bolaños, E. (2016). Slaughterhouse 

wastewater characterization and treatment: An economic and public health 

necessity of the meat processing industry in Ontario, Canada. International 

Conference on Environmental Pollution and Public Health, EPPH 2016, April, 

175–186. https://doi.org/10.4236/gep.2016.44021 

Cao, W., & Mehrvar, M. (2011). Slaughterhouse wastewater treatment by combined 

anaerobic baffled reactor and UV/H2O2 processes. Chemical Engineering 

Research and Design, 89(7), 1136–1143. 

https://doi.org/10.1016/j.cherd.2010.12.001 

Chaiprasert, P., Hudayah, N., & Auphimai, C. (2017). Efficacies of Various Anaerobic 

Starter Seeds for Biogas Production from Different Types of Wastewater. BioMed 

Research International, 2017. https://doi.org/10.1155/2017/2782850 

Chávez P., C., Castillo L., R., Dendooven, L., & Escamilla-Silva, E. M. (2005). Poultry 

slaughter wastewater treatment with an up-flow anaerobic sludge blanket (UASB) 

reactor. Bioresource Technology, 96(15), 1730–1736. 

https://doi.org/10.1016/j.biortech.2004.08.017 

Chen, Y. C. (2018). Evaluating greenhouse gas emissions and energy recovery from 

municipal and industrial solid waste using waste-to-energy technology. Journal of 

Cleaner Production, 192, 262–269. https://doi.org/10.1016/j.jclepro.2018.04.260 

Cheng, J. (2009). Biomass to Renewable Energy Processes. In Biomass to Renewable 

Energy Processes. https://doi.org/10.1201/9781439882498 

Chollom, M. N., Rathilal, S., Swalaha, F. M., Bakare, B. F., & Tetteh, E. K. (2018). Lab 

Scale Study of Hrt and Olr Optimization in a Uasb Treating Slaughterhouse 

Wastewater. CBU International Conference Proceedings, 6, 1030–1035. 

https://doi.org/10.12955/cbup.v6.1290 

CK-12 Chemistry. (2021). Gas Collection by Water Displacement. FlexBooks. 

https://flexbooks.ck12.org/cbook/ck-12-chemistry-flexbook-

2.0/section/14.14/primary/lesson/gas-collection-by-water-displacement-chem 

Clifford, C. B. (2018). Anaerobic Digestion. The Pennsylvania State University. 

https://www.e-education.psu.edu/egee439/node/727 

Coombs, J. (1994). The present and future of anaerobic digestion anaerobic digestion: 

A Waste Treatment Technology. Elsevier Science Publishers. 

CPCB. (1992). Comprehensive Industry Document on Slaughterhouse, Meat and Sea 

Food Processing. CPCB Publication. 

Davarnejad, R., & Nasiri, S. (2017). Slaughterhouse wastewater treatment using an 

advanced oxidation process: Optimization study. Environmental Pollution, 223, 1–

10. https://doi.org/10.1016/j.envpol.2016.11.008 

De Baere, L. (2000). Anaerobic digestion of solid waste: State-of-the-art. Water Science 



© C
OPYRIG

HT U
PM

 

64 

 

and Technology, 41(3), 283–290. https://doi.org/10.2166/wst.2000.0082 

de Nardi, I. R., Fuzi, T. P., & Del Nery, V. (2008). Performance evaluation and operating 

strategies of dissolved-air flotation system treating poultry slaughterhouse 

wastewater. Resources, Conservation and Recycling, 52(3), 533–544. 

https://doi.org/10.1016/j.resconrec.2007.06.005 

de Sena, R. F., Tambosi, J. L., Genena, A. K., Moreira, R. de F. P. M., Schröder, H. F., 

& José, H. J. (2009). Treatment of meat industry wastewater using dissolved air 

flotation and advanced oxidation processes monitored by GC-MS and LC-MS. 

Chemical Engineering Journal, 152(1), 151–157. 

https://doi.org/10.1016/j.cej.2009.04.021 

Debik, E., & Coskun, T. (2009). Use of the Static Granular Bed Reactor (SGBR) with 

anaerobic sludge to treat poultry slaughterhouse wastewater and kinetic modeling. 

Bioresource Technology, 100(11), 2777–2782. 

https://doi.org/10.1016/j.biortech.2008.12.058 

Del Nery, V., Damianovic, M. H. Z., & Barros, F. G. (2001). The use of upflow anaerobic 

sludge blanket reactors in the treatment of poultry slaughterhouse wastewater. 

Water Science and Technology, 44(4), 83–88. 

https://doi.org/10.2166/wst.2001.0185 

Del Nery, V., de Nardi, I. R., Damianovic, M. H. R. Z., Pozzi, E., Amorim, A. K. B., & 

Zaiat, M. (2007). Long-term operating performance of a poultry slaughterhouse 

wastewater treatment plant. Resources, Conservation and Recycling, 50(1), 102–

114. https://doi.org/10.1016/j.resconrec.2006.06.001 

Delforno, T. P., Lacerda Júnior, G. V., Noronha, M. F., Sakamoto, I. K., Varesche, M. 

