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ABSTRACT 

The biodegradability and safety of the bioflocculants make them potential 

alternative to non-biodegradable chemical flocculants for wastewater treatment.  

However, low yield and production cost has been reported to be the limiting factor for 

large scale bioflocculant production. The sustainability and economics of 

bioflocculant production is dependent on the use of low-cost substrate at optimum 

culture conditions. This study focused on the optimization of culture conditions for 

Aspergillus flavus growth and its bioflocculant production using chicken viscera 

hydrolysate as substrate. The effects of culture conditions including pH, shaker speed, 

temperature and inoculum size on bioflocculant production were investigated and 

optimized via response surface method in accordance with the critical component 

design (CCD) package of design expert. The purified bioflocculant was characterized 

using physical and chemical analysis. The flocculation performance and effect of 

cations on the bioflocculant was investigated using jar testing and Kaolin clay 

suspension as wastewater model. Under optimized culture conditions, 6.75 g/L of 

crude bioflocculant was produced. The bioflocculation activity was mostly distributed 

in the cell free supernatant with optimum efficiency of 91.8% at dose of 4 mL/100 mL 

Kaolin suspension. The purified bioflocculant was an uneven, coarse EPS assemblage 

in netted texture consisting of 23.46% protein and 74.5% polysaccharide, including 

46% neutral sugar and 2.01% uronic acid with zeta potential of -25.28 ± 2.7 mV at pH 

6.2. The Fourier-transform infrared (FTIR) and X-ray photoelectron spectroscopy 

(XPS) analysis indicated the presence of carbonyl, amino, hydroxyl and amide 

functional groups and mass proportion of C, O and N at 63.46%, 27.87% and 8.86%, 

respectively. It had a minimum of 83.1% efficiency in flocculating 2-12 g/L Kaolin 

clay suspension over a wide temperature range (4 - 80°C) and function optimally at 

neutral pH. It effectively flocculated different suspended particles such as activated 

carbon (92%), soil solids (94.8%) and algae (69.4%) at varying concentrations. 

Addition of both Ca2+ and Mg2+ stimulated the efficiency of the bioflocculant at all the 

concentrations tested with optimum flocculation efficiency of 95% recorded with 5 

mL 1% Ca2+
.  Lower concentrations (1-2 mL) of Al3+ also stimulated the bioflocculant 

to about 94%, K+ slightly enhanced the flocculation at 4 – 10 mL 1%, while Na+ and 

Fe3+ inhibited the flocculation. This study indicates high potential of cation dependent 

bioflocculant production from chicken viscera at appropriate culture conditions and 

stand as an attractive candidate for additional exploration and development for large-

scale bioflocculant production and application.  
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ABSTRAK 

Keterbiodegradan serta selamat digunakan telah menjadikan bioflokulan 

sebagai potensi alternatif kepada flokulan kimia yang tidak terbiodegrad bagi rawatan 

air kumbahan. Walau bagaimanapun, pengeluaran yang rendah serta kos penghasilan 

yang tinggi telah dilaporkan menjadi faktor penghad kepada pengeluaran bioflokulan 

pada skala besar. Kelestarian dan ekonomi pengeluaran bioflokulan bergantung 

kepada penggunaan substrat yang murah pada kadar kultur yang optimum. Kajian ini 

memfokus kepada pengoptimuman keadaan kultur bagi pertumbuhan Aspergillus 

flavus serta penghasilan bioflokulan menggunakan hidrolisat visera ayam sebagai 

subsrat. Kesan keadaan kultur termasuk pH, kelajuan penggoncang, suhu dan saiz 

inokulum pada pengeluaran bioflokulan telah disiasat dan dioptimumkan 

menggunakan kaedah permukaan respon selaras dengan pakej pakar reka bentuk 

komponen kritikal (CCD). Bioflokulan yang tulen dicirikan dengan menggunakan 

analisis fizikal dan kimia. Prestasi flokulasi dan kesan kation pada bioflokulan dikaji 

menggunakan ujian jar dan tanah liat Kaolin sebagai model sisa buangan. Di bawah 

keadaan kultur yang optimum, 6.75 g/L bioflokulan mentah dihasilkan. Aktiviti 

bioflokulasi kebanyakannya dihasilkan di dalam supernatan sel bebas dengan 

kecekapan optimum 91.8% pada dos 4 mL/100 mL larutan Kaolin. Bioflokulan yang 

ditulenkan adalah tidak sekata dengan pengumpulan EPS yang kasar di dalam tekstur 

