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Chemical pretreatment of rice hull and coconut hull using Response Surface 
Methodology (RSM) 

 
ABSTRACT 

 
Nowadays, the demand for ruminant in the livestock industry is rapidly 

expanded and the demand for livestock feed supply was hardly fulfill. In this research, 
rice hull and coconut hull from agriculture waste was investigated. Before feed the 
rice hull and coconut hull to ruminant, the lignin content within the rice hull and 
coconut hull were determined before and after pretreatment. Response Surface 
Methodology (RSM) and Central Composite Designs (CCD) helped to get the 
optimum condition for alkali treatments by using sodium hydroxide (NaOH) to carry 
out. Fourier Transform Infrared (FTIR) helped to identify the lignin content in both 
hulls. The interaction of 3 parameters which are NaOH concentration, contact time, 
and weight of sample was investigated to optimise the lignin removal percentage (%). 
The parameters range were NaOH (1 M to 10 M), contact time (1 hour to 12 hours), 
and weight of sample (0.5 g to 5.0 g). The correlation coefficient, R2 for quadratic 
model of rice hull lignin removal (%) was 0.8863 while for coconut hull lignin removal 
(%) in linear model was 0.7998 as well as 2FI model was 0.8892. Three-dimensional 
(3D) response surface graph and two dimensional (2D) contour plots used to find out 
the relationship of the variables on the lignin removal. The optimum condition for rice 
hull lignin removal predicted by RSM were10 M NaOH concentration, 1 hour contact 
time, 0.5 g sample weight with 32.45% rice hull lignin removal percentage. The 
optimum condition for coconut hull lignin removal predicted by RSM were10 M NaOH 
concentration, 12 hours contact time, 0.5 g sample weight with 59.47% coconut hull 
lignin removal percentage. This shows pretreated rice hull and coconut hull able to be 
used as an effective alternative ruminant feed. This study improved utilization of 
agriculture waste as well as alternative feed for gradually expands feed cost. 
 
Keywords: Rice Hull, Coconut Hull, Lignin Removal, Pretreatment, Response Surface   
        Methodology (RSM) 
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Pra-Rawatan Kimia Sekam Padi Dan Sabut Kelapa Menggunakan Kaedah Gerak 
Balas Permukaan (RSM) 

 
ABSTRAK 

 
Pada masa kini, keperluan untuk ruminan dalam industri ternakan 

berkembang dengan pesat dan permintaan untuk bekalan makanan haiwan sukar 
dipenuhi. Dalam kajian ini, sekam padi dan sabut kelapa dari sisa pertanian 
merupakan cara telah disiasat. Kandungan lignin yang kumpul dalam sekam padi dan 
sabut kelapa telah ditentukan sebelum dan selepas pra-rawatan. kaedah gerak balas 
permukaan (RSM) and reka bentuk komposit berpusat (CCD) membantu 
mendapatkan keadaan optimum untuk rawatan alkali dengan menggunakan natrium 
hidroksida (NaOH) untuk dilaksanakan. Fourier Transform Infrared (FTIR) membanru 
mengenal pasti kandungan lignin dalam kedua-dua sekam. Interaksi antara 3 
parameter iaitu kepekatan NaOH, masa sentuhan, dan berat sampel telah disiasat 
untuk mengoptimumkan penyingkiran lignin (%). Julat parameter iaitu  kepekatan 
NaOH (1M kepada 10M), masa sentuhan (1 jam kepada 12 jam), dan berat sampel 
(0.5 g kepada 5.0 g). Pekali korelasi, R2 bagi model kuadratik untuk penyingkiran 
lignin sekam padi (%) adalah 0.8863 manakala  untuk penyingkiran lignin sabut 
kelapa (%) dalam model linear adalah 0.7998 sertai dengan model 2FI adalah 0.8892. 
Graf gerak balas permukaan tiga dimensi dan plot kontur dua dimensi telah 
digunakan untuk mencari hubungan  antara pembolehubah dalam penyingkiran lignin. 
Keadaan optimum bagi penyingkiran lignin sekam padi (%) yang telah diramalkan 
oleh RSM adalah 10 M kepekatan NaOH, 1 jam masa sentuhan, 0.5 g berat sampel 
dengan  32.45% penyingkiran lignin sekam padi. Keadaan optimum bagi 
penyingkiran lignin sabut kelapa (%) yang telah diramalkan oleh RSM adalah 10 M 
kepekatan NaOH, 12 jam masa sentuhan, 0.5 g berat sampel dengan  59.47%  
penyingkiran lignin sabut kelapa. Ini membuktikan bahawa sekam padi dan sabut 
kelapa yang telah dirawat boleh digunakan sebagai makanan alternatif yang 
berkesan untuk ruminan. Kajian ini telah meningkatkan penggunaan sisa pertanian 
dan makanan alternatif bagi menyelesaikan masalah harga makanan haiwan yang 
semakin meningkat. 

 
Kata kunci: Sekam Padi, Sabut kelapa, Penyingkiran Lignin, Pra-Rawatan, Kaedah 
GGGGGIIIIIGerak Balas Permukaan (RSM) 
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         CHAPTER 1 

 

INTRODUCTION 

 

 

1.1        Research Background 

 

As the human population growing annually, rice has become a staple food 

among Asia countries due to its economic and it has become a dietary habit. Other 

than rice, maize, potato, sugarcane and others are the major crop plants for human 

consumption. According to Hegde and Hegde (2013), there are 95% of the total rice 

production are developing country originated with China as the world largest producer 

among other countries. For 7000BC rice existed (OECD, 1999) and Mekong rivers in 

Southeast Asia and Niger River in Africa are the two places of rice origin (Porteres, 

1956; OECD, 1999). 

 

Since there is an unmilled rice or commonly known as paddy, there is a rice 

by-product (rice bran, hull, and germ). Heuzé and Tran (2015) stated that the 

proportion of rice and rice by-product are hulls (20%); bran (10%); polishing (3%); 

broken rice (1-17%); and polished rice (50-66%). Although most countries lack to 

make use of the rice hull but according to Hicks (1999), some countries like Egypt, 

Myanmar, and Bangladesh introduce rice hull as a ruminant feed, agriculture 

(medium for mushroom and enzyme), industries (concrete blocks and ceramic), fuel 

(biomass fuel), and energy (electricity and heat). 

 

Meanwhile, coconut or the fruit of Cocos nucifera stays the forth important 

role in the industrial crop according to Main et al. (2014). Among the total world 

production of coconut, almost 90% of them are from the Asia Pacific region where the 

FY
P 

FI
AT



 
 

 
2 

 

producer from India, Indonesia, and the Philippines occupy 75% of the world 

production (Warner et al., 2007). Coconut related products can be easily spotted in 

the market as feed for the domestic animal to local dishes and to ropes. When there 

is need for consumption and utilisation of coconut, there will be coconut waste and 

by-product production.  

 

Since the coconut hulls or exocarp or coir are readily and easily available as 

waste from green coconut production in the hawker stall, thus numerous coconut hull 

fiber could be obtained. Sivapragasam (2008) acknowledged that there are 5 major 

types of coconut in Malaysia which include 92.2% of Malayan Tall, 4.3% of hybrid 

Matag, 1.7% of Mawa, 1.7% of aromatic type (Pandan), and 0.2% of Malayan Dwarfs. 

Zafar (2015) mentioned that there are 30% coconut fibers out of 40% of the coconut 

hulls. The composition of the coconut hull for lignin is 32.8%, holocellulose is 56.3%, 

and cellulose is 4.2% according to Khalil et al. (2006). Coconut hulls are usually 

preferable for making the non-edible product like strings, mats, brushes, and stuffing 

for cushions but less focused as ruminant feed. 

 

Lawrence (2010) stated that the major issue in the livestock industry is the 

feed cost, which occupies 60-70% of the total production cost. Besides, the rising 

cost in feed, as well as the feed shortage also gives rise to chaos among Asian 

farmers (Ahuja, 2012) and FAOSTAT (2010) stated that Asia has heavily import 

tonnes of maize as livestock feed 20 years previously. These troubles the farmer and 

they had to search for alternative feed to cope with this problem. 

 

Rough rice bran (RRB), palm kernel meal (PKM) and cassava pulp (CP) are 

the alternative feedstuff farmers usually apply in the feed but since the composition of 

rice hull is double of the rice bran, double waste product after milling process will be 

produced. The composition of the rice hull for cellulose is 38%, hemicellulose is 20%, 
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and lignin is 22% based on Ludueña et al. (2011). Countries like Malaysia treat rice 

hull as an agricultural waste and rice milling company did not take further action to 

manage the rice hull but just left it to decompose in the field or burnt it in open space. 

The decomposition process for rice hull takes a long period of time and within the 

process, methane gas will be generated and it is a huge problem for the environment 

as well as open burning which cause pollution (Rozainee et al., 2009). Some 

universities in Malaysia, for instance Universiti Teknologi Malaysia (UTM) and 

Universiti Teknologi MARA (UiTM) had been researching on the rice hull. 

 

Thus, it is a chance for us as Malaysian to works this alternative method out 

by determining the suitability of the rice hull and coconut hull as ruminant feed 

although some research showed that rice hull is not appropriate as the feed of animal 

but inversely, rice bran has better potential as animal feed. The reason for this is the 

high level of cellulose and hemicellulose that cannot be digested by monogastric 

animal and will lower the digestibility of ruminant is coated and sheltered on the 

surface of the rice by the rice hull. However, rice hull and coconut hull does 

undergone pretreatment technology and the result was able to be used by some 

farmers as animal feedstuff. 

 

 The pretreatment method includes mechanical, chemical, biological, and 

physicochemical methods but it can be also a combination of several of it. 

Lignocellulosic biomass mainly consists of three polymeric components, 

hemicellulose which its role is to connect lignin and cellulose fibers, cellulose, the 

main component of cell walls, and lignin, which holds together cellulose and 

hemicellulose fibers and gives support, resistance and impermeability to the plant. 

Pretreatment which meant to enhance digestibility will somehow affect the fraction of 

the cellulose, hemicellulose, and lignin (Harmsen & Huijgen, 2010). Physical 

treatment includes contaminant elimination as well as structural cut down (Gupta & 
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Polach, 1985). Chemical treatment involves heating chemical to isolate contaminant 

shelter inside the product. Biological treatment involves microorganism to process 

lignocellulose. 

 

1.2        Problem Statement 

 

Rice hull or husk is a major problem of agriculture waste disposing and most 

people tend to solve this problem by giving rice hull a second life to turn into and the 

toothpaste, compost, fuel, and animal feed were produced. On the other hand, the 

majority of the coconut structure, on the other hand, face almost the same problem 

which the waste from it do not fully utilise by the agro-industrial chain to generate 

recyclable product but to burn the coconut waste to solve the problem. Farmers 

especially small-scale farmers are facing burdensome feed cost thus they intended to 

search for another alternative feedstuff for livestock especially ruminant. Due to the 

low quality composition of the rice hull and coconut hull, to make both hulls as feed, it 

needs to undergo several processes and some deduced so that the quality of the rice 

hull and coconut hull escalated but it is under expectation. However, if the rice hull is 

left untreated, it will raise the methane level and bring a problem to the environment 

which also causes pollution. Thus, why not make use of the abundant resources. 