B. A., & Oliveira, V. M. (2017). Microbial diversity of a full-scale UASB reactor 

applied to poultry slaughterhouse wastewater treatment: integration of 16S rRNA 

gene amplicon and shotgun metagenomic sequencing. MicrobiologyOpen. 

https://doi.org/10.1002/mbo3.443 

Demirel, B., Yenigun, O., & Onay, T. T. (2005). Anaerobic treatment of dairy 

wastewaters: A review. Process Biochemistry, 40(8), 2583–2595. 

https://doi.org/10.1016/j.procbio.2004.12.015 

Department of Islamic Development Malaysia. (2011). Malaysian Protocol for the Halal 

Meat and Poultry Productions. 

Department of Veterinary Services. (2016). Malaysia Livestock Breeding Policy. 

Dlangamandla, C., Ntwampe, S. K. O., & Basitere, M. (2018). A bioflocculant-supported 

dissolved air flotation system. Water Science and Technology, 78(2), 452–458. 

https://doi.org/10.2166/wst.2018.324 

DOE, D. of E. (2010). Environmental Requirements: A Guide for Investors (11th ed.). 

Ministry of Natural Resources and Environment. 

DonkeyStock. (2017). Malaysia Poultry Industry Overview. 

https://klse.i3investor.com/blogs/donkeystocks/115619.jsp 



© C
OPYRIG

HT U
PM

 

65 

 

Doorn, M. R. J., Towprayoon, S., Maria, S., Vieira, M., Irving, W., Palmer, C., Pipatti, 

R., & Wang, C. (2006). Wastewater Treatment and Discharge. WMO, UNEP, 5, 1–

28. 

DVS. (2016). Pembangunan Infrastruktur Pembiakbakaan. September, 1–38. 

DVS Section of Management & Abattoir Development. (2015). Manual Rumah 

Penyembelihan Tempatan Untuk Abatoir Ruminan/ Local Slaughterhouse Manual 

for Ruminant Abatoir. 1–16. http://www.dvs.gov.my/dvs/resources/user_1/DVS 

pdf/rumah 

sembelih/MANUAL_RUMAH_PENYEMBELIHAN_TEMPATAN_2015_19.11

_.pdf 

Eia. (2016). Industrial sector energy consumption Overview Agriculture, forestry, fishing 

Agriculture, forestry, and fishing Mining Coal mining, oil and natural gas 

extraction, and mining of metallic and nonmetallic minerals Construction 

Construction of buildings (res. 113–126. 

https://doi.org/10.1109/ICMeCG.2009.20 

Ellis, T. G., & Mach, K. F. (2004). Static Granular Bed Reactor. 22. 

http://pdfpiw.uspto.gov/.piw?PageNum=0&docid=06709591&IDKey=4F2AF0A

5FDD9%250D%250A&HomeUrl=http%253A%252F%252Fpatft.uspto.gov%25

2Fnetacgi%252Fnph-

Parser%253FSect1%253DPTO1%252526Sect2%253DHITOFF%252526d%253

DPALL%252526p%253D1%252526u%253D%2525252Fnetahtml 

Enright, A. M., McGrath, V., Gill, D., Collins, G., & O’Flaherty, V. (2009). Effect of 

seed sludge and operation conditions on performance and archaeal community 

structure of low-temperature anaerobic solvent-degrading bioreactors. Systematic 

and Applied Microbiology, 32(1), 65–79. 

https://doi.org/10.1016/j.syapm.2008.10.003 

Fang, C., Boe, K., & Angelidaki, I. (2011). Biogas production from potato-juice, a by-

product from potato-starch processing, in upflow anaerobic sludge blanket 

(UASB) and expanded granular sludge bed (EGSB) reactors. Bioresource 

Technology, 102(10), 5734–5741. https://doi.org/10.1016/j.biortech.2011.03.013 

Fantozzi, F., & Buratti, C. (2011). Anaerobic digestion of mechanically treated OFMSW: 

Experimental data on biogas/methane production and residues characterization. 

Bioresource Technology, 102(19), 8885–8892. 

https://doi.org/10.1016/j.biortech.2011.06.077 

Fatima, F., Du, H., & Kommalapati, R. R. (2021). Treatment of Poultry Slaughterhouse 

Wastewater with Membrane Technologies: A Review. Water, 13(14), 1905. 

https://doi.org/10.3390/w13141905 

Gabriel, C.-T., Ruiz, D., Rouez, M., Crest, M., Steyer, J.-P., Bernet, N., Delgenes, J.-P., 

& Escudie, R. (2017). Bioresource Technology. Accumulation of Propionic Acid 

during Consecutive Batch Anaerobic Digestion of Commercial Food Waste, 245 

(A), 724–733. 

Gallardo, G., Rodriguez, J. A., Antonio, I. D., Martinez, S. Y., Botanica, D. De, 



© C
OPYRIG

HT U
PM

 

66 

 

Autonoma, U., & Antonio, A. (2006). EFFECT OF INOCULUM AND 

SUBSTRATUM ON COD REMOVAL OF SLAUGHTERHOUSE. 42(2000), 25315. 