jejaring terdiri daripada 23.46% protein dan 74.5% polisakarida, termasuk 46% gula 

semulajadi dan 2.01% asid uronik dengan keupayaan zeta -25.28 ± 2.7 mV pada pH 

6.2. Inframerah empatier-transform (FTIR) dan spektroskopi fotoelektron X-ray 

(XPS) bagi bioflokulan tulen menunjukkan kehadiran kumpulan fungsi karbonil, 

amino, hidroksil dan amida dan nisbah jisim bagi C, O dan N masing-masing pada 

63.46%, 27.87% dan 8.86%. Ia mempunyai kecekapan minimum 83.1% di dalam 

memflokulasi 2-12 g/L larutan Kaolin di dalam julat suhu yang luas (4-80C) dan 

berfungsi secara optimum pada pH neutral. Ianya berkesan memflokulasi pelbagai 

partikel terlarut seperti karbon teraktif (92%), pepejal tanah (94.8%) dan alga (69.4%) 

pada kepekatan yang berlainan. Penambahan Ca2+ dan Mg2+ merangsang kecekapan 

bioflokulan di semua kepekatan yang diuji dengan kecekapan optimum flokulan 95% 

direkodkan dengan 5 mL 1% Ca2+. Pada kepekatan rendah (1-2 mL) Al3+ juga 

merangsang bioflokulan kepada kira-kira 94%, K+ hanya meningkatkan sedikit 

flokulasi pada 4 – 10 mL 1%, manakala Na+ dan Fe3+ menghalang flokulasi. Kajian 

ini menunjukkan keupayaan tinggi bioflokulan berkation dari visera ayam pada 

keadaan kultur yang sesuai serta menjadi sumber penerokaan baru untuk pembangunan 

produksi dan aplikasi bioflokulan yang berskala besar.  

 

  



vii 

TABLE OF CONTENTS 

 TITLE PAGE 

 