Even though these hulls fitted farmers selection as the alternative feed but the 

lignocellulose becomes a barrier to them which affect the digestive ability of ruminant 

and this impact their performance and indirectly affect the livelihood of farmers. 

Therefore, other alternative, effective, low cost and environmental friendly method 

must be applied for the removal of the unwanted substance obtained inside the rice 

hull and coconut hull as well as determine the suitability of it as an alternative feed. 
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1.3        Objectives 

 

The objectives of this study are: 

 

1. To determine the efficiency of rice hull and coconut hull towards lignin 

removal using chemical pretreatment. 

2. To optimize the process variables (in terms of concentration, contact time, 

and weight of sample) on the removal of lignin content within rice hull and 

coconut hull. 

3. To analyse the relationship between process variables on the lignin removal 

with the aid of CCD model. 

 

1.4        Scope of Study 

 

The scope of the study is to investigate the removal of lignin content in rice 

hull and coconut hull using alkaline extraction method as an alternative low cost 

ruminant feed. The parameters investigated in this study were NaOH concentration (1 

M to 10 M), contact time (1 hours to 12 hours), and weight of sample (0.5 g to 5.0 g) 

where these experimental data obtained were analysed for optimization study aided 

by Response Surface Methodology (RSM) in Design Expert Software (Version 10.0).  

 

1.5        Significance of Study 

 

Rice hull and coconut hull could be an alternative low cost feed to be used in 

the animal from the agricultural by-product. As the human population keeps on 

increasing which decrease in arable land for the crop production to feed the livestock, 

readily available agricultural waste give a new life for feed and at the same time 

strengthen our livestock industry without dependence on other countries. It has a 
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potential to be a feed constituents after pretreatment process to improve the nutritive 

value of rice hull and coconut hull. The contribution of this study may help and 

improve the environmental protection as it fully utilizes the rice hull and coconut hull. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

 

 2.1       Lignin Breakdown  

 

Lignocelluloses component is a plant biomass which consists of carbohydrate 

polymers (cellulose and hemicellulose) and an aromatic polymer (lignin). In ruminant, 

the barrier for the plant cell wall degradation is the lignin-carbohydrate complexes 

mediated by phenolic compounds (PCLCC) which prevent the attack by the rumen 

microbes that eventually reduce the digestibility of ruminant (Cornu et al., 1994). 

Lignin is bounded chemically to carbohydrate and protein in cell wall which eventually 

forms a macromolecule that causes lignin to be problematic to extract (Moore & Jung, 

2001). There are several cross-linkage structures between lignin and cell wall 

components which are the α-ether linkage between lignin to polysaccharides 

(Baumberger et al., 2001). The plant cell wall structure is shown in Figure 2.1. 

 

Srivastava et al. (2012) stated that the problem that affects the ruminant 

digestibility is the lignin content which bound to cellulose and hemicellulose. The 

study also mentioned that the energy source of ruminant depends on fiber in their diet 

with the aid of rumen microbes. Their complicated structure cause they are ignored 

by the industrial use (Pouteau et al., 2003). It has been proven by Jung et al. (1994) 

that the digestibility of lignin in in vivo and in vitro, there was the adverse impact of 

the lignin concentration and cell wall digestibility. The microbe that naturally presents 

in the rumen has difficulty to access the cell wall will cause the low digestibility of the 

feed in ruminant (Metha et al., 2015). The lignin content in the rice hull is about 26 to 
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31% (Ludueña et al., 2011) which is undigestable fiber with the negative effect to dry 

matter intake and digestible energy (DE) of ruminant (Moore et al., 1994). 

 

It is acknowledged that the role of sodium hydroxide in pretreatment proven to 

break the lignin structure (by degenerate both ester and glycosidic chains and modify 

the lignin structure) cause cellulose to enlarge and the crystalline structure in 

cellulose and hemicellulose interrupted (Mcintosh & Vancov, 2010; Sills & Gossett, 

2011). Pretreatment also able to damage the biomass surface thus causing 

asymmetrical cracks and exposure to porosity (Zhu et al., 2008). Sukri et al. (2014) 

pointed out that the specific condition in the alkali pretreatment parameters are still a 

deficit in order to get the maximum removal of lignin and improve both cellulose and 

hemicellulose quantity. NaOH also separate natural fats, waxes as well as low-

molecular weight lignin compounds from the samples surface in order to expose 

reactive functional groups such as hydroxyl groups (Papita et al., 2012). The 

pretreatment of plant cell wall structure is shown in Figure 2.1. 

 

 

Figure 2.1: Structure of plant cell wall (Wakerley et al., 2017). 
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Figure 2.2: Structure of pretreatment of plant cell wall (Lee et al., 2014). 

 

2.2        Rice Hull  

 

Rice hull is one of the major agriculture waste that is plentiful in amount and 

its cellulose level is reachable within rice husk (Deschamps et al., 2013; Draman et 

al., 2014) and the quantity is over redundancy even though it has been transform into 

other benefited substance but still it is ended up as a waste (Giddel & Jivan, 2007; 

Ludueña et al., 2011). The cell wall where the lignocellulose which consist of 

hemicellulose, cellulose, and lignin that is present covered the surrounding of the rice 

hull which acts as a protection which is stubborn (Mussatto & Teixeira, 2010). The 

hydrogen bond that makes microfibril structure allows rice hull to be undissolvable 

and non-degenerable (Carpita & McCann, 2000). 

  

Unfortunately, the rice hull has minimal digestibility, low denseness in volume, 

prominent in silica content, and coarse surface (Saha & Cotta, 2008) which on the 

other hand rice bran after mix in animal feed tend to be more nutritious than rice hull 

(Heuzé & Tran, 2015). Vadiveloo et al. (2009) mentioned that although few 
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experiments were implemented, the nutritive value of rice hull is still under 

performance as animal feed. Hendriks & Zeeman (2009) also do not encourage as 

low protein and high lignocellulose content. 

 

2.3        Coconut Hull 

 

Young drinking coconut can be easily available throughout the tropical country 

and it is a cheap and hydrated drink for the locals. This indicates coconut is a readily 

available market for the local economy. In 2009, the coconut related industry gain 

economic support for RM 29 million to boost this agricultural sector (Razak et al., 

2010). Coconut waste from the stalls which sell coconut water majority will reach the 

landfill which is wasted (Tahir, 2012). According to Ding (2015), Malaysia did use 

coconut trunk as an alternative to furniture production other than using timber to 

promote green technology. 

 

 India and Sri Lanka are the only two vital coir (coconut hull fiber) producer 

which 10% from all the coconut hull are utilise while the left remains as waste 

(Warner et al., 2007). It was stated that coconut planting countries neglected the 

capability of the coconut hull (Warner et al., 2007). It has been estimated that coconut 

meal may be another alternative feed but it is still underutilise due to the lack of 

nutritional facts and processing facilities (Hutagalung, 1981; Wilson & Brigstocke, 

1981). 

 

 The major components in coconut hulls are lignin and cellulose. Green 

coconut hull fiber was chemically treated in order to remove pectin, waxy material as 

well as natural oil surrounding the fibre cell wall which all considered as lignin-related 

composition. The chemical composition of the coconut hulls are water soluble 
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(5.25%), pectin and related compounds (3.30%), hemicellulose (0.25%), cellulose 

(43.44%), lignin (45.84%), and ash (2.22%) (Jayabal et al., 2011). 

 

The coconut ripening process normally starts from the 6 months where the 

coconuts are used for drinking purposes but there was no coconut meat produced. At 

the 7 months, the coconut water getting sweeter and meat start to thickening until the 

10 months. Starts from the 11 months, the coconut hulls begin to dry out and become 

brown in colour (Chan & Elevitch, 2006).  

 

2.4        Various Pretreatment Methods  

 

Vadiveloo et al. (2009) mentioned that the maximum nutritional value can be 

reached when the rice hull undergoes pretreatment. The aim of pretreatment process 

is to alter the linkage in the lignocellulose into a more approachable for further action 

(Alonso et al., 2013; Barakat et al., 2013) but each of them has their own pros and 

cons. By combining several pretreatment processes are said to be more economic 

(Saha, 2005). Microwave, sulphur dioxide, alkaline hydrolysis, humid oxidation, dilute 

and concentrated-acid hydrolysis, steam explosion, milling and others are some of 

the common pretreatment method (Taherzadeh & Karimi, 2008). 

 

 Wang et al. (2016) selected alkaline and peroxide treatment to isolate 

cellulose from the rice husk. In their experiment, sodium hydroxide (NaOH) was 

selected as the alkali treated agents to prune polymerization and crystallization as 

well as disconnect the ester bonds tie on the xylan hemicellulose and lignin (Tarkow 

& Feist, 1969). For the peroxide treatment, it is expensive to carry out so another 

alternative and economic method are by applying lower hydrogen peroxide (H2O2) 

concentrations in alkaline hydrogen peroxide (AHP) treatment (Nigam et al., 2009). 
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Bensah and Mensah (2013) mentioned that by applying the chlorite method 

the lignin content reduced after various pretreatment, which are basic (Chang & 

Holtzapple, 2000), chloride and peracids (Kim & Lee, 2005), biodelignification using 

lignin microorganism (Han & Anderson, 2002), and photochemical pretreatment were 

tested (Durh et al., 2008).  

 

Jackson (2008) applying grinding and steam processing in the physical 

treatment, alkali treatment, and microbiological treatment to improve digestibility and 

nutritive value. Streaming able to improve energy level (Nour, 2006). Two outstanding 

NaOH methods are applied by following Bender et al. (2000) and Boliden (as 

mentioned by Homb et al., 2011) method. Nikzad (2013) concluded that among dilute 

sulfuric acid (1% v/v, 121°C, 30 minutes), dilute-NaOH (3% w/v, 121°C, 30 minutes) 

and heat treatment (121°C, 30 minutes), dilute-NaOH was the most suited method to 

apply in rice hull pretreatment as more lignin were eliminated. 