Garrido, J. M., Fdz-Polanco, M., & Fdz-Polanco, F. (2013). Working with energy and 

mass balances: A conceptual framework to understand the limits of municipal 

wastewater treatment. Water Science and Technology, 67(10), 2294–2301. 

https://doi.org/10.2166/wst.2013.124 

Gerardi, M. H. (2003). Alkalinity and pH. In The Microbiology of Anaerobic Digesters 

(pp. 99–103). https://doi.org/10.1002/0471468967.ch16 

Gerber, P., Opio, C., & Steinfeld, H. (2007). Poultry production and the environment-A 

review. Fao, 1–27. 

http://www.fao.org/ag/againfo/home/events/bangkok2007/docs/part2/2_2.pdf 

Gholami, M., Nasseri, S., Reza, M., & Mesdaghinia, A. (2003). Textile Dye Removal by 

Membrane Technology and Biological Oxidation. Water, 38(2), 379–391. 

Grosser, A., & Celary, P. (2019). Biogas (methane production) and energy recovery from 

different sludges. In Industrial and Municipal Sludge: Emerging Concerns and 

Scope for Resource Recovery. Elsevier Inc. https://doi.org/10.1016/B978-0-12-

815907-1.00030-1 

Gutierrez, J. L. R., Encina, P. A. G., & Fdz-Polanco, F. (1991). Anaerobic treatment of 

Cheese-Production wastewater using a UASB reactor. Bioresources Technology, 

37(November), 217–276. 

Hakawati, R., Smyth, B. M., McCullough, G., De Rosa, F., & Rooney, D. (2017). What 

is the most energy efficient route for biogas utilization: Heat, electricity or 

transport? Applied Energy, 206(January), 1076–1087. 

https://doi.org/10.1016/j.apenergy.2017.08.068 

Hernández, S. C., Jiménez, L. D., & García, J. A. B. (2018). Potential of energy 

production from slaughterhouse wastewater. Interciencia, 43(8), 558–565. 

Hickey, R. F., Wu, W. M., Veiga, M. C., & Jones, R. (1991). Start-up, operation, 

monitoring and control of high-rate anaerobic treatment systems. Water Science 

and Technology, 24(8), 207–255. https://doi.org/10.2166/wst.1991.0226 

Holm-Nielsen, J. B., Al Seadi, T., & Oleskowicz-Popiel, P. (2009). The future of 

anaerobic digestion and biogas utilization. Bioresource Technology, 100(22), 

5478–5484. https://doi.org/10.1016/j.biortech.2008.12.046 

Hosseini, S. E., & Wahid, M. A. (2013). Feasibility study of biogas production and 

utilization as a source of renewable energy in Malaysia. Renewable and 

Sustainable Energy Reviews, 19, 454–462. 

https://doi.org/10.1016/j.rser.2012.11.008 

Idrus, S., Banks, C. J., & Heaven, S. (2012). Assessment of the potential for biogas 

production from wheat straw leachate in upflow anaerobic sludge blanket 

digesters. Water Science and Technology, 66(12), 2737–2744. 

https://doi.org/10.2166/wst.2012.511 



© C
OPYRIG

HT U
PM

 

67 

 

Ince, O. (1998). Performance of a two-phase anaerobic digestion system when treating 

dairy wastewater. Water Research, 32(9), 2707–2713. 

https://doi.org/10.1016/S0043-1354(98)00036-0 

Jamaluddin, A. A. (2013). Broiler Industry in Malaysia. Advancing Poultry Production 

for Food Security, 147. 

http://www.vet.upm.edu.my/dokumen/90301_proceeding_WPSA_V2_first_seco

nd_XX_new_20121013_(1).pdf 

Jeganathan, J., Nakhla, G., & Bassi, A. (2006). Long-term performance of high-rate 

anaerobic reactors for the treatment of oily wastewater. Environmental Science and 

Technology, 40(20), 6466–6472. https://doi.org/10.1021/es061071m 

Jensen, P. D., Mehta, C. M., Carney, C., & Batstone, D. J. (2016). Recovery of energy 

and nutrient resources from cattle paunch waste using temperature phased 

anaerobic digestion. Waste Management, 51, 72–80. 

https://doi.org/10.1016/j.wasman.2016.02.039 

Jiang, J., Zhang, Y., Li, K., Wang, Q., Gong, C., & Li, M. (2013). Volatile fatty acids 

production from food waste: Effects of pH, temperature, and organic loading rate. 