DECLARATION ii 

DEDICATION iii 

ACKNOWLEDGEMENT iv 

ABSTRACT v 

ABSTRAK vi 

TABLE OF CONTENTS vii 

LIST OF TABLES xiii 

LIST OF FIGURES xv 

LIST OF ABBREVIATIONS xviii 

LIST OF SYMBOLS xix 

LIST OF APPENDICES xx 

CHAPTER 1 INTRODUCTION 1 

1.1 Background of the Study 1 

1.2 Problem Statement 3 

1.3 Objectives 5 

1.4 Scope of the Study 5 

1.5 Significances and Original Contributions of This 

Study 5 

CHAPTER 2 LITERATURE REVIEW 7 

2.1 Introduction 7 

2.2 Flocculating Agents 9 

2.2.1 Organic Flocculant 9 

2.2.2 Inorganic Chemical Flocculant 10 

2.2.3 Bioflocculants 11 

2.2.3.1 Bioflocculant Producing 

Microorganisms 14 



viii 

2.2.3.2 Structural and Functional Groups of 

Bioflocculants 16 

2.2.3.3 Bioflocculant Characterization 

Techniques 17 

2.2.4 Mechanism of Extracellular Polymer Synthesis 

in Microorganisms 18 

2.2.5 Factors Affecting Bioflocculant Production 20 

2.2.5.1 Nutrient Source 21 

2.2.5.2 Culture Conditions 22 

2.2.5.3 Growth Phase and Incubation Time 24 

2.3 Waste Pre-treatment for Bioflocculant Production 25 

2.3.1 Optimization of Substrates Concentration and 

Culture Conditions 28 

2.3.2 Bioflocculant Production from Waste 

Substrates 29 

2.3.3 Efficiency of Bioflocculant Produced from 

Waste / Wastewater 34 

2.3.4 Chicken Viscera as a Potential Substrate for 

Bioflocculant Production 37 

2.3.4.1 Hydrolysis of Chicken Viscera 38 

2.4 Cationization of Bioflocculants 38 

2.4.1 EPS Structuring with Cations 44 

2.4.2 Factors Affecting Cation Induced 

Bioflocculation 46 

2.4.2.1 Valence and Concentration of the 

Cation 46 

2.4.2.2 Dosage of the Cation 46 

2.4.2.3 Microorganism and Media 

composition 47 

2.4.2.4 pH of the Medium 48 

2.4.2.5 Temperature 49 

2.4.3 Mechanism of Cation Induced bioflocculation 49 

2.4.3.1 Divalent Cation Bridge (DCB) 

Theory 50 

2.4.3.2 Alginate Theory 51 



ix 

2.4.3.3 Double Layer Interactions (DLVO 

Theory) 53 

2.5 Summary 53 

CHAPTER 3 MATERIALS AND METHODS 55 

3.1 Introduction 55 

3.2 Research Design and Methodology 55 

3.3 Collection and Processing of the Chicken viscera 58 

3.3.1 Particle Size Analysis of the Grinded Viscera 58 

3.3.2 Determination of Elemental Composition of the 

Raw Viscera 58 

3.3.2.1 Association of Official Analytical 

Chemists (AOAC) Methods 59 

3.3.3 Hydrolysis of the Processed Chicken Viscera 59 

3.3.4 Characterization of Chicken Viscera 

Hydrolysate 60 

3.3.4.1 Preparation of Sample and Standard 

Material for CHNS Analysis 61 

3.4 Preparation of Inoculum 62 

3.4.1 Inoculation of Culture Medium 62 

3.5 Bioflocculant Production 63 

3.5.1 Bioflocculant Purification 64 

3.5.2 Determination of Mycelia Weight 64 

3.5.3 Determination of Flocculation Efficiency 64 

3.5.4 Screening for Optimum Culture Conditions for 

A. flavus Growth and Bioflocculant Production 65 

3.5.5 Optimization of Culture Conditions for 

Bioflocculant Production with Central 

Composite Design (CCD) 66 

3.5.6 Estimation of Glucose Concentration in the 

Culture during Bioflocculant Production 69 

3.5.6.1 Determination of Kinetic Parameters 

for Bioflocculant and Biomass 

Production 70 

3.5.7 Physical and Chemical Analyses of the 

Bioflocculant 72 

3.5.7.1 Determination of Total Sugar 72 



x 

3.5.7.2 Determination of Neutral Sugar 73 

3.5.7.3 Determination of the Protein 

Content of the Bioflocculant 73 

3.5.7.4 Determination of Uronic Acid 

Content 74 

3.5.7.5 Fourier Transform Infrared (FTIR) 

Spectroscopy 74 

3.5.7.6 X-Ray Photoelectron Spectroscopy 75 

3.5.7.7 Scanning Electron Microscopy 

(SEM) 75 

3.5.7.8 Zeta Potential Analysis 76 

3.5.7.9 Mass Spectrometric Analysis 76 

3.6 Factors Affecting the Flocculation Efficiency 77 

3.6.1 Determination of Effects of Kaolin Clay 

Concentration on Flocculation Efficiency 77 

3.6.2 Determination of Effect of Temperature on 

Flocculation Efficiency 77 

3.6.3 Determination of Effect of pH on Flocculation 

Efficiency of the Bioflocculant 78 

3.6.4 Flocculation of Different Suspended Particles 78 

3.6.5 Cationization and Determination of 

Flocculation Efficiency 78 

3.6.6 Particle Size of the Flocs 79 

CHAPTER 4 RESULTS AND DISCUSSION 81 

4.1 Overview 81 

4.2 Elemental Composition of Raw Chicken Viscera 82 

4.2.1 Composition of the Viscera Hydrolysate 83 