  

Aderolu et al. (2007) show the fungus, Trichoderma viride had maximised the 

nutritional value. White-rot fungi also use by Villas-Boas et al. (2002); Vadiveloo 

(2003) in biological treatment. The use of biological pretreatment is an energy 

conserve and moderate production situation that participated by white, brown and 

soft rot-fungi (Harmsen & Huijgen, 2010). This also supported by Chen et al. (2010) 

that prefer to use white rot fungi to break lignin down as it is eco-friendly with few 

damage to the environment. Phanerodontia chrysosporium microorganism is used by 

Potumarthi et al. (2013) in the pretreatment process. Besides, combination 

pretreatment showed a promising result. By joining mild either physical or chemical 

with biological pretreatment, it shorter the fungal pretreatment time in rice hull 

treatment (Yu et al., 2009). With the biological and liquid hot water pretreatment 

cooperate, Wang et al. (2012) stated that 92.33% hemicellulose were removed which 

is the highest result among others pretreatment test. 
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2.5        Fourier Transform Infrared (FTIR) Spectroscopy 

 

Fourier Transform Infrared (FTIR) spectroscopy is a method by using FTIR 

spectrometer to collect an infrared spectrum of solid, liquid or gas absorption or 

emission (Griffiths & Hasseth, 2007). It interprets functional groups in material and 

contains molecular bond structure which covers from 4000 cm-1 to 400 cm-1 (Bakri & 

Jayamani, 2016). It is broadly apply in practically every field of science quantitatively 

and qualitatively. The sample was placed inside the spectroscopy and a molecular 

fingerprint of the sample was customized through infrared projection from the laser 

onto the sample. Infrared radiation either absorbed by sample or transmitted (passed 

through) it. Hence, it is more prominent and application compared to dispersive infra-

red technology (Sawant et al., 2011). 

 

2.6        Optimisation Studies 

 

Optimisation in science indicates using less resource to modify a system to 

get the effective result. Optimisation in analytical chemistry means to review the 

impact of the variable on the experimental feedback (Kamsonlian & Shukla, 2013). 

Classically, the optimum condition of the parameter needed to be determining 

repeatedly through the experimental work until the optimum condition of each 

parameter was determined (Breitkopf & Coelh, 2010). To test the feasibility of a 

design, several variables needed to be adjusted while knowing the particular limits. 

Since it is not viable to test the entire configuration, thus less number of trials (which 

are not the exact predictive model) was employed to determine the optimal 

configuration so that the result can form the model before conducting optimisation. 

Fortunately, advanced technology creates an effortless and effective optimisation 

design to substitute the experimental method with computer simulation (Breitkopf & 

Coelh, 2010). 
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2.6.1     Response Surface Methodology (RSM) 

 

In the 50s, Response Surface Methodology (RSM) was created by Box and 

colleagues (Bruns et al., 2006). RSM means the accumulation of techniques in 

statistical and mathematical for experimental design, modeling, optimising the 

variables for the preferable response as well as assess the parameters in the 

appearance of complex interaction. It will create a response to variable related 

polynomial function with the particular point of variables (-1, 0, 1).  It is agreed that 

RSM allows work to be done in a more productive and resources saving ways since it 

keeps the experimental frequency to a minimum by determining the relationship 

between various study parameters (Jain et al., 2011). 

 

The objective of RSM is concurrently optimised among the range of variables 

to achieve favourable performance. There were two form of experimental design that 

needed attention before employing the RSM methodology which are the first-order 

model and the second-order model. The first-order models are suitable to utilise 

without the occurrence of curvature and used to examine the relation of two 

parameters while the second-order model is to utilise with the occurrence of curvature 

and used suitably to examine the relation of more than two parameters (Hanrahan et 

al., 2006). Khuri and Mukhopadhyay (2010) mentioned that the preferable model 

frequently implemented is the second-order model where the second-order model in 

this experimental design adopted is Central Composition Design (CCD).  

 

There were six points that apply in RSM as the optimisation method which are: 

(1) using the screening studies to pick on the dominant factor that affects the variable 

as well as recognise the binderies of the experimental region according to research 

studies; (2) experimental design selection and conducting experiment after 

experimental matrix were fixed; (3) utilise the experimental data to carry out 
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mathematic-statistical treatment which is polynomial function suited; (4) model’s 

qualification measurement by conducting analysis of variance (ANOVA); (5) demand 

of the displacement demonstration in direction to the optimal region confirmation;  

and (6) efficient values acquiring for each tested variable (Almeida et al., 2008 and 

Roosta et al., 2014). 

 

2.6.2     Central Composition Design (CCD) 

 

Central Composition Design (CCD) is the most favourable design among the 

second-order model created by Box and Wilson (Box & Wilson, 1951). This design 

contains three principles which are:  

1) A fractional factorial design, 2n, where n serve as the factor number; 

2) An additional design, mostly a star design where the experimental points 

are at an  interval α from its central; and 

3)  A central point (cp), serve as the replicate number of the central point. 

  

This design has three input factors responsible for the designing objective as 

well as the selected value according to the preliminary study which are diverged over 

five levels: minimum value (-1), middle value (0), maximum value (+1), and two outer 

points (-α and α) (Cho & Zoh, 2007). Three levels which are -1, 0, and +1 were 

applied in this study and depend on the equation of the total number of experiments, 

N and the equation 2.1 was used to aid the calculation. 

  

N = 2n+ 2n + cp                        (2.1) 

 

where N: the total number of experiments 

           n: the number of the point factors 

           cp: the central points 
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(a)                                                                           (b) 

Figure 2.3: CCD for (a) two variables and (b) three variables where (○) factor points,  

    (●) points of axial and (□) point of central (Bezerra et al., 2008). 
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CHAPTER 3 

 

METHODOLOGY 

 

 

3.1        Material and Chemicals  

 

The material used in this study was rice hull which was collected from rice hull 

supplier and green coconut hull was collected in the coconut stall in Sungai Petani, 

Kedah. The chemicals that used for the study include hydrochloric acid (HCl), sodium 

hydroxide (NaOH), potassium hydroxide (KOH), and calcium hydroxide (Ca(OH)2) (Li, 

1997).  

 

3.2        Equipment and Apparatus 

 

The equipment used included electronic balance, oven, vacuum pump, pH 

meter, and hot plate with a stirrer. The apparatus used were airtight zip bag, filter 

paper, filter funnel, glass, beaker (250 mL, 1 L, and 5 L), conical flask (250 mL and 

500 mL), spatula, aluminium foil, dropper, and gloves (Pouteaua et al, 2003). 

 

3.3        Methodology 

 

3.3.1     Preparation of Rice Hull and Coconut Hull 

 

The rice hull used in this study was collected from rice hull supplier and 

coconut hull was collected in the coconut stall in Sungai Petani, Kedah. The rice hull 

and coconut hull were washed with tap water and dried in an oven at 70°C for 24 

hours and stored in airtight zipper bag under dry environment. 0.5 g to 5.0 g range of 
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rice hull and coconut hull were weight using electronic balance and used in this 

experiment (Dong et al, 2011). 

 

3.3.2     Preparation of Sodium Hydroxide (NaOH) Solution 

 

 Three different concentration of NaOH solution (1 M, 5.5 M, and 10 M) were 

used in this study and these concentration can be referred in Appendix A. The 4 g of 

NaOH pellets were measured and dissolved in 500 mL beaker with 100 mL distilled 

water to produce 1 M standard NaOH solution. Next, the solution was mixed well until 

all the NaOH pellets completely dissolved to prepare standard NaOH solution. To 

produce 5.5 M standard NaOH solution, 22 g of NaOH pellets were measured and 

mixed well until all the NaOH pellets completely dissolved in 500 mL beaker with 100 

mL distilled water. To produce 10 M standard NaOH solution, 40 g of NaOH pellets 

were measured and mixed well until all the NaOH pellets completely dissolved in 500 

mL beaker with 100 mL distilled water (Dong et al, 2011). Different concentration of 

the NaOH solution prepared when needed according to the experimental design by 

Design Expert software (Version 10.0). 

 

3.3.3     Lignin Removal Studies 

 

 Lignin removal studies were carried out using rice hull and coconut hull. Three 

parameters were studied which are NaOH concentration, contact time, and sample 

weight. NaOH at concentrations of a range 1-10 molar (M) were used to pretreat 0.5-

5.0 gram rice hull and coconut hull samples in a range of 1-12 hours contact time 

(Pouteaua et al, 2003). 

  

 The determined minimum (-1) and maximum (+1) value of each parameter 

were inserted into Design Expert software (Version 10.0). The experimental design 
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that will be used in this study is response surface methodology (RSM) by employing 

central composite design (CCD). Analysis of variance (ANOVA) was used to support 

the relationship between the process parameters and the responses. 

 

 After the optimum condition of lignin removal was identified, other alkali 

solution which include potassium hydroxide (KOH) and calcium hydroxide (Ca(OH)2) 

were used to replace sodium hydroxide (NaOH) to confirm the alkali solution choose 

in this study was the best solution to remove lignin contain in rice hull as well as 

coconut hull (Gonçalves et al, 2016). 

 

3.3.4     Characterization of Rice Hull and Coconut Hull Using Fourier Transform   

  Infrared spectroscopy (FTIR)  

  

 FTIR technique was practised to determine and recognise the chemical 

functional groups by identifying the peak between the particular gap and band 

contained in rice hull and coconut hull after the pretreatment process. For rice hull 

and coconut hull sample, powdered form of the sample after pretreatment and dried, 

the powder samples were used for FTIR analysis. Transmission for FTIR spectra of 

rice hull and coconut hull were recorded using Perkin Elmer spectrum in the 400-

4000 cm-1 wavelength region (Bakri & Jayamani, 2016). 

 

3.3.5     Experimental Design Using Response Surface Methodology (RSM) 

 

The CCD in Design Expert software (Version 10.0) contains the setting of the 

‘numeric factors’ and ‘categoric factors which are set at three and zero. In this study, 

since three parameters were analysed, thus the numeric factors are set as three. The 

specified information about each parameter along with its minimum (low) and 

maximum (high) level by applying CCD model is shown in Table 3.1. 
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Table 3.1: Experimental design with Central Composite Design (CCD) application. 

Variables Name Units Low Level (-1) High Level (+1) 

A NaOH Concentration molar (M) 1 10 

B Contact time hours            1             12 

C Sample weight gram (g)          0.5              5 

 

Next, the CCD model followed by the faced centered choices of alpha, α 

equal to 1 is chosen. The face centered option shows the minimum (low), medium 

(middle), and maximum (high) levels. The response in this experimental design will 

be the removal percentage of lignin and the total numbers of experimental runs are 

20 runs with different operating conditions, as shown in table 3.2. Each experiment 

will be run once and the final weight of the pretreated sample will be measured using 

electronic balance. 
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Table 3.2: Total experimental runs generated using CCD model. 

Run A 

NaOH concentration 

(molar, M) 

B 

Contact time (hours) 

C 

Weight of sample 

(gram, g) 

1 5.5 6.5 5 

2 1 12 0.5 

3 5.5 6.5 2.75 

4 5.5 6.5 2.75 

5 5.5 6.5 0.5 

6 1 1 5 

7 10 6.5 2.75 

8 5.5 6.5 2.75 

9 5.5 6.5 2.75 

10 1 1 0.5 

11 5.5 12 2.75 

12 10 12 0.5 

13 1 6.5 2.75 

14 5.5 6.5 2.75 

15 10 1 0.5 

16 1 12 5 

17 5.5 6.5 2.75 

18 5.5 1 2.75 

19 10 12 5 

20 10 1 5 
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3.4        Optimisation Studies 

 

 Optimisation studies of lignin removal were conducted by comparing all the 

experimental results with the predicted experimental data with the aid of Design 

Export software 10.0 before the experimental data were analysed for the 

experimental response. Next, the response of the pretreatmented rice hull and 

coconut hull were evaluated by ANOVA to compare the result with the actual values. 