Bioresource Technology, 143, 525–530. 

https://doi.org/10.1016/j.biortech.2013.06.025 

Johns, M. R. (1995). Developments in wastewater treatment in the meat processing 

industry: A review. Bioresource Technology, 54(3), 203–216. 

https://doi.org/10.1016/0960-8524(95)00140-9 

Jung, K. W., Kim, D. H., & Shin, H. S. (2013). Application of a simple method to reduce 

the start-up period in a H 2-producing UASB reactor using xylose. International 

Journal of Hydrogen Energy, 38(18), 7253–7258. 

https://doi.org/10.1016/j.ijhydene.2013.03.171 

Kafle, G. K., & Kim, S. H. (2013). Anaerobic treatment of apple waste with swine 

manure for biogas production: Batch and continuous operation. Applied Energy, 

103, 61–72. https://doi.org/10.1016/j.apenergy.2012.10.018 

Kaparaju, P., & Rintala, J. (2011). Mitigation of greenhouse gas emissions by adopting 

anaerobic digestion technology on dairy, sow and pig farms in Finland. Renewable 

Energy, 36(1), 31–41. https://doi.org/10.1016/j.renene.2010.05.016 

Karadag, D., Köroʇlu, O. E., Ozkaya, B., & Cakmakci, M. (2015). A review on anaerobic 

biofilm reactors for the treatment of dairy industry wastewater. Process 

Biochemistry, 50(2), 262–271. https://doi.org/10.1016/j.procbio.2014.11.005 

Khan, A. A., Gaur, R. Z., Tyagi, V. K., Khursheed, A., Lew, B., Mehrotra, I., & Kazmi, 

A. A. (2011). Sustainable options of post treatment of UASB effluent treating 

sewage: A review. Resources, Conservation and Recycling, 55(12), 1232–1251. 

https://doi.org/10.1016/j.resconrec.2011.05.017 

Khanal, S. K., & Li, Y. (2017). Biogas Production and Application. In Bioenergy: 

Principles and Applications (1st ed., pp. 338–360). Wiley Blackwell. 



© C
OPYRIG

HT U
PM

 

68 

 

Kiyasudeen S, K., Ibrahim, M. H., Quaik, S., & Ahmed Ismail, S. (2016). Prospects of 

Organic Waste Management and the Significance of Earthworms. Prospects of 

Organic Waste Management and the Significance of Earthworms, 23–44. 

https://doi.org/10.1007/978-3-319-24708-3 

Kundu, P., Debsarkar, A., & Mukherjee, S. (2013). Treatment of slaughter house 

wastewater in a sequencing batch reactor: Performance evaluation and 

biodegradation kinetics. BioMed Research International, 2013. 

https://doi.org/10.1155/2013/134872 

L. Chernicharo, C. A. (2007). Anaerobic Reactors. In Biological Wastewater Treatment 

Series (Vol. 4, Issue 9). IWA Publishing. 

Labatut, R. A., Angenent, L. T., & Scott, N. R. (2014). Conventional mesophilic vs. 

thermophilic anaerobic digestion: Atrade-off between performance and stability? 

Water Research, 53, 249–258. https://doi.org/10.1016/j.watres.2014.01.035 

Lettinga, G., Hulshoff, Pol, L.W. and Zeeman, G. (1996). Biological Wastewater 

Treatment. Part I: Anaerobic Wastewater Treatment. 

Lettinga, G., & Hulshoff Pol, L. W. (1991). USAB-process design for various types of 

wastewaters. Water Science and Technology, 24(8), 87–107. 

https://doi.org/10.2166/wst.1991.0220 

Lim, S. J., Kim, B. J., Jeong, C. M., Choi, J. dal rae, Ahn, Y. H., & Chang, H. N. (2008). 

Anaerobic organic acid production of food waste in once-a-day feeding and 

drawing-off bioreactor. Bioresource Technology, 99(16), 7866–7874. 

https://doi.org/10.1016/j.biortech.2007.06.028 

Liu, C.; Jianzheng, L.; Yupeng, Z.; Antwi, P.; En, S.; Xue, C.; Jia, M. (2015). Influence 

of glucose fermentation on CO2 assimilation to acetate in homoacetogen Blautia 

coccoides GA-1. J. Ind. Microbiol. Biotechnol, 42, 1217–1224. 

Loganath, R., & Mazumder, D. (2018). Performance study on organic carbon, total 

nitrogen, suspended solids removal and biogas production in hybrid UASB reactor 

treating real slaughterhouse wastewater. Journal of Environmental Chemical 

Engineering, 6(2), 3474–3484. https://doi.org/10.1016/j.jece.2018.05.031 

Loh, T. C. (2002). Protein Sources for the Animal Feed Industry Livestock production 

and the feed industry in Malaysia. Protein Sources for the Animal Feed Industry, 

329–339. ftp://ftp.fao.org/docrep/fao/007/y5019e/y5019e18.pdf 

Long, J. H., Aziz, T. N., Reyes, F. L. D. L., & Ducoste, J. J. (2012). Anaerobic co-

digestion of fat, oil, and grease (FOG): A review of gas production and process 

limitations. Process Safety and Environmental Protection, 90(3), 231–245. 

https://doi.org/10.1016/j.psep.2011.10.001 

Lora Grando, R., de Souza Antune, A. M., da Fonseca, F. V., Sánchez, A., Barrena, R., 

& Font, X. (2017). Technology overview of biogas production in anaerobic 

digestion plants: A European evaluation of research and development. Renewable 

and Sustainable Energy Reviews, 80(February), 44–53. 

https://doi.org/10.1016/j.rser.2017.05.079 



© C
OPYRIG

HT U
PM

 

69 

 

M. Mazuan, R., & Zalina, Z. (2018). Pelaksanaan Sistem Pengurusan Jaminan Halal Di 

Rumah-Rumah Sembelihan Ayam Satu Sorotan Literatur The Implementation of 

Halal Assurance Management System in Malaysia ’ s Certified Halal Slaughter 

Houses and Its Related Issues : A Literature Review. Journal of Shariah Law 

Research, 3(2018), 105–124. 

