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ABSTRACT 

Nowadays, the efficient utilization of agro-industrial by-products for conversion to a range 

of commercial value-added bio-products, including bio-ethanol, bio-fuels, and bio-material 

has been increased. Sago hampas contains significant amounts of starch (50% - 60%), 

cellulose (20% - 23%), hemicellulose (9.2%) and lignin (3.9%), hence able to be used as a 

substrate for generating reducing sugar. This research project focuses on the recovery of 

glucose from starchy sago hampas and reducing sugar from fibre of destarched sago hampas 

through incorporation of physical pre-treatment and enzymatic hydrolysis. The sago hampas 

was treated with selected physical pre-treatments such as hydrothermal, microwave and 

ultrasound, then subsequently proceed with boiling and enzymatic hydrolysis on starch 

residue for glucose production by using commercial liquefying and saccharifying enzymes. 

The percentage hydrolysis yield of glucose for selected pre-treatments were compared to 

identify the best pre-treatment that can be incorporated with enzymatic hydrolysis to 

maximise the glucose recovery. High Performance Liquid Chromatography was used to 

analyse and measure the concentration of glucose recovered from starch residue in sago 

hampas. Hydrothermal pre-treatment was identified as the best treatment to implement on 

starch residue whereby the percentage of hydrolysis yield was increased by approximately 

6% compared to without pre-treatment. Meanwhile, the microwave and ultrasound pre-

treatment also increased approximately 1.56% and 3.68% of hydrolysis yield respectively. 

The treated and untreated sago hampas were observed under scanning electron microscope 

to show the changes on physical structure of starch granules and cellulosic materials. 

Observations revealed that there was a change in the physical structure of the starch granules 

in which there were a lot of deep holes on the surface, even some of them were ruptured. 

The hydrothermal pre-treatment was chosen to treat the destarched sago hampas and 



v 

 

subsequently hydrolysed through enzymatic hydrolysis by using cellulase and β-glucosidase 

enzymes. The optimum substrate loading, enzyme dosage (beta-glucosidase) and incubation 

time were identified by measuring the optimum concentration of reducing sugar yield and 

percentage of hydrolysis yield. Five percent substrate loading (w/v) of destarched sago 

hampas, 5% (v/w) enzyme dosage of β-glucosidase enzyme and 48 h of incubation time were 

identified as optimum parameter to hydrolyse the treated destarched sago hampas.   

Keyword: Sago hampas, starch, cellulosic materials, physical pre-treatment, enzymatic 

hydrolysis.
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Integrasi Pra-rawatan Fizikal dengan Hidrolisis Enzimatik ke Atas Hampas Sagu untuk 

Memaksimumkan Perolehan Gula Penurun 

 

ABSTRAK 

Pada masa kini, kecekapan penggunaan buangan daripada perindustrian-agro untuk 

penghasilan produk-bio yang mempunyai nilai tambah komersial seperti bio-etanol, bio-

bahan api dan bio-bahan lain semakin meningkat. Hampas sagu mengandungi jumlah kanji 

(50% - 60%), selulosa (20% - 23%), hemiselulosa (9.2%) dan lignin (3.9%), oleh itu sesuai 

dijadikan sebagai substrat untuk penghasilan gula penurun. Projek penyelidikan ini 

menfokuskan kepada perolehan kembali glukosa daripada hampas sagu yang mengandungi 

kanji dan gula penurun daripada sisa serat hampas sagu yang dinyahkanji melalui 

gabungan pra-rawatan fizikal dan hidrolisis enzimatik. Hampas sagu dirawat dengan pra-

rawatan fizikal yang dipilih seperti gelombang mikro, ultrabunyi dan hidroterma, kemudian 

dilanjutkan dengan proses merebus dan hidrolisis oleh enzim ke atas sisa kanji untuk 

penjanaan glukosa dengan menggunakan enzim pencair dan sakarifikasi. Peratusan 

penghasilan glukosa daripada setiap pra-rawatan tersebut dibanding untuk mengenalpasti 

pra-rawatan yang terbaik dan paling cekap untuk memperbaiki dan meningkatkan 

penghasilan glukosa. Alat kromatografi cecair prestasi tinggi digunakan untuk menganalisa 

dan mengukur kepekatan glukosa yang diperoleh semula daripada sisa kanji yang terdapat 