2D contour plot, 3D surface plot, and interaction plot generated by Design Export 

software 10.0 were used to observed and analysed the experimental data (Khuri & 

Mukhopadhyay, 2010). 
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CHAPTER 4 

 

RESULTS AND DISCUSSION 

  

 

4.1        Lignin Removal Study 

   

 There were 20 experimental runs were performed by using specific 

conjugation of three parameters with the guidance of statistical experimental design 

(Design Expert software version 10.0) to obtain the combined and individual outcome 

of a different parameter regarding the lignin removal effect. In this study, Response 

Surface Methodology (RSM) by employing central composite design (CCD) was used 

and since the setting is alpha distance to one (α = 1), it implies that the design model 

involves three level design of low (-1) middle (0), and high (+1) for each factor. Table 

4.1 displays the experimental design parameters using CCD. 

 

Table 4.1: Experimental design parameters using CCD. 

Factor Name Units Actual Factors Coded Factors 

   Low Middle High Low Middle High 

A NaOH 

concentration 

M 1 5.5 10 -1 0 +1 

B Contact time hours 1 6.5 12 -1 0 +1 

C Weight of 

sample 

g 0.5 2.75 5.0 -1 0 +1 

 

 In this experiment, the constant variables including agitation speed of the hot 

plate magnetic stirrer, room temperature (280C), and the volume of NaOH solution 

(100 mL). Zahoor (2011) mentioned that agitation speed has directly proportional to 
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the removal process. This can be explained by high turbulence speed will lower the 

boundary layer of resistance around the sample and enhance removal rate. In the 

other words, the agitation cause kinetic movement effect in adsorbate (NaOH solution) 

and absorbent (rice hull or coconut hull) which aids collision effect for better lignin 

removal rate (Biglari et al., 2016). Still, if the optimum agitation speeds are exceeded, 

it will enhance sufficiently kinetic energy which causes a rapid collision in the 

adsorbate and absorbent where the unsteadily bound adsorbate molecule will detach 

(Kusmierek et al., 2015). 

 

 Theoretically, the temperature is directly proportional to lignin removal rate as 

temperature raises the surface of adsorbent pore size and activation as well as the 

movement of the chemical molecule towards the site of active adsorption (Salleh et 

al., 2011). In the other words high temperature will let the adsorbate diffuse to the 

adsorbent surface and internal adsorbent pores (Chowdhury et al., 2011). Still, the 

active adsorbent surface and adsorbent particles will be destroyed if the excessive 

temperature were applied which weaken the efficiency or optimisation of the 

adsorption process (Khattri & Singh, 2009). 

 

 Besides, the volume of NaOH solution remains constant at 100 mL. A higher 

quantity of the solution indicates more adsorbent demanded to separate in a large 

quantity of the adsorbate to maintain the optimum adsorption process. At the same 

time, higher quantity of the NaOH solution is required, utilised, and then wasted.  
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Table 4.2: Experimental responses using CCD model 

Std 

Run 

A: NaOH 

concentration 

 

B: Contact 

time 

 

C: Weight 

of sample 

 

Lignin 

removal 

in rice 

hull (%) 

Lignin 

removal 

in 

coconut 

hull (%) 

1 0 0 0 13.31 19.96 

2 0 0 0 20.58 20.91 

3 0 0 -1 19.4 47.8 

4 -1 1 -1 16.6 44.4 

5 -1 1 1 19.44 19.54 

6 0 0 0 16.33 20.69 

7 1 -1 1 10.72 11.16 

8 0 0 0 15.60 23.82 

9 0 0 0 15.53 23.31 

10 0 -1 0 24.98 21.75 

11 -1 0 0 17.96 24.91 

12 1 -1 -1 33.2 30.2 

13 -1 -1 1 9.88 10.12 

14 1 0 0 8.98 16.18 

15 -1 -1 -1 10 31 

16 0 0 1 5.34 9.4 

17 0 0 0 16.4 22.44 

18 1 1 1 5.76 7.6 

19 0 1 0 28.29 28.51 

20 1 1 -1 28 63.6 
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4.1.1     Effect of NaOH Concentration  

 

Figure 4.1 represents the relationship of NaOH concentration and percentage 

of lignin removal in rice hull and coconut hull. From the results, it was observed that 

the average percentage removal of lignin in both samples are different with a 

favourable percentage of lignin removal in coconut hull compared to rice hull. Lignin 

content in coconut hull (32.8%) (Khalil et al., 2006) is higher than rice hull (22%) 

(Ludueña et al., 2011), thus more lignin removed from coconut hull.  

 

After the rice hull being treated with 1 M NaOH solution, the lignin decreased 

by 14.78%. Meanwhile, with 5.5 M NaOH solution of delignification, lignin content 

shifted to 17.57%. Moreover, after delignification by NaOH 10 M lignin content 

decreased by 17.33%. From this data, it could be observed that the lignin content 

decreased by increasing the NaOH concentration. Wang et al. (2016) proved similar 

trend related to rice hull which reported that delignification results are better in lower 

NaOH concentration.  

 

After the coconut hull being treated with 1 M NaOH solution, the lignin 

decreased by 25.99%. Meanwhile, with 5.5 M NaOH solution of delignification, lignin 

content shifted to 23.86%. Moreover, after delignification by NaOH 10 M lignin 

content decreased by 25.75%. From this data, it could be observed that the lignin 

content decreased by increasing the NaOH concentration. Jayabal et al. (2012) and 

Akbarningrum et al. (2013) reported less lignin obtained when increasing the alkali 

concentration which is opposite from this trend. This may be due to the different 

preparation method in this experiment, which only cut coconut hull into smaller pieces 

with Akbarningrum et al. (2013)  which soaked coconut coir for 24 hours followed by 

cut, milled and sieved it to optimised the adsorption of NaOH thus aided the lignin 

removal. 
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Figure 4.1: Effect of NaOH concentration on the lignin removal percentage in rice hull  

       and coconut hull. 

  

4.1.2     Effect of Contact Time   

 

Figure 4.2 represents the relationship of contact time and percentage of lignin 

removal in rice hull and coconut hull. From the results, it was observed that the 

average percentage removal of lignin in both samples increased. After the rice hull 

being treated with NaOH solution for 1 hour, it showed 17.76% lignin removed from 

the rice hull. Meanwhile, for 6.5 hours of pretreatment process, lignin content 

decrease to 14.94% and in 12 hours delignification by NaOH solution, lignin content 

decrease by 19.62%. From this data, it could be observed that the lignin content 

decreased by increasing the contact time between NaOH and rice hull.  

 

After the coconut hull being treated with NaOH solution for 1 hour, it showed 

17.76% lignin removed from the coconut hull which is the same result with rice hull at 

the same pretreatment condition. Meanwhile, for 6.5 hours of pretreatment process, 

lignin content dramatically drops to 22.94% and in 12 hours delignification by NaOH, 
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lignin content decrease by 32.73%. From this data, it could be observed that the 

lignin content decreased by increasing the contact time between NaOH and coconut 

hull.  

 

Nikzad et al. (2013) mentioned that 30 minutes of contact time with NaOH 

solution allows highest lignin removal among 15-45 minutes of the test while Dong et 

al. (2011) mentioned that among 20 minutes till 120 minutes test, 120 minutes 

showed the best lignin removal result. Wang et al. (2016) on the other hand fixed 24 

hours in all the lignin removal experiment. This indicated that there was various 

NaOH pretreatment contact period but most of the articles reported that better result 

in longer contact time.  

 

 

Figure 4.2: Effect of contact time on the lignin removal percentage in rice hull and  

           coconut hull. 
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4.1.3     Effect of Weight of Sample 

 

Figure 4.3 represents the relationship of the weight of sample and percentage 

of lignin removal in rice hull and coconut hull. From the results, it was observed that 

the average percentage removals of lignin in both samples are decreased.  

 

After 0.5 g rice hull being treated with NaOH solution, it showed 21.44% lignin 

removed from the rice hull. Meanwhile, after 2.75 g rice hull being treated with NaOH 

solution of pretreatment process, lignin content dramatically drops to 17.8% and with 

5 g rice hull being treated with NaOH solution, lignin content decrease by 10.23%. 

From this data, it could be observed that the less lignin content removed from rice 

hull by increasing the weight of rice hull.  

 

After 0.5 g coconut hull being treated with NaOH solution, the result of lignin 

removal in coconut hull (43.2%) is double up to the result of lignin removal in rice hull 

(21.44%). Meanwhile, after 2.75 g coconut hull being treated with NaOH solution of 

pretreatment process, lignin content dramatically drops to 22.25% and with 5 g rice 

hull being treated with NaOH solution, lignin content decrease by 11.56%. From this 

data, it could be observed that the less lignin content removed from rice hull when the 

weight of rice hull is increased.  

 

Biglari et al. (2016) mentioned that agitation cause kinetic movement effect in 

adsorbate (NaOH solution) and absorbent (rice hull or coconut hull) which aids the 

collision effect for better lignin removal rate but if excessive sample were added in the 

NaOH solution, it may reduce the effectiveness of the colliding process which causes 

less lignin removal. Ávila-Lara et al. (2015) supported in the study that 13.1% solid 

among 3% to 30% solid perform the best in alkali pretreatment which also supported 
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by previous studies which obtain the optimum results (Wang et al., 2010; Xu et al., 

2010). 

 

 

Figure 4.3: Effect of the weight of sample on the lignin removal percentage in rice hull  

       and coconut hull. 

 

4.2        Development of Regression Model Equation for Rice Hull (R1) 

 

In this study, central composite design (CCD) was adopted in order to study 

the relationship of the independent variable individually and the interactive effect of 

on the percentage of lignin removal with 20 runs of the experiment. These 

independent variables comprised of NaOH concentration,  contact time, and weight 

of the sample. Table 4.3 shows the model equation for rice hull lignin removal 

produced by the Design Expert Software Version 10.0.  

 

 Among the four sources of the model which include linear, 2FI, quadratic and 

cubic model suggested by the Design Expert Software Version 10.0, the quadratic 

model was the fittest model to be utilised in this study for lignin removal. Quadratic 

model equals to a second-order polynomial model which encompass linear as well as 
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the two-factor term. On the other hand, the model remark aliased which is the cubic 

model was interpreted as not fitted for the responses.  

 

Table 4.3: Model summary statistics for rice hull (R1). 

Source 
Std. 