Ma, J., Zhao, Q. B., Laurens, L. L. M., Jarvis, E. E., Nagle, N. J., Chen, S., & Frear, C. 

S. (2015). Mechanism, kinetics and microbiology of inhibition caused by long-

chain fatty acids in anaerobic digestion of algal biomass. Biotechnology for 

Biofuels, 8(1), 1–12. https://doi.org/10.1186/s13068-015-0322-z 

Manjunath, N. T., Mehrotra, I., & Mathur, R. P. (2000). Treatment of wastewater from 

slaughterhouse by DAF-UASB system. Water Research, 34(6), 1930–1936. 

https://doi.org/10.1016/S0043-1354(99)00337-1 

Marcos, A. C., Al-Kassir, A., Cuadros, F., & Yusaf, T. (2017). Treatment of 

slaughterhouse waste water mixed with serum from lacteal industry of extremadura 

in Spain to produce clean energy. Energies, 10(6). 

https://doi.org/10.3390/en10060765 

Martinez, S. L., Torretta, V., Minguela, J. V., Siñeriz, F., Raboni, M., Copelli, S., Rada, 

E. C., & Ragazzi, M. (2014). Treatment of slaughterhouse wastewaters using 

anaerobic filters. Environmental Technology (United Kingdom), 35(3), 322–332. 

https://doi.org/10.1080/09593330.2013.827729 

Massé, D. I., & Masse, L. (2000). Characterization of wastewater from hog 

slaughterhouses in Eastern Canada and evaluation of their in-plant wastewater 

treatment systems. Canadian Biosystems Engineering / Le Genie Des Biosystems 

Au Canada, 42(3), 139–146. 

Mata-Alvarez, J. (2003). Fundamentals of the anaerobic digestion process. In 

Biomethanization of the Organic Fraction of Municipal Solid Wastes (pp. 14–20). 

IWA Publishing. 

McMahon, K. D., Zheng, D., Stams, A. J. M., Mackie, R. I., & Raskin, L. (2004). 

Microbial population dynamics during start-up and overload conditions of 

anaerobic digesters treating municipal solid waste and sewage sludge. 

Biotechnology and Bioengineering, 87(7), 823–834. 

https://doi.org/10.1002/bit.20192 

Michaud, S., Bernet, N., Buffière, P., Roustan, M., & Moletta, R. (2002). Methane yield 

as a monitoring parameter for the start-up of anaerobic fixed film reactors. Water 

Research, 36(5), 1385–1391. https://doi.org/10.1016/S0043-1354(01)00338-4 

Miranda, L. A. S., Henriques, J. A. P., & Monteggia, L. O. (2005). A Full-Scale UASB 

Reactor For Treatment Of Pig And Cattle Slaughterhouse Wastewater With A High 

Oil And Grease Content. 22(04), 601–610. 

Mohamed, Z., Hosseini, A., & Kamarulzaman, N. H. (2013). Analysis of Malaysian beef 

industry in peninsular Malaysia under different importation policies scenarios and 

rate management systems. Pertanika Journal of Social Science and Humanities, 

21(August), 1–16. 



© C
OPYRIG

HT U
PM

 

70 

 

Morales-Polo, C., del Mar Cledera-Castro, M., & Yolanda Moratilla Soria, B. (2018). 

Reviewing the anaerobic digestion of food waste: From waste generation and 

anaerobic process to its perspectives. Applied Sciences (Switzerland), 8(10). 

https://doi.org/10.3390/app8101804 

Morel, A., Diener, S. (2006). Greywater management in low and middle-income 

countries, review of different treatment systems for households or neighbourhoods. 

Musa, M. A., & Idrus, S. (2020). Effect of hydraulic retention time on the treatment of 

real cattle slaughter house wastewater and biogas production from HUASB reactor. 

Water (Switzerland), 12(2). https://doi.org/10.3390/w12020490 

Musa, M. A., & Idrus, S. (2021). Physical and biological treatment technologies of 

slaughterhouse wastewater: A review. Sustainability (Switzerland), 13(9), 1–20. 

https://doi.org/10.3390/su13094656 

Musa, M. A., Idrus, S., Harun, M. R., Marzuki, T. F. T. M., & Wahab, A. M. A. (2020). 