4.2.1.1 Elemental composition of Viscera 

hydrolysate over six hours 85 

4.2.2 FTIR Spectrum for the Chicken Viscera 

Hydrolysate 87 

4.3 Culture Optimization and Bioflocculant production of 

Aspergillus flavus using Chicken Viscera Hydrolysate 89 

4.3.1 Effect of pH on Bioflocculant Production 89 



xi 

4.3.2 Effect of Shaking Speed on Bioflocculant 

Production 90 

4.3.3 Effect of Temperature on Bioflocculation 

Production 91 

4.3.4 Effect of Inoculum Size on Bioflocculant 

Production 94 

4.4 Culture Condition Optimization with RSM for 

Bioflocculant Production 95 

4.4.1 Model Development 97 

4.4.2 Response Surface Plots 100 

4.4.3 Optimization and Validation of the Models 107 

4.5 Time Course of Bioflocculant Production 108 

4.5.1 Kinetic Parameter for Bioflocculant Production 

and Mycelial Weight Formation 111 

4.6 Characterization of A. flavus Bioflocculant Produced 

from Chicken Viscera 113 

4.6.1 Composition Analysis of the Bioflocculant 114 

4.6.2 Scanning Electron Microscopy 114 

4.6.3 FTIR and XPS Analysis of the Bioflocculant 117 

4.6.4 Mass Spectrometric Analysis of the 

Bioflocculant 121 

4.7 Flocculation Behavior of Bioflocculant Produced 

from Chicken Viscera 123 

4.7.1 Bioflocculant Efficiency, Dose, and 

Bioflocculant Distribution 124 

4.7.2 Bioflocculation Relationship among Kaolin 

clay, Bioflocculant and Ca2+ 126 

4.7.3 Effect of Kaolin Clay Concentration on 

Flocculation Efficiency 126 

4.7.4 Effect of Temperature on Flocculation 

Efficiency 127 

4.7.5 Effect of pH on Flocculation Efficiency 128 

4.7.6 Flocculation of Different Types of Suspended 

Solids 129 

4.8 Effect of Cation on Efficiency of the Bioflocculant 130 

4.8.1 Effect of Na+ on the Bioflocculant efficiency 132 

4.8.2 Effect of K+ on the Bioflocculant 133 



xii 

4.8.3 Effect of Ca2+ and Mg2+ on the Bioflocculant 133 

4.8.4 Effect of Fe3+ on the Bioflocculant 134 

4.8.5 Effect of Al3+ on the Bioflocculant 135 

4.8.6 Floc size and Particle Size Distribution of the 

Flocculated Particles 136 

4.8.7 Zeta Potential and Mechanism of Flocculation 137 

CHAPTER 5 CONCLUSION AND RECOMMENDATIONS 141 

5.1 Conclusion 141 

5.2 Recommendations 143 

REFERENCES 145 

 

  



xiii 

LIST OF TABLES 

TABLE NO. TITLE PAGE 

Table 2.1 Bioflocculant producing microbial strains and their 

flocculation efficiencies 15 

Table 2.2 Summary of bioflocculant yield from different waste / 

wastewaters as reported in the literatures 32 

Table 2.3 Efficiency, composition and functional groups of 

bioflocculants from waste / wastewater 35 

Table 2.4 Flocculation efficiency of cation stimulated bioflocculation. 

The values were considered under optimum conditions 42 

Table 3.1 Coded and actual values of experimental variables for 

optimizing culture conditions for bioflocculant production 67 

Table 3.2 25 half fractional central composite design matrix employed 

for optimization of culture condition for bioflocculant 

production 68 

Table 4.1  Elemental analysis of raw chicken viscera. 83 

Table 4.2  Composition of the Viscera Hydrolysate. 84 

Table 4.3 Peak assignment table for FTIR spectrum of chicken viscera 88 

Table 4.4 Reported bioflocculant productions in the   literature at various 

temperature and speed 92 

Table 4.5 Central composite design matrix for culture conditions 

showing observed values for bioflocculant yield 96 

Table 4.6 Regression analysis (ANOVA) for the bioflocculant yield 

from A. flavus using chicken viscera hydrolysate as the sole 

medium 98 

Table 4.7 Observed and predicted values for the bioflocculant yield from 

A. flavus using chicken viscera hydrolysate as the sole medium

 99 

Table 4.8 Kinetic parameters of A. flavus grown on chicken viscera 

hydrolysates at optimized conditions 112 

Table 4.9 Compound composition of the purified bioflocculant 114 

Table 4.10 FTIR peak assignment for the bioflocculant 118 

Table 4.11 Molecular mass of the bioflocculant components (LC-MS 

QTOF) 123 



xiv 

Table 4.12 Bioflocculation Relationship among kaolin, bioflocculant and 

Ca2+ 126 

Table 4.13 Corresponding zeta potential values of the of the flocculation 

efficiencies of cation aided flocculation 132 

Table 4.14  Floc size and polydispersity index of kaolin particles 

flocculated with cationized bioflocculant 137 

 

  