Dev. 
R-Squared 

Adjusted 

R-Squared 

Predicted 

R-Squared 
PRESS REMARKS 

Linear 6.82 0.3130 0.1842 -0.2951 1403.66 
 

2FI 5.37 0.6537 0.4938 0.3214 735.47 
 

Quadratic 3.51 0.8863 0.7839 0.2879 771.81 Suggested 

Cubic 2.34 0.9697 0.9042 -4.0731 5498.21 Aliased 

 

 According to the model summary statistics in Table 4.3, the standard 

deviation of the quadratic model was 3.51 while R-squared (R2) value was 0.8863. R2 

or correlation coefficient was used to determine the reliability of the model generated. 

Theoretically, if the R2 value was proximally 1.00, this indicates the developed model 

is said to be valid and able to forecast a fruitful feedback (Narayana et al., 2011). In 

other words, this study has 88.63% of the variability in the response which predicted 

by the model and it indicated the predicted value was approximate to the actual 

experimental value, hence this fitted the response desirably.   

 

 Model summary statistics provided adjusted R2 and predicted R2 which both 

should be about 0.20 differences between them for reasonable agreement but this 

study showed 0.7839 for adjusted R2 and 0.2879 for predicted R2 which exceeded the 

reasonable range. It means that either the data or the model part had problem or 

block effect emerged. Frost (2013) reported that both types of R2 contribute by 

evaluating the predictors number in the model. The contrast between adjusted R2 and 

predicted R2 is the adjusted R2 was the adjusted or modified predictors’ number in the 

FY
P 

FI
AT



 
 

 
32 

 

model while the predicted R2 determined the capability of the model forecast the 

response values. 

 

Table 4.4: Standard deviation and the quadratic model for R2 of lignin removal (R1). 

Std. Dev. 3.51 
 

R-Squared 0.8863 

Mean 16.81 
 

Adj R-Squared 0.7839 

C.V. % 20.88 
 

Pred R-Squared 0.2879 

PRESS 771.81 
 

Adeq Precision 11.193 

 

 Table 4.4 shows a more thorough quadratic model for R2 for lignin removal 

which involved the standard deviation and quadratic model. The coefficient of 

variation (C.V. %) measures the dispersion of variables which compare the variables 

or standard deviation on the same relative scale or ratio. If CV is less than 10% 

indicates it is low with high precision. Meanwhile, 10 to 20% CV is evaluated as the 

medium, which indicated in good precision while 20-30% CV is evaluated as high, 

indicating low in precision. Excess 30% CV is evaluated as very high, which has very 

low precision (Gomes, 2009). In Table 4.4, the value of CV shown was 20.88% which 

located within the range showing nearly medium to low in precision. Adequate 

precision in this study is 11.193 which according to Ghafari et al. (2009), adequate 

precision means the signal to noise ration measurement and greater than 4 is 

preferable value. This ratio in this study indicated that this model is qualified to be 

used. 

 

The empirical polynomial equation is a type of polynomial analysis that 

examines the relationship between different variables towards the lignin removal 

which generated by the RSM. Equation 4.1 demonstrated a complete empirical 

polynomial equation for lignin removal. 
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RH lignin removal, Y (%) = 16.76 + 1.28A + 0.93B - 5.61C - 3.29AB - 5.93AC  

                      + 0.40BC - 3.98A2 + 9.18B2 - 5.08C2                          (4.1) 

where A: NaOH concentration 

           B: Contact time 

           C: Weight of sample 

 

According to Equation 4.1, there were positive and negative sign before each 

coefficient which the positive sign represented as a synergistic effect whereas the 

negative sign represented as an antagonistic effect (Alkhatib et al., 2015). The 

equation showed coefficient with one and two factors which indicated the influence of 

individual factor as well as the interaction effect among the factors. The coefficient 

with second-order term indicated the factors quadratic effect. 

 

This equation also showed that among all three factors, factor A (NaOH 

concentration), factor B (contact time), and interaction factors of BC (contact time and 

weight of sample) have a positive response towards the lignin removal percentage. 

Factor A contributes the most towards the lignin removal due to it is the largest 

positive coefficient and the individual variation has more influence on the response 

apart from the interaction among the variation. 

 

4.3        Statistical Analysis for R1 

 

In order to convince the significance of the model, analysis of variance 

(ANOVA) was utilised as shown in Table 4.5. ANOVA is a statistical technique 

measuring contrast among varieties or in this study it analyses three independent 

variables. To get the mean square in the quadratic model, the total of the squares of 

individual variation associated with the degree of freedom were divided. This analysis 
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able to measure the parameter hypothesis in the model (Jaikumar & Ramamurthi, 

2009).  

 

According to Ghafari et al. (2009), there were F-test and p-value in the 

ANOVA table where F-test examine the statistical importance contain in the model 

while the p-value examines the importance as well as the style of experimental 

parameters relationship. Statistically, the larger value of F-test and smaller p-value 

were demanded a better reputation in this model as reported by Arau et al. (2005) 

that below 0.0500 p-value is important for the model.  

 

Smaller p-value also supported the rejection of null hypothesis hence favour 

the alternative hypothesis (Dorey, 2010). Table 4.5 present 8.66 F-value and 0.0011 

p-value which means there was only 0.11% chance for large F-value to noise. 

Smaller p-value than 0.05 (95% confidence level) in this study supported the 

statistical significance of the model terms. 

 

Table 4.5 shows non-significant in lack of fit in this model which represent this 

model fit the experiment data well. Lack of fit represents data variability surrounding 

the fitted model. The model does not fit the data if lack of fit in the ANOVA model is 

significant (Ghafari et al., 2009). There were 3.35 F-value in the lack of fit showed 

pure error was not significant and 0.1054 p-value in the lack of fit showed only 10.54% 

chance for F-value this large to appear because of noise. Hence, this model is 

appropriate for this experiment. 
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Table 4.5: ANOVA table for response surface quadratic model of R1 

Source 
Sum of 

Squares 
df 

Mean 

Square 

F 

Value 

p-value 

Prob > F 

Model 960.53 9 106.73 8.66 0.0011* 

A-NaOH Dosage 16.33 1 16.33 1.32 0.2765 

B-Contact Time 8.67 1 8.67 0.70 0.4213 

C-Gram 314.27 1 314.27 25.49 0.0005* 

AB 86.59 1 86.59 7.02 0.0243 

AC 281.32 1 281.32 22.82 0.0007* 

BC 1.28 1 1.28 0.10 0.7539 

A2 43.61 1 43.61 3.54 0.0894 

B2 231.89 1 231.89 18.81 0.0015 

C2 71.03 1 71.03 5.76 0.0373 

Lack of Fit 94.92 5 18.98 3.35 0.1054 

                * represents that the value is significant 

 

4.4        Predicted Values versus Actual Values for R1 

 

The predicted values of the response were foreseen by the CCD model of the 

Design Expert Software Version 10.0 whereas the actual value is practically run by 

experiment. The fitness of the model according to the selective experimental data for 

parameters evaluated is the one that differentiates the predicted values and actual 

values (Chakraborty et al., 2005). By employing error equation percentage, the 

normal plot of residual and scatter plot of predicted versus actual values could be 

analysed to determine the appropriateness and fitness of both predicted and actual 

values in a model (Pineiro et al., 2008). 
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Based on Table 4.6, the most outstanding percentage of the lignin removal 

was 28.29% with the optimum condition of 5.5 M of NaOH concentration, 12 hours of 

contact time, and 2.75 g of sample weight in the actual value whereas the predicted 

value, 26.87% lignin removal were slightly differ from the actual value. 

 

Furthermore, Figure 4.7 showed the analysis for the normality of the residuals 

in order to further evaluate the error terms are distributed normally. It can be stated 

that the residuals descended approximately to the straight which means that the 

errors distributed normally. Noordin et al. (2004) supported that if most of the 

residues lie on the straight means the proposed model for lignin removal can be 

accepted hence no discussion needed for the independence variance deduction. 

 

Apart from that, Figure 4.8 showed the interaction of the predicted and actual 

values of the response of lignin removal percentage. It can be stated that the 

residuals descended approximately to the straight which means that the errors 

distributed normally. Kansal et al. (2005) supported that the quadratic model 

developed was moderately well fitted with the observed values.  
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Table 4.6: Results for actual values and predicted values lignin removal (R1). 

Run 

Order 

Coded Factors Lignin Removal (%) 

A (NaOH 

concentration) 

B (Contact 

time) 

C (Weight 

of sample) 

Actual 

Value 

Predicted 

Value 

1 0 0 0 13.31 16.76 

2 0 0 0 20.58 16.76 

3 0 0 -1 19.4 17.28 

4 -1 1 -1 16.6 19.09 

5 -1 1 1 19.44 20.54 

6 0 0 0 16.33 16.76 

7 1 -1 1 10.72 8.58 

8 0 0 0 15.60 16.76 

9 0 0 0 15.53 16.76 

10 0 -1 0 24.98 25.01 

11 -1 0 0 17.96 11.50 

12 1 -1 -1 33.2 32.45 

13 -1 -1 1 9.88 11.30 

14 1 0 0 8.98 14.05 

15 -1 -1 -1 10 11.45 

16 0 0 1 5.34 6.07 

17 0 0 0 16.4 16.76 

18 1 1 1 5.76 4.66 

19 0 1 0 28.29 26.87 

20 1 1 -1 28 26.93 
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Figure 4.4: Plot of normal % probability versus residual error of lignin removal (R1). 

 

 

Figure 4.5: Diagnostic plot for predicted versus actual values for lignin removal (R1). 
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4.5        Optimisation of Adsorption Variables of Lignin Removal (R1) 

 

Three-dimensional (3D) response surface graph and two dimensional (2D) 

contour plots are the visual inspection for the graph which intent to find out the 

relationship of the variables on the lignin removal at the same time keeps the other 

variables constant. It objectively utilised to search for the optimum response from 

optimum variables. 

 

4.5.1     Effect of NaOH Concentration and Contact Time on Lignin Removal (R1) 

 

 Figure 4.6 (a) and 4.6 (b) displayed the integrated result of NaOH 

concentration and contact time while maintaining the constant weight of the sample at 

2.75 g. Referring to the design point, the rice hull lignin removal percentage 

increased with increase of both NaOH concentration and contact time. From the 

graph, there were blue to the red colour zone where the colour around red zone is 

preferable and favourable response performance while colour around blue zone is 

the opposite meaning. 

 

 According to Figure 4.6 (a) and 4.6 (b), the NaOH concentration increase from 

1 M to 5.5 M provide more chances to exposed adsorption site in the rice hull interact 

with NaOH solution which eventually increase the rice hull lignin removal percentage 

(Ofomaja, 2008). The figure showed 33.20% optimum response value in the red zone. 

Still, above 5.5 M NaOH concentration fails to remove rice hull lignin percentage 

which indicated equilibrium system had achieved at 5.5 M thus further higher 

concentration gradually retarded (Banerjee & Chattopadhyaya, 2013). 

 

 Meanwhile, the contact time increases continuously from 1 hour to 12 hours 

as the equilibrium was not reached throughout this period of time. The maximum rice 
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hull lignin removal percentage for both NaOH concentration and contact time 

interaction effect was 28.29% at the optimum condition of 5.5 M NaOH concentration 

and 12 hours contact time with 2.75 g constant weight of the sample. 