A comparative study of biogas production from cattle slaughterhouse wastewater 

using conventional and modified upflow anaerobic sludge blanket (UASB) 

reactors. International Journal of Environmental Research and Public Health, 

17(1). https://doi.org/10.3390/ijerph17010283 

Musa, M. A., Idrus, S., Hasfalina, C. M., & Daud, N. N. N. (2018). Effect of organic 

loading rate on anaerobic digestion performance of mesophilic (UASB) reactor 

using cattle slaughterhouse wastewater as substrate. International Journal of 

Environmental Research and Public Health, 15(10). 

https://doi.org/10.3390/ijerph15102220 

Musa, M. A., Idrus, S., Man, H. C., & Daud, N. N. N. (2018). Wastewater treatment and 

biogas recovery using anaerobic membrane bioreactors (AnMBRs): Strategies and 

achievements. Energies, 11(7). https://doi.org/10.3390/en11071675 

Musa, M. A., Idrus, S., Man, H. C., & Daud, N. N. N. (2019). Performance comparison 

of conventional and modified upflow anaerobic sludge blanket (UASB) reactors 

treating high-strength cattle slaughterhouse wastewater. Water (Switzerland), 

11(4), 1–18. https://doi.org/10.3390/w11040806 

Najafpour, G. D., Zinatizadeh, A. A. L., Mohamed, A. R., Hasnain Isa, M., & 

Nasrollahzadeh, H. (2006). High-rate anaerobic digestion of palm oil mill effluent 

in an upflow anaerobic sludge-fixed film bioreactor. Process Biochemistry, 41(2), 

370–379. https://doi.org/10.1016/j.procbio.2005.06.031 

Njoya, M., Basitere, M., Ntwampe, S. K. O., & Lim, J. W. (2021). Performance 

evaluation and kinetic modeling of down-flow high-rate anaerobic bioreactors for 

poultry slaughterhouse wastewater treatment. Environmental Science and 

Pollution Research, 28(8), 9529–9541. https://doi.org/10.1007/s11356-020-

11397-5 

Omoniyi Ezekiel, B., Oyekola, P. O., Ovaha, O., Mohamed, A., & Lambrache, N. (2019). 

Bird feather removal machine: Design and development. International Journal of 

Recent Technology and Engineering, 8(3), 406–410. 

https://doi.org/10.35940/ijrte.C4199.098319 



© C
OPYRIG

HT U
PM

 

71 

 

Oz, N. A., Ince, O., Turker, G., & Ince, B. K. (2012). Effect of seed sludge microbial 

community and activity on the performance of anaerobic reactors during the start-

up period. World Journal of Microbiology and Biotechnology, 28(2), 637–647. 

https://doi.org/10.1007/s11274-011-0857-5 

Patania, F., Gagliano, A., Nocera, F., & Galesi, A. (2012). Feasibility study of biogas in 

CHP plant for a pig farm. Renewable Energy and Power Quality Journal, 1(10), 

196–201. https://doi.org/10.24084/repqj10.271 

Pudasaini, A. (2010). Evaluation of biogas generation from turkey waste. 

Rajab, A. R., Salim, M. R., Sohaili, J., Anuar, A. N., Salmiati, & Lakkaboyana, S. K. 

(2017). Performance of integrated anaerobic/aerobic sequencing batch reactor 

treating poultry slaughterhouse wastewater. Chemical Engineering Journal, 313, 

967–974. https://doi.org/10.1016/j.cej.2016.10.144 

Rajakumar, R., Meenambal, T., Banu, J. R., & Yeom, I. T. (2011). Treatment of poultry 

slaughterhouse wastewater in upflow anaerobic filter under low upflow velocity. 

International Journal of Environmental Science and Technology, 8(1), 149–158. 

https://doi.org/10.1007/BF03326204 

Rajakumar, R., Meenambal, T., Saravanan, P. M., & Ananthanarayanan, P. (2012a). 

Treatment of poultry slaughterhouse wastewater in hybrid upflow anaerobic sludge 

blanket reactor packed with pleated poly vinyl chloride rings. Bioresource 

Technology, 103(1), 116–122. https://doi.org/10.1016/j.biortech.2011.10.030 

Rajakumar, R., Meenambal, T., Saravanan, P. M., & Ananthanarayanan, P. (2012b). 

Treatment of poultry slaughterhouse wastewater in hybrid upflow anaerobic sludge 

blanket reactor packed with pleated poly vinyl chloride rings. Bioresource 

Technology, 103(1), 116–122. https://doi.org/10.1016/j.biortech.2011.10.030 

Rico, C., Montes, J. A., & Rico, J. L. (2017). Evaluation of different types of anaerobic 

seed sludge for the high rate anaerobic digestion of pig slurry in UASB reactors. 

Bioresource Technology, 238, 147–156. 

https://doi.org/10.1016/j.biortech.2017.04.014 

Roslan, M. Y., Debbra, M., & Tan, T. L. (2019). Characterisation of Wastewater Quality 

From a Local Ruminant Abattoir in Banting , Selangor ,. Malaysian Journal of 

Veterinary Research, 10, 78–86. 

Rosli, N. S., Idrus, S., N., N. D., & Ahsan, A. (2016). Assessment of potential biogas 

production from rice straw leachate in upflow anaerobic sludge blanket reactor. 