xv 

LIST OF FIGURES 

FIGURE NO. TITLE PAGE 

Figure 2.1 Metabolic pathways for microbial conversion of substrate to 

bioflocculant (Modified from Rhem, 2010) 20 

Figure 2.2 Mechanisms of EPS – cation interaction (Modified from Li 

and Yu, 2014) 45 

Figure 2.3 Schematic diagram of the effect of cation dose on 

bioflocculation (Adopted from Khiew et al., 2016) 47 

Figure 2.4 Schematic diagram of divalent cation bridging 51 

Figure 2.5 An illustration of alginate theory (Modified from Leo et al., 

2008) 52 

Figure 3.1 General experimental design 57 

Figure 3.2  Blended viscera homogenate 60 

Figure 3.3 Liquid chicken viscera hydrolysate 61 

Figure 3.4 A. flavus grown on potato dextrose agar 63 

Figure 4.1a Elemental composition of viscera hydrolysis over six hours as 

determine by EDX (Carbon, Nitrogen, Oxygen) 86 

Figure 4.1b Elemental composition of viscera hydrolysis over six hours as 

determine by EDX (Phosphorus and Sulphur) 86 

Figure 4.3 A representative EDX spectrum of elemental composition of 

viscera hydrolysate 87 

Figure 4.4  FTIR spectrogram for the chicken viscera hydrolysate used in 

this study 88 

Figure 4.5  Bioflocculant production (BP) and mycelial dry weight (MW) 

at different pH. The error bars represent the standard deviation 

of the triplicate data 90 

Figure 4.6 Bioflocculant production (BP) and mycelial dry weight (MW) 

at different shaking speed. The error bars represent the 

standard deviation of the triplicate data 91 

Figure 4.7 Bioflocculant production (BP) and mycelial dry weight (MW) 

at different temperature. The error bars represent the standard 

deviation of the triplicate data 93 



xvi 

Figure 4.8 Bioflocculant production (BP) and mycelial dry weight (MW) 

at different inoculum size (v/v). The error bars represent the 

standard deviation of the triplicate data. 94 

Figure 4.9 (a) Normal probability plot of studentized residuals for 

bioflocculant yield from chicken viscera hydrolysate (b) Plot 

of studentized residuals versus predicted response 98 

Figure 4.10  Response surface plot of bioflocculant yield from model 

equation: effect of time and pH 101 

Figure 4.11 Response surface plot of bioflocculant yield from model 

equation: effect of time and shaking speed 102 

Figure 4.12 Response surface plot of bioflocculant yield from model 

equation: effect of time and temperature 103 

Figure 4.13 Response surface plot of bioflocculant yield from model 

equation: effect of time and inoculum 104 

Figure 4.14 Response surface plot of bioflocculant yield from model 

equation: effect of speed and pH 105 

Figure 4.15 Response surface plot of bioflocculant yield from model 

equation: effect of temperature and pH 106 

Figure 4.16 Response surface plot of bioflocculant yield from model 

equation: Effect of shaking speed and inoculum 107 

Figure 4.17 Time course of bioflocculant production from A. flavus using 

chicken viscera hydrolysate as a sole medium. The error bars 

represent the standard deviation of the triplicate data 109 

Figure 4.18 Time course of bioflocculant efficiency from A. flavus using 

chicken viscera hydrolysate as a sole medium 110 

Figure 4.19 Scanning electron microscopy image of the purified 

bioflocculant. Magnification 1550× 115 

Figure 4.20 Scanning electron microscopy image of Kaolin clay. 

Magnification: 1550× 116 

Figure 4.21 Scanning electron microscopy image of flocculated Kaolin 

clay. Magnification: 1550× 116 

Figure 4.22  FTIR spectrum for the bioflocculant 117 

Figure 4.23 XPS spectra of the bioflocculant 119 

Figure 4.24 Deconvoluted high resolution 1s XPS spectra of Carbon 120 

Figure 4.25 Deconvoluted high resolution 1s XPS spectra of Nitrogen 120 

Figure 4.26 Deconvoluted high resolution 1s XPS spectra of oxygen 121 

file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807550
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807550
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807551
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807551
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807552
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807552
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807553
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807553
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807554
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807554
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807555
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807555
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807556
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807556
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807559
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807559
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807560
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807560
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807561
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807561


xvii 

Figure 4.27  LC-MS QTOF positive and negative ESI spectrogram of the 

bioflocculant 122 

Figure 4.28 Bioflocculant efficiency, dose and distribution: culture broth 

(A), mycelia free supernatant (B), purified crude bioflocculant 

(C), washed mycelia (D), left-over ethanol-supernatant 

mixture (E). The error bars represent the standard deviation of 

the triplicate data 125 

Figure 4.29  Effect of Kaolin clay concentration on bioflocculant. The error 

bars represent the standard deviation of the triplicate data 127 

Figure 4.30 Effect of temperature on flocculation efficiency of the 

bioflocculant. The error bars represent the standard deviation 

of the triplicate data 128 

Figure 4.31 Effect of pH of the suspension on the efficiency of the 

bioflocculant. The error bars represent the standard deviation 

of the triplicate data 129 

Figure 4.32 Flocculation of different suspended particles by the 

bioflocculant. The error bars represent the standard deviation 

of the triplicate data 130 

Figure 4.33 Effect of cations on bioflocculation efficiency of A. flavus 

bioflocculant produced from chicken viscera hydrolysate. The 

error bars represent the standard deviation of the triplicate data.

