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ABSTRACT 

The large amount of sago pith waste (SPW) produced by the growing sago industry has 

become an environmental concern. Instead of being disposed of, SPW could be converted to 

hydrogel and used for water hydration. In this study, the hydrogel was prepared from SPW 

cellulose fibers via crosslinking with epichlorohydrin (ECH). FTIR characterization showed 

that pure cellulose fibers extracted from the SPW were successfully crosslinked with ECH 

to form the hydrogel. SEM micrograph of hydrogel showed porous microstructure. The 

optimum swelling ratio of the hydrogel at 19.9 g. g−1 was obtained with 5% SPW cellulose 

content and 5 mL ECH. In this study, the hydration property of the hydrogel was 

demonstrated by using it as a medium for maize seed germination. The germination rate 

(GR) was above 70% when tested in SPW cellulose hydrogel as the medium for the treatment 

which consisted of 5 g of water and 0.05g of dried hydrogel had shown GR exceeded the 

control to 100%. The ammonium nitrate release profile of the SPW cellulose hydrogel has 

demonstrated the intensive release for the first 10 minutes and wavered until the end of the 

experiment time. Overall, it is concluded that cellulose obtained from local SPW can be 

synthesized into hydrogel which can be used as growing medium for germinating seeds.  

Keywords: Sago pith waste, cellulose, hydrogel, swelling ratio, seed germination rate 
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Sintesis dan Pencirian Hydrogel Superabsorben untuk Aplikasi Pertanian 

ABSTRAK 

Jumlah besar sisa empulur hampas sagu (SPW) dihasilkan oleh industri sagu yang semakin 

meningkat telah menjadi kebimbangan alam sekitar. SPW boleh ditukar kepada hidrogel 

dan digunakan sebagai medium untuk percambahan benih. Dalam kajian ini, hidrogel telah 

disediakan daripada gentian selulosa SPW melalui silang dengan epichlorohydrin (ECH). 

Pencirian FTIR menunjukkan bahawa serat selulosa tulen diekstrak daripada SPW telah 

berjaya dipaut silang dengan ECH untuk membentuk hidrogel. Mikrograf SEM hidrogel 

telah menunjukkan mikrostruktur berliang. Nisbah pembengkakan optimum hidrogel di 19.9 

𝑔. 𝑔−1 telah diperolehi pada 5 (wt /v%) kandungan selulosa SPW dan 5 mL ECH. Dalam 

kajian ini, sifat penghidratan hydrogel telah ditunjukkan dengan menggunakannya sebagai 

medium untuk percambahan benih jagung. Kadar percambahan (GR) adalah melebihi 70% 

apabila SPW selulosa hidrogel diuji sebagai medium. Rawatan yang terdiri daripada 5 g 

air dan 0.05 g hidrogel kering telah menunjukkan GR melebihi kawalan sebanyak 100%. 

Profil pelepasan ammonium nitrat hidrogel selulosa SPW telah menunjukkan pelepasan 

intensif selama 10 minit pertama dan tidak stabil hingga akhir masa percubaan. 

Kata kunci: Hampas sagu, hydrogel, nisbah pembengkakan, selulosa, ujian percambahan 

benih 
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CHAPTER 1  

INTRODUCTION 

1.1 Study Background 

Cellulose is a renewable material obtained from lignocellulosic biomass (Maepa et 

al., 2015; Schurz, 1999). It is abundantly available. Therefore, it is a prime source of natural 

polymers (Soni et al., 2015). Its potential also lies in its characteristics. Cellulose is 

hydrophobic, non-toxic, and has good mechanical properties (Klemm et al., 2021). Another 

characteristic of cellulose is that it is insoluble in water and other typical organic solvents 

(Li et al., 2018). Therefore, the isolation of cellulose is customary before its utilization.  

These characteristics of cellulose have allowed its wide utilization. Among them is 

the hydrogel preparation (Habib et al., 2018; Teow et al., 2018; Wang et al., 2020). Cellulose 

is used to make hydrogel because it has many hydroxyl groups available (Klemm et al., 

2021). With these available hydroxyl groups, the formation of hydrogel with various 

properties and structures can be promoted. Typically, the hydrogels are prepared through the 

crosslink of chemicals from cellulose derivatives which dissolves in water (Liu et al., 2017; 