International Journal of Smart Grid and Clean Energy, 135–143. 

https://doi.org/10.12720/sgce.5.3.135-143 

Ruiz, I. (2004). Anaerobic Treatment of Municipal Wastewater in UASB reactors. 

Ruiz, I., Veiga, M. C., De Santiago, P., & Blázquez, R. (1997). Treatment of 

slaughterhouse wastewater in a UASB reactor and an anaerobic filter. Bioresource 

Technology, 60(3), 251–258. https://doi.org/10.1016/S0960-8524(97)00020-5 

Saddoud, A., & Sayadi, S. (2007). Journal of Hazardous Materials. Application of 



© C
OPYRIG

HT U
PM

 

72 

 

Acidogenic Fixed-Bed Reactor Prior to Anaerobic Membrane Bioreactor for 

Sustainable Slaughterhouse Wastewater Treatment, 149(3), 700–706. 

Sakar, S., Yetilmezsoy, K., & Kocak, E. (2009). Anaerobic digestion technology in 

poultry and livestock waste treatment - A literature review. Waste Management 

and Research, 27(1), 3–18. https://doi.org/10.1177/0734242X07079060 

Salimi, M., Esrafili, A., Gholami, M., Jonidi Jafari, A., Rezaei Kalantary, R., Farzadkia, 

M., Kermani, M., & Sobhi, H. R. (2017). Contaminants of emerging concern: a 

review of new approach in AOP technologies. Environmental Monitoring and 

Assessment, 189(8). https://doi.org/10.1007/s10661-017-6097-x 

Salminen, E., & Rintala, J. (2002). Anaerobic digestion of organic solid poultry 

slaughterhouse waste - A review. Bioresource Technology, 83(1), 13–26. 

https://doi.org/10.1016/S0960-8524(01)00199-7 

Sayed, S. K. I. (1987). Anaerobic treatment of slaughterhouse wastewater using the 

UASB process. 

Septiana, I., Siami, L., Tazkiaturrizki, T., Hadisoebroto, R., & Ratnaningsih, R. (2019). 

Analysis of load variation on chicken slaughterhouse waste water treatment using 

GAS-SBR. Journal of Physics: Conference Series, 1402(2). 

https://doi.org/10.1088/1742-6596/1402/2/022109 

Shanmugam, P., & Horan, N. J. (2009). Bioresource Technology. Optimising the Biogas 

Production from Leather Fleshing Waste by Co-Digestion with MSW, 100(18), 

4117–4120. 

ShutterStock. (n.d.). Poultry Slaughterhouse. Retrieved August 8, 2021, from 

https://www.shutterstock.com/search/poultry+slaughterhouse 

Simon, J., & Claire, J. (2011). The MBR Book: Principles and Applications of Membrane 

Bioreactors for Water and Wastewater Treatment (Second Edi). Elsevier Ltd. 

https://doi.org/10.1016/B978-0-08-096682-3.10006-X 

Sittijunda, S., Reungsang, A., & O-Thong, S. (2010). Biohydrogen production from dual 

digestion pretreatment of poultry slaughterhouse sludge by anaerobic self-

fermentation. International Journal of Hydrogen Energy. 

https://doi.org/10.1016/j.ijhydene.2009.11.116 

Sreekanth, D., Sivaramakrishna, D., Himabindu, V., & Anjaneyulu, Y. (2009). 

Thermophilic treatment of bulk drug pharmaceutical industrial wastewaters by 

using hybrid up flow anaerobic sludge blanket reactor. Bioresource Technology, 

100(9), 2534–2539. https://doi.org/10.1016/j.biortech.2008.11.028 

Sugito, Binawati, D. K., & Al Kholif, M. (2016). The effect of BOD concentrate influet 

to remove pollutant load in waste water of a chicken slaughterhouse. ARPN 

Journal of Engineering and Applied Sciences, 11(5), 3519–3524. 

Tan, J. B., Jamali, N. S., Tan, W. E., Man, H. C., & Abidin, Z. Z. (2021). Techno-

economic assessment of on-farm anaerobic digestion system using attached-

biofilm reactor in the dairy industry. Sustainability (Switzerland), 13(4), 1–15. 



© C
OPYRIG

HT U
PM

 

73 

 

https://doi.org/10.3390/su13042063 

Tangkathitipong, P., Intanoo, P., Butpan, J., & Chavadej, S. (2017). Separate production 

of hydrogen and methane from biodiesel wastewater with added glycerin by two-

stage anaerobic sequencing batch reactors (ASBR). Renewable Energy, 113, 1077–

1085. https://doi.org/10.1016/j.renene.2017.06.056 

Tilley, E., Lüthi, C., Morel, A., Zurbrügg, C., & Schertenleib, R. (2008). Compendium 

of Sanitation Systems and Technologies. Development, 158. 