 131 

Figure 4.34 Zeta potentials of the bioflocculant, kaolin suspension and 

treated water 139 

 

  

file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807567
file:///C:/Users/Hp/Desktop/Thesis%20Draft/Complete%20thesis%20draft%20as%20submitted%20for%20viva.docx%23_Toc22807567


xviii 

LIST OF ABBREVIATIONS 

EPS - Extracellular Polymeric Substances 

RSM - Response Surface Methodology 

DLVO - Derjaguin, Landau, Verwey, and Overbeek 

TSS - Total Suspended Solid 

COD - Chemical Oxygen Demand 

PAC - Polyaluminum Chloride 

EDTA - Ethylene Diamine Tetraacetic Acid 

SEM - Scanning Electron Microscopy 

FTIR - Fourier Transform Infrared Spectroscopy 

NMR - Nuclear Magnetic Resonance 

ESEM - Environmental Scanning Electron Microscopy 

CLSM - Confocal Laser Scanning Microscopy 

QCM - Quartz Crystal Microbalance 

GC - Gas Chromatography 

HPLC - High-Performance Liquid Chromatography 

GC-MS - Gas Chromatography-Mass Spectrometry 

IHF - Incorporation Host Factor 

POME - Palm Oil Mill Effluent 

DCB - Divalent Cation Bridging 

AOAC - Association of Official Analytical Chemists 

UNiCC - Microbial Culture Collection Unit 

PDA - Potato Dextrose Agar  

CCD - Central Composite Design  

OFAT - One Factor at a Time  

ANOVA - Analysis of Variance 

ESI - Electrospray Ionization 

DLS - Dynamic Light Scattering 

 



xix 

LIST OF SYMBOLS 

KBr - Potassium Bromide 

µ - Specific growth rate  

X - Biomass 

td - Doubling time  

Y - Yield coefficient 

S - Substrate 

   

   

  



xx 

LIST OF APPENDICES 

APPENDIX TITLE PAGE 

Appendix A Raw viscera mass 167 

Appendix B Data on particle size of the viscera homogenate 168 

Appendix C Hydrolysis of chicken viscera                                                          169 

Appendix D Spore count using haemocytometer                                                   170 

Appendix E Inoculated liquid viscera hydrolysate                                              171 

Appendix F    Data on effect of pH on A. Flavus growth and  

 bioflocculant production                                                                   

 

172 

Appendix G Data on effect of Shaker speed on A. flavus growth  

and bioflocculant production                                                                    

 

174 

Appendix H    Data on effect of agitation speed on A. flavus  

growth and bioflocculant production                                                                  

 

176 

Appendix I       Data on effect of Inoculum size on A. Flavus growth  

and bioflocculant production                                                                    

 

178 

Appendix J Preparation of dinitrosalicyclic acid reagent (DNS) 180 

Appendix K    Determination of reducing sugar concentration using  

DNS method Reagents          

1

181 

Appendix L    Preparation of Reagents for Protein Determination                             182 

Appendix M Calibration curve for total sugar determination                                 184 

Appendix N Glucose standard curve for Neutral sugar                                          185 

Appendix O Galacturonic acid standard curve for uronic acid 

determination                                                                

 

186 

 

Appendix P Operating Procedure of the CHNS Analyzer                     187 

   

       

      

                                                     

                                                             



 

1 

CHAPTER 1  

 

 

INTRODUCTION 

1.1 Background of the Study 

Environmental issues and their related devastating influence on economics of 

most nations are universal challenges that requires much attention. Though water is an 

inevitable need for life and energy, millions of human races globally are still anguish 

with the scarcity of quality water for drinking and other purposes (Barbera and 

Gurnari, 2018). In fact, one of the greatest challenges facing the globe today is mainly 

pollution of water which has become a serious hindrance to quality of life most 

especially in the industrious communities where the accumulated wastes or pollutants 

can directly or indirectly find their way to the water bodies. The continuous unplanned 

urbanization and rapid population growth has led to increase water pollution and 

associated prevailing health challenges. Untreated harmful industrial discharges, 

agricultural and domestic waste constitute major source of water pollution.  Pollution 

of water bodies can be subtly harmful to aquatic environment and pose challenge in 

attaining one of the world’s longest goals of attaining portable water for domestic 

consumption. 