 

 

Figure 4.6: (a) 3D response surface graph of the interaction effect of NaOH  

        concentration (M) and contact time (hours) on lignin removal (%). 
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Figure 4.6: (b) 2D contour surface plot of the interaction effect of NaOH concentration  

        (M) and contact time (hours) on lignin removal (%). 

 

4.5.2    Effect of NaOH Concentration and Weight of Sample on Lignin Removal   

huuuul(R1) 

 

 Figure 4.7 (a) and 4.7 (b) demonstrated the interactive response of the NaOH 

concentration (M) and sample weight (g) on lignin removal (%) where the contact 

time was maintained constant at 6.5 hours. Figure 4.7 (a) and 4.7 (b) displayed the 

colour from blue to green which means the rice hull lignin removal percentage 

gradually increases along the increase of NaOH concentration (M) from 1 M to 5.5 M 

and sample weight (g) from 0.5 g to 2.75 g, respectively. NaOH concentration after 

5.5 M does not show an increase in the lignin removal percentage indicated the alkali 

solution had saturated the rice hull binding site eventually become a barrier for free 

chemical particles in the alkali solution to be absorbed which lead to low lignin 

removal (El-Wakil et al., 2015). 
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 On the other hand, the sample weight (g) after 2.75 g do not have shown the 

increase in lignin removal percentage indicated there is more vacant adsorption site 

in total surface area obtain in rice hull than provided by the adsorbate in NaOH 

solution (Nuengmatcha et al., 2014). The maximum rice hull lignin removal 

percentage for both NaOH concentration and sample weight (g) interaction effect was 

20.58% at the optimum condition of 5.5 M NaOH concentration and 2.75 g sample 

weight with 6.5 hours constant contact time. 

 

 

Figure 4.7: (a) 3D response surface graph of the interaction effect of NaOH  

        concentration (M) and sample weight (g) on lignin removal (%). 

Design-Expert?Software
Factor Coding: Actual
 l ignin RH (%)

Design points above predicted value
Design points below predicted value
33.2

5.34

X1 = A: NaOH dosage
X2 = C: gram

Actual Factor
B: Contact time = 6.5

0.5  
1.4  

2.3  
3.2  

4.1  
5  

  1
  2

  3
  4

  5
  6

  7
  8

  9
  10

-10  

0  

10  

20  

30  

40  

 lig
ni

n 
R

H
 (%

)

A: NaOH dosage (M)C: gram (g)

FY
P 

FI
AT



 
 

 
43 

 

 

Figure 4.7: (b) 2D contour plot of the interaction effect of NaOH concentration (M)  

        and sample weight (g) on lignin removal (%). 
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 Figure 4.8 (a) and 4.8 (b) demonstrated the interactive response of the 

contact time (hours) and sample weight (g) on lignin removal (%) where the N was 

maintained constant at 5.5 M. The figures displayed the rice hull lignin removal 

percentage increase gradually along the increase of contact time (hours) from 1 hour 

to 12 hours and sample weight (g) from 0.5 g to 2.75 g, respectively. This indicated 

that at 2.75 g of the sample had reach equilibrium even in longest contact time in this 

study and further contact time may be needed to obtain better lignin removal. The 

maximum rice hull lignin removal percentage for both contact time (hours) and 

sample weight (g) interaction effect was 28.29% at the optimum condition of 12 hours 

contact time and 2.75 g sample weight with 5.5 M constant NaOH concentration. 
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Figure 4.8: (a) 3D response surface graph of the interaction effect of contact time  

        (hours) and sample weight (g) on lignin removal (%). 

 

 

Figure 4.8: (b) 2D contour plot of the interaction effect of contact time (hours) and  

        sample weight (g) on lignin removal (%). 
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4.6        Numerical Optimisation of Rice Hull using the Desirability Function of 

hhhhhhllR1 

 

 Numerical optimisation objectively applied to familiarise with the compromise 

solution with features accompanied by parameters in the experiment mixed with bias, 

prediction and solidity compositions (Costa et al., 2011). Desirability function, on the 

other hand, aided in optimisation process which randomly begins at any starting point 

thus continue to maximum (JMP Statistical Discovery, 2016). When one response 

positively shifted, it negatively compromises another response which desirability 

function might minimise this situation by providing the overall desirable function with 

the blend and reorganised the responses. 

 

According to Jahani et al. (2008), desirability function has a range of 0 to 1 

which d = 0 means completely intolerant response or less desirability while d = 1 

means favourable response or more desirability. This indicated the value‘d’ is directly 

proportional to the desirability response. Experimentally, the best optimum values 

from the variables are 10 M NaOH concentration, 1 hour contact time, and 0.5 g 

sample weight with 33.2% rice hull lignin removal percentage. On the other hand, 

based on the Design Expert Software Version 10, the predicted rice hull lignin 

removal percentage which is 32.45% share the same condition operate under this set 

of the environment with the 0.973 desirability near to 1. 

 

Figure 4.9 (a) and 4.9 (b) demonstrated the interactive response of the NaOH 

concentration (M) and contact time (hours) on lignin removal (%) with 0.5 g weight of 

sample remain constant. Figure 4.9 (a) which is a 3D response surface graph 

demonstrated the optimum point of the lignin removal lied near to desirability of 1.0. 

Figure 4.9 (b) which is a 2D response surface graph demonstrated the desirability 

extended from blue colour to the red colour as the range of desirability increase zero 
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to one. The highest value of desirability represented by red colour is more than 0.8 

desirability which is approximately to 1. 

 

 

Figure 4.9: (a) 3D response surface graph of the interaction effect of NaOH  

        concentration (M) and contact time (hours) on lignin removal (%). 
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Figure 4.9: (b) 2D contour plot of the interaction effect of NaOH concentration (M)  

        and contact time (hours) on lignin removal (%). 

 

4.7        Development of Regression Model for Coconut Hull (R2) 
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Table 4.7: Model summary statistics for coconut hull (R2). 

Source 
Std. 

Dev. 

R-

Squared 

Adjusted 

R-Squared 

Predicted 

R-Squared 
PRESS Remarks 

Linear 6.72 0.7998 0.7622 0.5863 1493.50 Suggested 

2FI 5.55 0.8892 0.8381 0.2046 2871.38 Suggested 

Quadratic 4.91 0.9331 0.8730 -0.0805 3900.44 
 

Cubic 1.69 0.9953 0.9850 -0.6836 6077.72 Aliased 

 

 The standard deviation in Table 4.7 for the linear model was 6.72 while the 

2FI model was 5.55. The squared (R2) value for linear model was 0.7998 while 2FI 

model was 0.8892 which this study indicates proximal to 1.00. The linear model was 

79.98% while the 2FI model was 88.92% of response variability can be explained by 

the model. As mentioned both adjusted R2 and predicted R2 desirably have 0.20 

differences. Table 4.7 showed 0.7622 for adjusted R2 and 0.5863 for predicted R2 in 

the linear model while 2FI model showed 0.8381 for adjusted R2 and 0.2046 for 

predicted R2 which nearly exceed the reasonable range. Hence, this model 

demonstrated reasonable agreement among linear as well as 2FI model and the 

experimental data.   

 

Table 4.8: Standard deviation and quadratic model for R2 for lignin removal (R2). 

Std. Dev. 5.55 
 

R-Squared 0.8892 

Mean 24.86 
 

Adj R-Squared 0.8381 

C.V. % 22.31 
 

Pred R-Squared 0.2046 

PRESS 2871.38 
 

Adeq Precision 16.092 
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Table 4.8 represents the standard deviation and quadratic model for R2 for 

lignin removal (R2) from coconut hull. The value of CV shown was 22.33% which is 

evaluated as high as it is in the range of 20-30%, indicating low in precision. This 

indicated the model is reliably fit to the experimental data. Table 4.8 also represents 

16.092 for adequate precision value which the value is greater than 4. This indicated 

the model is qualified to be used. 

 

The empirical polynomial equation also produced by RSM regarded to coded 

factor. Equation 4.3 displayed as a completed empirical polynomial equation for lignin 

removal which is vital among the variables relationship towards of lignin removal. 

 

CH lignin removal, Y (%) = 24.87 – 0.12A + 5.94B - 15.92C + 0.88AB – 3.66AC  

        - 5.12BC                                        (4.3) 

where A: NaOH concentration 

           B: Contact time 

           C: Weight of sample 

 

According to Equation 4.1, the positively sign coded of factor B (contact time) 

and factor AB (NaOH concentration and contact time) has significance positive 

impact towards the lignin removal. Among the positive sign factors, individual coded 

factor B has more influence on the response apart from interaction among the 

variation. 
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4.8        Statistical Analysis of R2 

  

 Table 4.9 shows ANOVA table for the response surface quadratic model of 

R2. ANOVA was suitable to be used to determine the significance of the model 

shown in Table 4.9. Smaller p-value than 0.05 (95% confidence level) in this study 

supported the statistical significance of the model terms. Besides, factor B, C, and BD 

less than 0.05 show that the model terms were significant. The value excess 0.1000 

is insignificant for the model. 

 

Table 4.9: ANOVA table for response surface quadratic model of R2 

Source Sum of 

Squares 

df Mean 

Square 

F 

Value 

p-value 

Prob > F 

Model 3210.03 6 535.01 17.39 < 0.0001* 

A-NaOH dosage 0.15 1 0.15 4.918E-003 0.9452 

B-Contact time 353.07 1 353.07 11.48 0.0049 

C-gram 2533.83 1 2533.83 82.37 < 0.0001* 

AB 6.16 1 6.16 0.20 0.6619 

AC 107.31 1 107.31 3.49 0.0845 

BC 209.51 1 209.51 6.81 0.0216 

Lack of Fit 387.72 8 48.47 19.93 0.0022* 

           * represents that the value is significant 

 

Table 4.9 presented 17.39 F-value and less than 0.0001 p-values which 

means there was less than 0.01% chance for large F-value to noise. From the table, 

factor C (gram) has the largest F value which is 82.37 indicated this was the most 

vital factor in this model. 
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4.9        Predicted Values versus Actual Values of R2 

 

Table 4.10 represented the results for actual values, predicted values and 

standard error of coconut hull. Based on Table 4.10,  the most outstanding 

percentage of lignin removal was 63.60% with the optimum condition of 10 M of 

NaOH concentration, 12 hours of contact time, and  0.5 g of sample weight In the 

actual value whereas the predicted value, 56.26% lignin removal were slightly differ 

from the actual value. 
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Table 4.10: Results for actual values, predicted values of R2. 