http://www.eawag.ch/organisation/abteilungen/sandec/publikationen/publications

_sesp/downloads_sesp/compendium_high.pdf 

Torkian, A., Eqbali, A., & Hashemian, S. J. (2003). The effect of organic loading rate on 

the performance of UASB reactor treating slaughterhouse effluent. Resources, 

Conservation and Recycling, 40(1), 1–11. https://doi.org/10.1016/S0921-

3449(03)00021-1 

Tritt, W. P., & Schuchardt, F. (1992). Materials flow and possibilities of treating liquid 

and solid wastes from slaughterhouses in Germany. A review. Bioresource 

Technology, 41(3), 235–245. https://doi.org/10.1016/0960-8524(92)90008-L 

Ugurlu, A., & Forster, C. F. (1992). The impact of shock loadings on the performance of 

thermophilic anaerobic filters with porous and non-porous packings. Bioresource 

Technology, 39(1), 23–30. https://doi.org/10.1016/0960-8524(92)90052-Y 

Utusan Borneo Online. (2016). “MBM puas hati kualiti pusat penyembelihan babi 

Krokop.” Utusan Borneo Online, Sarawak. 

https://www.utusanborneo.com.my/2016/08/29/mbm-puas-hati-kualiti-pusat-

penyembelihan-babi-krokop 

Wang, Lawrence K.; Hung, Yung Tse; Shammas, N. K. (2005). Physicochemical 

Treatment Processes (L. K. Wang, Y.-T. Hung, & N. K. Shammas (eds.); 

Handbook o). Humana Press Inc. 

Wheatley, A. (1991). Anaerobic Digestion: Industrial Waste Treatment. Elsevier Science 

Publisher LTD. 

Whittle, I. H. F., Walter, A., Ebner, C., & Insam, H. (2014). Investigation into the effect 

of high concentrations of volatile fatty acids in anaerobic digestion on 

methanogenic communities. Waste Management, 34(11), 2080–2089. 

https://doi.org/10.1016/j.wasman.2014.07.020 

Wilkie, A. C. (2005). Anaerobic Digestion : Biology and Benefits. Dairy Manure 

Management: Treatment, Handling, and Community Relations, 63–72. 

Wresta, A., Andriani, D., Saepudin, A., & Sudibyo, H. (2015). Economic analysis of cow 

manure biogas as energy source for electricity power generation in small scale 

ranch. Energy Procedia, 68, 122–131. 

https://doi.org/10.1016/j.egypro.2015.03.240 

Wu, P. F., & Mittal, G. S. (2012). Characterization of provincially inspected 

slaughterhouse wastewater in Ontario, Canada. Canadian Biosystems Engineering 



© C
OPYRIG

HT U
PM

 

74 

 

/ Le Genie Des Biosystems Au Canada, 54. 

Yaakob, M. A., Mohamed, R. M. S. R., Al-Gheethi, A. A. S., & Kassim, A. H. M. (2018). 

Characteristics of chicken slaughterhouse wastewater. Chemical Engineering 

Transactions. https://doi.org/10.3303/CET1863107 

Yasar, A. Tabinda, A. (2010). Anaerobic Treatment of Industrial Wastewater by UASB 

Reactor Integrated with Chemical Oxidation Processes; an Overview. Polish 

Journal of Environmental Studies, 19(5), 1051–1061. 

Yee, T., Jennifer, Y. @, Hashim, M. A., & Ramachandran, K. B. (2004). [ED07] Initial 

stage of an upflow anaerobic sludge blanket (UASB) reactor start-up. The 4th 

Annual Seminar of National Science Fellowship 2004, 1986, 539–544. 

Yordanov, D. (2010). Preliminary study of the efficiency of ultrafiltration treatment of 

poultry slaughterhouse wastewater. Bulgarian Journal of Agricultural Science, 

16(6), 700–704. 

Yuan, Y., Wang, S., Liu, Y., Li, B., Wang, B., & Peng, Y. (2015). Long-term effect of 

pH on short-chain fatty acids accumulation and microbial community in sludge 

fermentation systems. Bioresource Technology, 197, 56–63. 

https://doi.org/10.1016/j.biortech.2015.08.025 

Zhang, Y., Yan, L., Chi, L., Long, X., Mei, Z., & Zhang, Z. (2008). Startup and operation 

of anaerobic EGSB reactor treating palm oil mill effluent. Journal of 

Environmental Sciences, 20(6), 658–663. https://doi.org/10.1016/S1001-

0742(08)62109-9 


	617478a000d80831be1658b56b39b65f79a475b0c90288840048aa9e8b55a03e.pdf
	4969956faec6f705a3693fba7c7802f17fc58aed6aeeca45b133920ba6cb5e51.pdf
	4969956faec6f705a3693fba7c7802f17fc58aed6aeeca45b133920ba6cb5e51.pdf
	4969956faec6f705a3693fba7c7802f17fc58aed6aeeca45b133920ba6cb5e51.pdf

	6e5f386e48db4f48d68c23f73b8258a6badc930b2a05418d376be749f649cb5a.pdf
	617478a000d80831be1658b56b39b65f79a475b0c90288840048aa9e8b55a03e.pdf
	4969956faec6f705a3693fba7c7802f17fc58aed6aeeca45b133920ba6cb5e51.pdf