In order to address the challenges of water pollution, a good number of 

treatment machineries including flocculation, ion exchange, filtration, oxidation 

processes and adsorption have been proposed and implemented. Flocculation involves 

removal of colloidal particles, cells and other suspended solids from a suspension in form 

of flocs due to aggregation. It has found wide application as a substitute to centrifugation 

and filtration in separation of microorganisms from broths beverages and pharmaceutical 

preparations (Okaiyeto et al., 2016). Flocculation is also an effective method in wastewater 

treatment for suspended solids and metal ion removal (Wu and Ye 2007). Over the years 

the chemical flocculants have widely been used to achieve flocculation due to their 

efficiency and cost effectiveness nevertheless, they are toxic to human health due to 
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the resultant secondary pollution created from residues of chemical flocculants 

(Bukhari et al., 2018).  

Further, the polymeric substances produced by microorganisms as metabolites 

of their cellular growth are comprise of complex multi-chain, weighty molecular 

polymers with repeating units of branched sugar derivatives, glycoprotein, polyolses 

and proteins (Sheng et al., 2010). Some of these polymers have ability to flocculate 

out suspended colloidal particles from wastewater and are generally refer to as 

bioflocculants.  

Bioflocculant yield as a product of fermentation is no doubt affected by the 

culture conditions and substrate composition. The effect of culture conditions varies 

with the organism and the substrate composition. Though biodegradable to no harmful 

intermediates and hence produce no secondary pollutant (Sun et al., 2015a), microbial 

bioflocculant  production is associated with low yield, high cost of production and 

sometimes low efficiency. To make bioflocculant as alternative to toxic chemical 

flocculants and for large scale industrial application, research efforts are directed 

towards maximizing yield and reducing the production cost. These can be achieved 

through isolation of new bioflocculant producing microbes, search for low cost but 

nutrient rich substrates for fermentation and modification of culture conditions and 

growth parameters for new and existing substrates.  

The present study uses chicken viscera to produce bioflocculant. The selection 

of the viscera is based on its composition of fermentable nutrients and availability in 

this part of the globe at no cost. Moreover, processing the viscera to fermentable 

nutrient for bioproduct production is simple, hydrolysis can be achieved at acidic pH 

with the indigenous enzymes and therefore no cost of enzyme is involve. Using the 

viscera for this purpose also offer a cost-effective, and eco-friendly alternative to 

manage the poultry waste. The bioflocculants produced with the use of waste  

generally have lower cost of production than the chemical flocculants that are 

produced via expensive techniques and raw materials. The cost of production is further 

reduced with the used of microorganisms which readily ferment the waste to 

bioflocculant without any prior pretreatment.       
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Design expert; a blend of mathematical and statistical methods, employed to 

evaluate the impacts of several independent variables on system response without any 

necessity to predetermined link between the objective role and variables. This method 

surmount the weaknesses of classical methods, and has been attested to be operational 

for optimization of target microbial metabolite yield (Ren et al., 2013). This study 

applied critical component design and response surface methodology, RSM to 

optimize the pre-studied culture conditions for Aspergillus flavus growth and 

bioflocculant yield using chicken viscera hydrolysate as a sole media. The physical 

and chemical properties of the bioflocculant were also determined along with the 

flocculation behaviour of the bioflocculant.      

1.2 Problem Statement 

Industrial growth is receiving a continuous and desirable attention because of 

its role in economics of every nation. However, it has substantially contributed high 

amount of water pollutants in addition to domestic and agricultural wastes that are 

already of major concern. The pollution of water bodies is not only damaging to the 

aquatic organisms but also renders the water unfit for local usage. Utilization of 

polluted water results to waterborne infections commonly found in under develop and 

developing nations. Thus, there is needs for continuous effort for water treatment 

strategies and evaluation of existing strategies.   

High efficiency and low cost of chemical flocculants have make  them suitable 

for use in wastewater and drinking water treatment and other industrial processes that 

requires flocculation (Salehizadeh and Shojaosadati, 2001). However, their wide 

application has resulted in environmental and health impacts. For example, many 

reports and one of them by Adlard and Bush (2018) and Campbell (2002) have 

demonstrated association of aluminium salts with Alzheimer’s disease. The use of 

aluminium as coagulating agent in water treatment can accumulate more aluminium 

in the treated effluent than in raw water. Similarly, neurotoxicity and carcinogenic 

effect of monomeric nonbiodegradable leftovers from polyacrylamide; an efficient 

chemical flocculant (LoPachin, 2004; Semla et al., 2017) constitutes serious 
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disadvantage to their use for wastewater treatment. These foreseeable weaknesses 

related to chemical flocculants necessitate exploration for safe substitute (Nwodo and 

Okoh, 2013). 