Run 

Order 

Coded Factors Lignin removal (%) 

A (NaOH 

concentration) 

B (Contact 

time) 

C (Weight 

of sample) 

Actual 

Value 

Predicted 

Value 

1 0 0 0 19.96 24.87 

2 0 0 0 20.91 24.87 

3 0 0 -1 47.8 40.78 

4 -1 1 -1 44.4 47.43 

5 -1 1 1 19.54 12.68 

6 0 0 0 20.69 24.87 

7 1 -1 1 11.16 3.46 

8 0 0 0 23.82 24.87 

9 0 0 0 23.31 24.87 

10 0 -1 0 21.75 18.92 

11 -1 0 0 24.91 24.99 

12 1 -1 -1 30.2 32.39 

13 -1 -1 1 10.12 12.79 

14 1 0 0 16.18 24.74 

15 -1 -1 -1 31 27.06 

16 0 0 1 9.4 8.95 

17 0 0 0 22.44 24.87 

18 1 1 1 7.6 6.86 

19 0 1 0 28.51 30.81 

20 1 1 -1 63.6 56.26 

 

 

Furthermore, Figure 4.10 showed the analysis for the normality of the 

residuals in order to further evaluate the error terms are distributed normally. It can 
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be stated that the residuals descended moderately around and normally distributed to 

the straight line which means that the errors distributed normally. 

 

Apart from that, Figure 4.11 showed the interaction of the predicted and actual 

values of the response of coconut hull lignin removal percentage. It can be stated that 

the residuals descended approximately to the straight which means that the errors 

distributed normally. It defined that the predicted value foreseen by CCD model of the 

Design Expert Software Version 10.0 was sufficiently fitted to the actual experimental 

run value. 

 

 

Figure 4.10: Plot of normal % probability versus residual error of lignin removal (R2). 
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Figure 4.11: Diagnostic plot for predicted versus actual values of lignin removal (R2). 

 

4.9.1     Effect of NaOH Concentration and Contact Time on Lignin Removal (R2) 

 

 Figure 4.12 (a) and 4.12 (b) demonstrated the interactive response of the 

NaOH concentration (M) and contact time (hours) on lignin removal (%) where the 

sample weight was maintained constant at 2.75 g. This design point also displays 

from blue zone to red zone which the red zone act as the optimum response value of 

63.6%. The figures displayed the coconut hull lignin removal percentage increase 

gradually along the increase of contact time (hours) from 1 hour to 6.5 hours and 

NaOH concentration (M) remain constant at 1 M respectively. This means that NaOH 

concentration possessess less significant on lignin removal percentage if it interacted 

with the contact time. This is also due to in long contact time at 6.5 hours the lignin 

removal had reach equilibrium even in the lowest NaOH concentration in this study. 

Hence, further increases more than 1 M NaOH concentration do not response to the 

increase in lignin removal percentage.  

Design-Expert?Software
lignin CH

Color points by value of
lignin CH:

63.6

7.6

Actual

Pr
ed

ict
ed

Predicted vs. Actual

0

10

20

30

40

50

60

70

0 10 20 30 40 50 60 70

FY
P 

FI
AT



 
 

 
55 

 

Saha et al. (2010) reported that longer contact time allows the stubborn lignin 

boundary layer of the sample to degrade which allow high coconut lignin removal 

percentage. The maximum rice hull lignin removal percentage for both NaOH 

concentration (M) and contact time (hours) interaction effect was 24.91% at the 

optimum condition of 1 M NaOH concentration and 6.5 hours contact time with 2.75 g 

constant weight of the sample. 

 

 

Figure 4.12: (a) 3D response surface graph of the interaction effect of NaOH  

          concentration (M) and contact time (hours) on lignin removal (%). 
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Figure 4.12: (b) 2D contour plot of the interaction effect of NaOH concentration (M)  

          and contact time (hours) on lignin removal (%). 

 

4.9.2    Effect of NaOH Concentration and Weight of Sample on Lignin Removal              

vvvvvvv(R2) 

 

 Figure 4.13 (a) and 4.13 (b) demonstrated the interactive response of the 

NaOH concentration (M) and weight of the sample (g) on lignin removal (%) where 

the contact time was maintained constant at 6.5 hours. The figures displayed the 

coconut hull lignin removal percentage increase gradually along the increase of 

NaOH concentration (M) from 1 M to 5.5 M and sample weight remain constant at 0.5 

g respectively. This means that sample weight possess less significant on lignin 

removal percentage if it interacted with NaOH concentration. Further increase of 

sample weight above 0.5 g failed to promote higher lignin removal percentage as this 

may due to NaOH cause the negative effect on the coconut hull binding site which 

prevents further lignin removal to happened. The maximum rice hull lignin removal 
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percentage for both NaOH concentration (M) and weight of sample (g) interaction 

effect was 47.80% at the optimum condition of 5.5 M NaOH concentration and 0.5 g 

weight of sample with constant 6.5 hours contact time. 

 

 

Figure 4.13: (a) 3D response surface graph of the interaction effect of NaOH  

          concentration (M) and sample weight (g) on lignin removal (%). 
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Figure 4.13: (b) 2D contour plot of the interaction effect of NaOH concentration (M)  

         and sample weight (g) on lignin removal (%). 
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 Figure 4.14 (a) and 4.14 (b) demonstrated the interactive response of the 
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hull lignin removal percentage increase gradually along the increase of contact time 

from 1 hour to 6.5 hours and sample weight remain constant as 0.5 g respectively. 

This means that sample weight possess less significant on lignin removal percentage 

if it interacted with contact time. Longer contact time cause ascending in lignin 
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resistance when lignin transfer out from coconut hull to solution (Hameed & Ahmad, 
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6.5 hours contact time and 0.5 g weight of sample with constant 0.5 M NaOH 

concentration. 

 

 

Figure 4.14: (a) 3D response surface graph of the interaction effect of contact time 

        (hours) and sample weight (g) on lignin removal (%). 

 

 

Figure 4.14: (b) 2D contour plot of the interaction effect of contact time (hours) and  

         sample weight (g) on lignin removal (%). 
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4.10      Optimisation of Rice Hull using the Desirability Function of R2 

 

Experimentally, the best optimum values from the variables are 10 M NaOH 

concentration, 12 hours contact time, and 0.5 g sample weight with 63.6% coconut 

hull lignin removal percentage. On the other hand, based on the Design Expert 

Software Version 10, the predicted coconut hull lignin removal percentage which is 

59.47% under the predicted optimum condition operate under this set of environment 

except for the NaOH concentration of 7.42 M with the 0.926 desirability near to 1. 

This indicates NaOH concentration is a significant variable in this coconut lignin 

removal. 

  

Figure 4.15 (a) and 4.15 (b) demonstrated the interactive response of the 

NaOH concentration (M) and contact time (hours) on lignin removal (%) with 0.5 g 

weight of sample remain constant. Figure 4.15 (a) which is a 3D response surface 

graph demonstrated the optimum point of the lignin removal lied near to the 

desirability of 1.0. Figure 4.15 (b) which is a 2D response surface graph 

demonstrated the desirability extended from blue colour to the red colour as the 

range of desirability increase from zero to one. The highest value of desirability 

represented by red colour is more than 0.9 desirability is approximate to 1. 
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Figure 4.15: (a) 3D response surface graph of the interaction effect of NaOH  

          concentration (M) and contact time (hours) on lignin removal (%). 

 

 

Figure 4.15: (b) 2D contour plot of the interaction effect of NaOH concentration (M)  

         and contact time (hours) on lignin removal (%). 
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4.11      Physical Characteristic by FTIR Spectra Analysis 

 

 The FTIR result confirmed the bond structure of certain functional groups 

(hemicellulose, cellulose, and lignin) in rice hull and coconut hull which were removed 

and changed due to the alkaline pretreatment. The functional group existed at the 

peak between the frequencies was observed. Table 4.11 showed the FTIR 

absorbance of typical lignin component in biomass. Among the functional group, the 

significance chemical functional group to determine the accuracy of the lignin 

existence were hydroxyl (-OH), methoxyl (O-CH3), carboxyl (-COOH), and carbonyl 

(C=O) groups (Gosseling et al., 2004; Shamsuri & Abdullah, 2010). Mansouri and 

Salvad ó (2007) mentioned that the lignin functional group include phenolic and 

aliphatic hydroxyl, carbonyl, methoxyl, carboxyl and sulfonate groups. Chemical 

pretreatment able to minimise the content (hemicellulose, lignin, and cellulose) in rice 

hull so that the specific area of the surface on rice hull can be improved (Daffalla et 

al., 2010).  

 

 Table 4.12 showed the FTIR spectra identification of the untreated rice hull 

and Figure 4.16 showed FTIR spectra identification of the treated rice hull. Pretreated 

rice hull showed absorption peak decrease after pretreatment process from standard 

untreated rice hull, 3403.31 cm-1 to around 3334.06 cm-1 indicated the presence of 

stretched -OH group and the amine group in pretreated rice hull. This means there 

was the reaction of NaOH with either phenolic or aliphatic functional group in the fiber 

that enhances free hydroxyl that produces free hydroxyl bond structure.  

 

The stretching of C=C vibration of 1632.49 cm-1 indicates alkenes and 

aromatic functional groups. The peak in 475.10 cm-1 showed the presence of -Si-H 

group. The peak in 1026.49 cm-1 indicates the presence of C=O ester group, a C-O 

ether group, and an alkyl halide group. Hinterstoisser et al. (2001) and Xu et al. (2013) 
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agreed that among 1100 cm-1 to 1000 cm-1 there was glycosides linkage in a C-O 

stretching bond structure in the functional group which this linkage can be found in 

the lignin. The peak around 456.48 cm-1, 447.76 cm-1, 438.38 cm-1, 429.08 cm-1, 

418.10 cm-1, and 409.75 cm-1 showed the presence of -OCH3 which have lower 

wavelength than untreated rice hull (580 cm-1) which could be found in the lignin 

(Ralph et al., 1992). 

 

Table 4.11: FTIR absorbance of typical lignin component in biomass (Sills & Gossett,  

        2012; Xu, 2016). 

Wavenumber (cm-1) Functional group Component 

1035 C-O, C=C, and C-C-O stretching Cellulose, hemicellulose, lignin 

1215 C-C+C-O stretching Lignin 

1270 Aromatic ring vibration Guaicyl lignin 

1327 C-O stretching of syringyl ring Lignin 

1335 C-H vibration, O-H in-plane 

bending 

Cellulose, hemicellulose, lignin 

1380 C-H bending Cellulose, hemicellulose, lignin 

1425 C-H in-plane deformation Lignin 

1440 O-H in-plane bending Cellulose, hemicellulose, lignin 

1465 C-H deformation Lignin 

1500 Aromatic ring vibration Lignin 

1595 Aromatic ring vibration +C=O 

stretching 

Lignin 

1682 C=O stretching (unconjugated) Lignin 

2840,2937 C-H stretching Lignin 

3421 O-H stretching Lignin  
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Table 4.12: FTIR spectra identification of the untreated rice hull (Daffalla et al., 2010). 