Wang et al., 2019). Hydrogel in general absorbs a great amount of water, saline, or 

physiological solutions (Chang et al., 2010). It can remain water up until 1000 times of its 

weight (Alam et al., 2019). Their notable properties are outstanding hydrophilic properties, 

high swelling ratio, and high compatibility. The compatibility is even more promising with 

natural polymers (Amiri et al., 2021; Sun et al., 2020). Studies of cellulose hydrogel have 

recently demonstrated that it has the greatest potential for being applied in the agricultural 

sector. This is due to its ability to absorb water within a short duration. Not only that, but it 

is also able to desorb previously absorbed water when under stress (Vundavalli et al., 2015). 
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Even though its swells and absorbs that amount of water, the hydrogel will conserve its 

physical structure (Mahdavinia et al., 2004). Thus, it is proposed that the absorbed water can 

be made accessible for plants (Woodhouse & Johnson, 1991). Previous studies on hydrogels 

in agriculture has demonstrated its usage for water retention properties in soil (Abdallah, 

2019; Cheng et al., 2018; Saruchi et al., 2019; Chen & Chen, 2019). This is appropriate as 

agricultures are the main consumers for fresh water, at about 70% (FAO, 2017). Exact 

irrigation systems can benefit agriculture industries as a way to use water efficiently. 

Therefore, the industries can survive in the increasing demand for fresh water. Not only that, 

certain areas lacking with water too may persists through the application of hydrogel in their 

agriculture activities. Apart from that, hydrogels are used in agriculture as agro-chemicals 

releaser (Gonçalves et al., 2016). By this, hydrogel has helped plants to obtain the exact 

supply of nutrients. Excessive nutrients and subsequent wastage and pollutions were 

avoided.  

Cellulose is mainly sourced from woods. However, it is also available as cellulose-

containing materials in agricultural residues, water plants, grasses, and other plants 

substances (Heinze, 2018). Such example of agricultural residue is sago pith waste (SPW). 

SPW is a solid residue of sago palm (Metroxylon sagu). It is the fibrous materials left during 

the crushing and sieving of the sago starch processing industry (Awg-Adeni et al., 2010). 

The major contents of sago hampas are starch and lignocellulosic materials. By right, it 

contained cellulose, hemicelluloses, and lignin. The cellulose portion of sago hampas 

consisted of 89% glucose and little amount of other sugars (Sun et al., 1999).  

As SPW is available locally, it is apt, therefore, to use it to synthesize hydrogel. It 

will be a cellulose-based hydrogel. The usage of SPW has been considered due to its 
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cellulose and lignin contents into various usages (Beh et al., 2020; bin Mohamed Rashid et 

al., 2018; Thangavelu et al., 2019; Zailan et al., 2020). The usage of sago hampas to 

synthesise hydrogel is fitting because it is biomass. It will provide a more sustainable and 

renewable study. 

In this study, a cellulose-based hydrogel was prepared from cellulose fibres isolated 

from SPW with epichlorohydrin (ECH) being used as the crosslinker. The SPW cellulose 

was selected as the precursor material for hydrogel preparation as it is abundant and cheap, 

biocompatible, and non-toxic (Miyamoto et al., 2014). Cross-linking of cellulose is 

necessary in order to enhance the non-solubility, mechanical strength, and rigidity of 

hydrogel (Akhtar et al., 2016). The SPW cellulose-based hydrogel was then being evaluated 

as the potential medium for seed germination. For optimization, this SPW cellulose-based 

hydrogel was prepared with addition polyvinyl alcohol (PVA) too. Previous studies have 

shown that PVA acted as a supporting polymer for gelation (El-Naggar et al., 2017) and 

improved the swelling property of hydrogel (Chin et al., 2019).   

1.2 Problem Statement  

Malaysia produces 168 million tonnes of biomass yearly (Goh, 2018). The sago 

industry, for instance, has exported approximately 47,000 million tonnes of refined sago 

starch monthly in 2015 alone (Jong, 2018). As the sago industry is involved in the processing 

of sago starch, an abundant amount of industrial wastes in the form of effluent and 

wastewater are being produced and released to the nearby areas, leading to environmental 

pollution. For instance, the percolation of wastes towards the soil and water streams could 

occur and cause the environmental pollution. Therefore, the utilization of biomass waste is 

essential for the industry to be sustainable without harming the environment. Over sufficient 
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of SPW became a problem in this state because the lack of value-added utilization of it will 

encourage disposal of waste material to the environment in at multiple levels through 

incineration and landfilling.  

Therefore, it is necessary to utilize this available abundant SPW into useful materials 

that will resolve the waste management problem of sago industries. In this study, a cellulose-

based hydrogel was prepared from cellulose fibres isolated from SPW to hydrate medium 

seed germination in order to prevent pollution and at the same time creating a commercial 

use of SPW. Apart from hydration, this hydrogel provides a medium of nutrient through its 

loading and release of fertilizer in an attempt to provide an agricultural application from an 

excess material, so-called waste that is SPW. 