Although biodegradable, harmless and does not generate secondary pollutant, 

bioflocculants are associated with expensive cost of production and low yield. These 

limits their industrial applications. Therefore, there is need to search for bioflocculant 

yielding potential low-cost substrates as well as optimization of culture conditions for 

microbial growth on such substrates and corresponding bioflocculant yield. As 

different microorganisms and substrates are continuously been investigated to reduce 

production cost and increase the efficiency of bioflocculants as a promising substitute, 

nutrient sources, has been identified as one of major factors altering the economics of 

bioflocculant production especially for large-scale uses. Therefore, the feasibility of 

mass bioflocculant production is essentially coupled with the use of cheap nutrient 

sources such as those from animal waste. Recycling of agricultural waste has received 

much attention however, some of them such as chicken viscera are still underutilized. 

Although reported as a rich source of nutrient for microbial growth (Jamdar and 

Harikumar, 2008) there has not been any study to date that utilizes chicken viscera as 

a substrate for bioflocculant production. The chicken viscera in this study was 

hydrolyzed to make the nutrient readily available for microbial fermentation and to 

facilitate the measurement of the A. flavus growth. A. flavus was selected because it 

has been reported in the previous study (Aljuboori et al., 2015 and Aljuboori et al., 

2013) to produce bioflocculant using commercial media at specific culture conditions 

Further, bioflocculants have been reported to be less efficient as compared to 

chemical flocculants. This is largely due to repulsive forces that exist between the 

negatively charged bioflocculants and the suspended particles in wastewater that are 

in most cases negatively charge too. Evaluation of the bioflocculant generated from 

chicken viscera in the presence of positively charge ions is needed to enhance 

flocculation efficiency. This is because the hybridized cations can reduce repulsion 

between the negatively charged bioflocculants and negatively charged suspended 

particles through bridging and neutralization.  
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1.3 Objectives 

1. To hydrolyse and analyse chicken viscera for fermentable nutrient composition 

2. To optimize culture conditions for Aspergillus flavus growth and bioflocculant 

production on chicken viscera hydrolysate via batch fermentation. 

3. To characterize bioflocculant produced from chicken viscera hydrolysate 

4. To evaluate the flocculation behaviour of the bioflocculant and effect of 

cationization on flocculation efficiency 

 

1.4 Scope of the Study 

The scope of this study covers hydrolysis of chicken viscera using the 

indigenous enzymes at acidic pH of 2.8. The optimization of culture conditions for A. 

flavus fermentation of chicken viscera hydrolysate for bioflocculant production was 

conducted using one factor at a time (OFAT) in which one parameter was varied while 

keeping the remaining constant. The parameters studied included incubation period, 

initial pH, shaker speed, temperature and inoculum size. Response Surface 

Methodology, RSM (mainly critical component design; CCD) was further applied in 

optimization process to produce more accurate, reliable and significant study. The 

parameters fed to the CCD were based on the values obtained from the OFAT study. 

The purified bioflocculant was characterized for surface morphology (scanning 

electron microscopy); functional groups (FTIR and XPS), composition analysis and 

flocculation assay all using standard techniques.  The efficiency of the bioflocculant 

was stimulated via cationization with metal ions.  

1.5 Significances and Original Contributions of This Study 

This research will address the ongoing interest of producing a value-added 

bioactive compound (bioflocculant) from poultry waste as substrate that may 
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substitute the dependence on expensive commercial media that has add to cost of 

production of bioflocculant. In specific, this work brings into view the innovation of 

using chicken viscera for bioflocculant production for application in water treatment 

thereby offering a basic viewpoint for possibility of this innovation for imminent 

prospect of large scale bioflocculant production from chicken viscera and possibly for 

commercialization. Overall, this study will be beneficial to water treatment industry 

and contributes to the existing knowledge on valorisation of waste for bioflocculant 

production. A simple, inexpensive fermentation conditions for producing 

bioflocculant in aerated and agitated culture system was developed. The success in 

establishing substitution of commercial nutrient sources with chicken viscera for 

bioflocculant production offer a promising scientific wastewater treatment alternative 

that is cost-effective and eco-friendly while also combating environmental pollution 

from chicken viscera.  
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