Wavelength Number (cm-1) Functional Group 

3403.31 -OH and Si-OH 

2925.81 C-H stretching of alkanes 

1641.31-1737.74 C=O stretching of aromatic groups 

1546.8-1652.88 C=C stretching of alkenes and aromatic 

1461.94 CH2 and CH3 

1379.01 Aromatic CH and carboxyl-carbonate 

1238.21 CHOH stretching of alcohol group 

1153.35-1300 CO group in lactones 

1080-1090 Si-O-Si 

935.41 C-C 

469-800 Si-H 

580-34 -OCH3 

 

 

Figure 4.16: FTIR spectra identification of the treated rice hull. 
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Table 4.13 showed the FTIR spectra identification of the untreated coconut 

hull and Figure 4.17 showed the FTIR spectra identification of the treated coconut 

hull. The peak around 3630 cm-1 to 2980 cm-1 for untreated coconut hull were 

reduced to 3288.61 cm-1 in treated coconut hull indicates the presence of alcohol OH 

stretching were undergo bond structure break down after pretreatment thus there was 

carbohydrate from hemicellulose and cellulose (Ramadevi et al., 2012). The C-H 

stretching vibration peak at 2900 cm-1 for untreated coconut hull to around 2922.47 

cm-1 for treated coconut hull confirmed the alkane (cellulose and lignin) functional 

group emerged. The peak around C-H stretching region suggested the presence of 

methyl (CH3), methylene (CH2), as well as aliphatic saturated (CH) functional group 

(Khalil et al., 2013).  

 

The untreated coconut hull peak at 1700 cm-1 reduced to the treated coconut 

hull of C=O stretching vibration around 1605.74 cm-1 indicate the presence of 

carbonyl group with stretching of an ester linkage between carboxylic groups of lignin 

and hemicellulose. This decrease indicates the partly eradication of lignin and 

hemicellulose in this effective pretreatment process. The peak around 1412.70 cm-1 

indicates the presence of C=C stretching aromatic functional group and a -C-H 

bending bond from alkane functional group which consist of cellulose, hemicellulose, 

and lignin.  The peak at 1015.19 cm-1 C-F alkyl halide group and C-O ether group 

indicates the presence of glycosides linkage functional group in lignin structure 

(Hinterstoisser et al., 2001). The peak around 525.74 cm-1 and 479.85cm-1 indicates 

the presence of Si-H group.  
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Table 4.13: FTIR spectra identification of the untreated coconut hull (Torres et al.,  

        1992). 

Wavelength Number (cm-1) Functional Group 

3630-2980 -OH stretching vibration 

2900 C-H stretching vibration 

1690 C=O stretching vibration 

1600, 1500, 1440 Aromatic ring 

1370 C-H wagging vibration 

1260 Aromatic ring guaiacyl unit stretching vibration 

1210 C-O stretching vibration 

1110 C-O-C stretching vibration 

1020 C-O wagging vibration 

 

 

Figure 4.17: FTIR spectra identification of the treated coconut hull. 
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4.12      Comparison of Different Types of Alkali Solution in Alkali Pretreatment  

 

Table 4.14 showed results for lignin removal of different alkali solution in R1 

(rice hull removal) and Table 4.15 showed results for lignin removal of different alkali 

solution in R2 (coconut hull removal). Both Table 4.14 and Table 4.15 showed that 

NaOH solution was the optimum alkali solution to used in this lignin removal 

pretreatment among KOH and Ca (OH)2 as the lignin removal percentage in rice hull 

using NaOH is 33.2%, KOH is 31.8%, and Ca(OH)2 is 20.2% while in coconut hull 

lignin removal percentage using NaOH is 63.6%, KOH is 58.6%, and Ca(OH)2 is 

25.8%. 

 

According to Cheng et al. (2010), Ca (OH)2 is less preferable compared 

NaOH as it needs more water during the pretreatment and performed poorly in 

pretreatment process to remove lignin. Chang et al. (2017) supported that compared 

to NaOH, Ca (OH)2 was less preferable due to it lignin recovered is less easily at 

room temperature.  Among the hydroxyl reagent such as potassium, calcium, as well 

as the ammonium salt, NaOH solution was the most effective mild-alkali in alkali 

pretreatment (Kumar & Wyman, 2009). 
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Table 4.14: Results for lignin removal of different alkali solution in R1. 

Types of alkali 

solution 

Alkali 

concentration 

(M) 

Contact 

time (h) 

Sample 

weight (g) 

Lignin removal in 

rice hull (%) 

NaOH 10 1 0.5 33.2 

KOH 10 1 0.5 31.8 

Ca(OH)2 10 1 0.5 20.2 

 

Table 4.15: Results for lignin removal of different alkali solution in R2. 

Types of alkali 

solution 

Alkali 

concentration 

(M) 

Contact 

time (h) 

Sample 

weight (g) 

Lignin removal in 

coconut hull (%) 

NaOH 10 12 0.5 63.6 

KOH 10 12 0.5 58.6 

Ca(OH)2 10 12 0.5 25.8 
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CHAPTER 5 

 

CONCLUSION AND RECOMMENDATIONS 

 

 

5.1        Conclusion 

 

 Rice hull and coconut hull were served as a functional low cost and high 

accessibility alternative feed after being pretreated using NaOH pretreatment. This 

study revealed rice hull and coconut hull from agricultural waste showed high 

performance for lignin removal of rice hull and coconut hull from alkali solution. 

 

 The lignin contained in rice hull and coconut hull was investigated by the 

application of experimental design known as response surface methodology (RSM) 

with the help of two level three factor full factorial central composite design (CCD).  

The fitness of the model was confirmed using correlation coefficient R2 which were 

0.8863 for rice hull lignin removal and 0.8892 for coconut hull lignin removal. 

 

 The lignin removal from solution show preferences when increasing the NaOH 

concentration where more adsorption site provided for adsorbate to bind. The lignin 

removal from solution also favours increase of the contact time which allows all the 

adsorption process completed. The lignin removal from the solution also prefers low 

amount of sample weight so that more absorption chances were provided but not be 

shielded. 

 

 For rice hull lignin removal percentage, the result showed that the quadratic 

model affects the removal the most while for the coconut hull lignin removal 

percentage, the linear and 2FI model showed better lignin removal. The individual 
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effect of factor A and B, as well as interaction effect of factor BC more significant for 

percentage of lignin removal in rice hull while Individual effect of factor B as well as 

interaction effect of factor AB more significant for the percentage of lignin removal in 

coconut hull. 

 

 Based on the experimental data, the optimum percentage of rice hull lignin 

removal was 33.2% under optimum conditions of 10 M of NaOH concentration, 1 

hour of contact time, and 0.5 g sample weight. For the coconut lignin removal the 

percentage was 63.6% under optimum conditions of 10 M of NaOH concentration, 12 

hours of contact time, and 0.5 g sample weight. 

 

 Based on the predicted model generated by Design Expert Software Version 

10.0, the optimum percentage of rice hull lignin removal was 32.45% under optimum 

conditions of 10 M of NaOH concentration, 1 hour of contact time, and 0.5 g sample 

weight. For the coconut lignin removal was 56.26% under optimum conditions of 10 

M of NaOH concentration, 12 hours of contact time, and 0.5 g sample weight. Thus, 

the optimum condition suggested by the predicted model is as same as the optimum 

condition in experimental data. 

 

 In conclusion, the rice hull and coconut hull could be considered as the 

alternative ruminant feed materials after lignin removal by pretreatment using NaOH 

solution. 

 

5.2        Recommendation 

 

 Extensive studies could be implemented for thorough the understanding the 

adsorption mechanism and rice hull as well as coconut hull effectiveness. Scanning 

Electron Microscope (SEM) able to scans the electrons beam gives the surface 
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morphological image of the rice hull and coconut hull. The untreated rice and coconut 

hull should also be tested through FTIR in order to compare with the treated results 

more specifically. Next, every run in the experiment should be triplicate in order to get 

the average value as well as to minimise the experimental error. 

 

  Besides, other pretreatment style could be applied for instance different 

mechanical pretreatment (milling and ultrasound), chemical pretreatment (liquid hot 

water, weak acid hydrolysis, alkaline hydrolysis, organosolv, oxidative delignification, 

and room temperature ionic liquid), combined chemical and mechanical pretreatment 

(steam explosion, ammonia fibre explosion, CO2 explosion), and biological pre-

treatment worth to be tried. 

 

 Other parameters for instance effect of temperature, sample size, as well as 

pH towards efficiency of lignin removal can be investigated. Other agricultural waste 

like banana stem, coconut front, coconut trunk, pineapple crown can be studied 

instead of rice hull and coconut hull. 

 

 In order to reduce the error obtained in the study, it is important to have 

standard sample size before conducting the experiment. The inconsistent size of the 

sample can be cut and blend into the standard size. This may ensure the hot plate to 

agitation smoothly with constant speeds without the barrier to stop the agitation 

process throughout the experimental process.   
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APPENDIX A 

 

A. 1 Preparation of different concentration of NaOH solution. 

Solution 1: Preparation of 1 M NaOH solution: 

Mass (g) = Concentration (mol/L) ×Volume (L) × Formula Weight (g/mol) 

 = 1 mol/L × 0.1 L × 40.00 g/mol 

 = 4 g 

Hence, using 4 g of NaOH solution diluted up to 100 mL to produce 1 M NaOH 

solution. 

 

Solution 2: Preparation of 5 M NaOH solution: 

Mass (g) = Concentration (mol/L) ×Volume (L) × Formula Weight (g/mol) 

    = 5 mol/L × 0.1 L × 40.00 g/mol 

    = 20 g 

Hence, using 20 g of NaOH solution diluted up to 100 mL to produce 5 M NaOH 

solution. 
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Solution 3: Preparation of 10 M NaOH solution: 

Mass (g) = Concentration (mol/L) ×Volume (L) × Formula Weight (g/mol) 

    = 10 mol/L × 0.1 L × 40.00 g/mol 

    = 40 g 

Hence, using 40 g of NaOH solution diluted up to 100 mL to produce 10 M NaOH 

solution. 

 

Solution 4: Preparation of 10 M KOH solution: 

Mass (g) = Concentration (mol/L) ×Volume (L) × Formula Weight (g/mol) 

    = 10 mol/L × 0.1 L × 56.12 g/mol 

    = 56.12 g 

Hence, using 56.12 g of NaOH solution diluted up to 100 mL to produce 10 M NaOH 

solution. 

 

Solution 5: Preparation of 10 M Ca (OH)2 solution: 

Mass (g) = Concentration (mol/L) ×Volume (L) × Formula Weight (g/mol) 

    = 10 mol/L × 0.1 L × 47.10 g/mol 

    = 47.10 g 

Hence, using 47.10 g of NaOH solution diluted up to 100 mL to produce 10 M NaOH 

solution. 
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APPENDIX B 

 

Figure B.1: Raw rice hull before pretreatment. 

 

 

Figure B.2: Rice hull after pretreatment. 
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Figure B.3: Raw coconut hull before pretreatment. 

 

 

Figure B.4: Coconut hull after pretreatment. 
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