1.3 Objectives 

The main objective of this study was to synthesize cellulose-based hydrogel from 

sago pith waste for agricultural applications. This was achieved through the following set of 

objectives: 

i. To synthesize and characterize the hydrogel from agricultural wastes which is sago 

pith; 

ii. To study the effects of hydrogel on the seed germination rate of maize seeds; and 

iii. To study the effects of hydrogel on the release of the fertilizer. 
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1.4 Chapter Summary 

This chapter introduces the research area and highlights the need for hydrogel 

synthesis from cellulose obtained from sago pith waste. This is followed by the problem 

statements and research objectives. 
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CHAPTER 2  

LITERATURE REVIEW 

2.1 Biomass 

Biomass is an organic material source from plants or animals. It is renewable source 

of energy as it contained energy from the sun (EIA, 2018). The plants especially, absorbs 

the sun’s energy through photosynthesis. It is a material that is used as a raw substance for 

the formation of products. Biomass is desirable as it promotes green technology.  Examples 

are liquid fuel that encourage carbon neutrality (Knez et al., 2018). Not to mentioned it is 

readily available in every country. Before usage, biomass is usually converted into a multi-

step process from its raw materials. Its final form can be used in energy application and 

chemical productions. Examples are food additives, pharmaceuticals, and fertilizers (Collard 

& Blin, 2014).  

Through consumption by burning, the chemical energy of biomass is released as heat. 

This process includes gasification, pyrolysis and combustion (Collard & Blin, 2014). 

Pyrolysis involves thermal decomposition with the absence of oxygen which will release 

volatile compounds. This then left a liquid substance called oil tar and solid product called 

char. This char has high energy density and calorific value (García et al., 2012). This in turn 

enable biomass to be used as fuels replacing fossil fuels (Braza & Crnkovic, 2014). It is more 

preferable as it does not increase the carbon dioxide (CO2) level in the atmosphere. This is 

so because the amount it releases does not exceed the amount during its photosynthesis. 

Therefore, the net production of CO2 for biomass is always balanced (Cho, 2016). Biomass 

is also considered renewable as it is able to regenerate in a short amount of time.  
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2.2 Lignocellulosic Biomass 

Lignocellulosic biomass is plant dry matter. It is the most abundant type of 

biopolymer in nature. It is sourced out from agricultural residues and forest residues, as well 

as energy crops, food wastes, municipal and industrial wastes. Agricultural residues that are 

familiarly supplied are palm trunk, empty fruit bunch, corncobs, wheat straw, sugarcane 

bagasse, and corn stover (Gao et al., 2015; Mourtzinis et al., 2014; Palamae et al., 2017; 

Salleh et al., 2018; Zhang et al., 2015). For forest residues, it yields lignocellulosic biomass 

from hardwood and softwood. Meanwhile, energy crops, for example switchgrass, made 

lignocellulosic biomass available after energy production. Food wastes provide 

lignocellulosic biomass from loss during different stages of producing, processing, retailing 

and consuming. As for municipal wastes, lignocellulosic biomass is derived from the organic 

wastes discarded by the public.  Finally, for industrial wastes, it is mainly contributed by 

waste paper and demolition wood (Lee et al., 2014; Safarian & Unnthorsson, 2018). 

 Lignocellulosic biomass composition is affected by their type, locality, climatic 

conditions and the soil it grows (Singh et al., 2017). Generally, it contains cellulose, 

hemicelluloses and lignin. Hemicellulose is a heavily branched heteropolymer structure. It 

is made of pentose and hexose sugars and sugar acids with small the addition of other sugars 

like α-α-L-fucose and L-rhamnose. It is non-crystalline and has a low degree of 

polymerization. Therefore, it can be easily broken down into monosaccharides (Farhat et al., 

2017). Lignin is a complex three-dimensional cross-linked polymer of aromatic alcohols. It 

is known to support the structural rigidity of vascular plants together with cellulose and 

hemicellulose. It is made up of different structural units of phenyl propane such as guaiacyl, 

syringyl, and p-hydroxyphenyl (Zhuang et al., 2016). These are linked together by their 

carbon-carbon bonds. However, lignocellulosic biomass possesses recalcitrance. 
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Recalcitrance is where it opposes degradation and solubilization. It is also opposed to 

enzymes, pathogens and microorganisms. This characteristic is contributed by lignin, 

especially by its attachment to hemicellulose by covalent bonds. Therefore, delignification 

often carried out to plant biomass before usage.   

Pre-treatment is necessary to obtain end products in their useful form. This process 

helps decreases crystallinity and increase the porosity of lignocellulosic biomass. It also 

helps reduces the degree of polymerization of lignocellulosic biomass, degrade present 

hemicellulose and break the lignin sheath (Chen et al., 2017). Thus, making lignocellulosic 

biomass open to further chemical reaction and usage. Apart from that, acid hydrolysis can 

be used as pre-treatment. Acid hydrolysis is a treatment targeting hemicellulose as 

hemicellulosic fractions are easier to hydrolyzed than cellulose. Different types of treatment 

can be conducted to isolate cellulose such as mechanical treatment, pre-treatment and post-

treatment (Ummartyotin & Manuspiya, 2015). Among those, pre-treatment is the most 

preferable process to isolate cellulose and improve cellulose availability by removing all 

non-cellulosic constituents of the plant fibres (C.S. et al., 2016). Isolated cellulose is then 

dissolved and regenerated by using appropriate solvent systems.  

2.3 Cellulose 

Cellulose is a macromolecular polysaccharide renewable material obtained from 

lignocellulosic biomass (Maepa et al., 2015). As it is abundantly available, it becomes the 

prime source of natural polymers (Soni et al., 2015). Its structure is linear and semi-flexible. 

The linear structure is contributed by long chain of glucose units linked by β−1,4 −

glycosidic bonds (Kumar & Sharma, 2017; Wang et al., 2017). It is also self-organized in 

cystalline and non-crystalline phases (Budtova & Navard, 2016). Its chemical formula is 
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written as (C6H10O5)n, where n is the degree of polymerization (DP). Cellulose 

macromolecules assemblages formed tough microfibers that act as the skeleton material for 

plant cell wall. Its insides are loaded with amorphous hemicellulose and lignin linking 

material. For cellulose, it connects with hemicellulose or lignin molecules through a 

hydrogen bond. Meanwhile, hemicellulose and lignin connect through covalent bonds. The 

presence of numerous hydroxyl in its structure made cellulose hydrophilic as it forms a 

hydrogen bond with water. However, the long chain of microfibrils that extensively bonded 

with each other  made it insoluble, and thus hydrophobic towards the water. The available 

hydroxyl groups also make cellulose reactive for modifications. Until recently, esterification, 

etherification, grafting and crosslinking has been done to hydroxyl groups in its backbone. 

The final form is those of chemicals, fibers, composites, films, and biofuels (Jedvert & 

Heinze, 2017). 

2.3.1 Application of cellulose 

Due to its extensive properties and potential, cellulose is being transformed to other 

forms and products and being applied in various fields. Among they are cellulose derivatives. 

Examples of cellulose derivatives are cellulose ether derivatives and cellulose ester 

derivatives. Cellulose ester derivatives, for example cellulose acetate (CA) involves the 

acetylation of the extracted cellulose. Meanwhile, another derivatives 

carboxymethylcellulose (CMC) contains both carboxyl and hydroxyl groups, which is made 

through the reaction of alkali cellulose with sodium monochloroacetate (Benhalima et al., 

2017). CA has great electrical conductivity. Therefore, it is perfect to be electrospun as 

nanofibers. Its cellulose nanofibers application has been demonstrated in the biomedical 

field. It is applied for wound healing and treatment of melanoma (Ahn et al., 2018; Alizadeh 

et al., 2018; Shefa et al., 2017). Other cellulose derivatives such as hydroxypropyl cellulose 
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(HPC), methyl cellulose, and carboxymethylcellulose (CMC) were used to make cellulose-

based hydrogels and hydrogels. These materials also can be made from native cellulose. 

Cellulose aerogels are highly porous materials with low density. It also has a high surface 

area (Zaman et al., 2020). For cellulose aerogels, it has been applied for energy storage, 

sensors, for supercapacitor  electrodes among others (Feng et al., 2016; Han et al., 2019; 

Yang et al., 2016; Yang et al., 2018). Meanwhile, cellulose hydrogel are three-dimensional 

cellulose-based networks that absorb and retain large amount of water. It is used widely in 

biomedical field as artificial tissue, wound dresser and drug delivery (Kumar & Han, 2017). 

More variously, it too can be used as surface coatings and lubrication. As hydrogel is made 

from biomass, it is environmentally friendly to be used as the end product. Thus, its potential 

in agriculture was manifested. It is applied as alternatives to water irrigation, a medium for 

the slow release of fertilizers (Li et al., 2016; Mohammadi-Khoo et al., 2016; Zhang et al., 

2017a). 

Besides that, cellulose membranes, thin films, composites are also the result of 

cellulose application (Douglass et al., 2018). Composite is a heterogenous mixture that 

constitutes two or more distinct microscopic components with significantly different 

physical and or chemical properties. It is made by having a homogenous matrix component 

reinforced by other constituents with strength properties. By that, cellulose is used as 

reinforcement, which is made possible by the presence of its rigid matrix having both 

amorphous and crystalline properties (Gopi et al., 2019).      

Apart from that, cellulose is applied as the basis of cellulose nanomaterials. Examples 

of cellulose nanomaterials are cellulose nanocrystals (CNCs) and cellulose nanofibrils 

(CNFs). CNCs is a structure with needle shape. Its diameter and length in the range of 100-

500nm. Meanwhile, CNFs is flexible fibres with nanoscale order and length within 