di dalam hampas sagu terbuang. Pra-rawatan hidroterma telah dikenalpasti sebagai 

rawatan terbaik untuk dilaksanakan ke atas sisa kanji di mana peratusan hasil hidrolisis 

meningkat lebih kurang 6% berbanding tanpa pra-rawatan. Sementara itu, peratusan hasil 

hidrolisis pra-rawatan gelombang mikro dan ultrabunyi juga masing-masing meningkat 

lebih kurang 1.56% dan 3.68%. Sebarang perubahan terhadap struktur butiran kanji dan 
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bahan selulosa bagi hampas sagu yang dirawat dan tidak dirawat diperhatikan di bawah 

pengimbas mikroskop elektron. Permukaan butiran kanji yang licin telah berubah menjadi 

kasar dan berlubang, malah sebahagian daripadanya telah pecah. Pra-rawatan hidroterma 

telah dipilih untuk merawat hampas sagu yang dinyahkanji dan kemudiannya dihidrolisis 

melalui proses hidrolisis enzim dengan menggunakan enzim selulase dan β-glucosida. 

Parameter beban substrat, dos enzim (beta-glucosida) dan masa pengeraman dikenalpasti 

dengan mengukur kepekatan gula penurun yang dihasilkan dan peratusan hasil hidrolisis. 

Beban substrat hampas sagu yang dinyahkanji 5% (w/v), dos enzim β-glukosida pada 5% 

(v/w) dan masa pengeraman selama 48 jam telah dikenalpasti sebagai parameter optimum 

untuk proses hidrolisis ke atas hampas sagu yang telah dinyahkanji.  

Kata kunci: Hampas sagu, kanji, bahan selulosa, pra-rawatan fizikal, hidrolisis secara 

enzim.
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Nowadays, lignocellulosic biomass is extensively used as raw material for the 

production of new products such as ethanol, fermentable sugars and others value-added 

compounds. Various recycleable lignocellulosic waste especially agricultural and agro-

industrial waste have received considerable attention because they are cheap, available in 

large quantities and high carbohydrate content (Awg-Adeni et al., 2013; Bujang, 2011; Da 

Cruz, 2012; Karim et al., 2008; Nitsos et al., 2013; Shahrim et al., 2008). 

Sago hampas is considered as starchy lignocellulosic waste generated from sago 

palm pith after extraction of starch which has about 90% of valuable carbohydrate residues. 

The sago hampas contains significant amounts of starch (58%), cellulose (23%), 

hemicellulose (9.2%) and lignin (3.9%) (Linggang et al., 2012). Utilisation of this residue as 

a substrate to generate sugars provides an alternative carbon source for bioethanol 

production as well as to provide solutions for managing the waste at sago mills. There are 

many studies mentioning its applications in production of animal feed, compost (i.e. 

mushroom cultivation), confectioner’s syrup, particleboard, as well as being utilised as a 

substrate for microbes (i.e. during production of reducing sugars and enzymes) (Apun et al., 

2000; Phang et al., 2000; Shahrim et al., 2008).  

A study by Awg-Adeni et al. (2013) revealed the utilisation of only residual starch 

as a substrate for glucose production can achieve about 138.45 g/L which represents almost 

58 % (w/w) of starch composition. This was obtained after three cycles (one hour per cycle) 
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of enzymatic hydrolysis by dextrozyme (5.56 U/ml). The researcher claimed that 93.29% 

conversion yield of glucose for ethanol production was achieved via batch fermentation 

system. This finding shows that sago hampas has high potential to be used as a substrate for 

bioethanol production. 

The lignocellulosic component needs to be hydrolysed into reducing sugars during 

ethanol production. However, most of the lignocellulosic biomass is not accessible to 

enzymes due to the structural properties of biomass itself such as content of lignin, 

crystallinity, acetylated hemicellulose and surface area (Chang & Holtzapple, 2000). 

Hydrolysis of lignocellulosic material without any pre-treatment tends to achieve low 

efficiencies (Thomsen et al., 2008). Thus, alteration of lignocellulosic structures through 

pre-treatment is necessary for generating more accessible surface area (Mosier et al., 2005) 

and subsequently increases the rate of enzymatic hydrolysis primarily on cellulose. 

Structural alterations of lignocelluloses are much determined by types of pre-treatment 

employed and have a significant effect on the enzymatic hydrolysis (Kumar et al., 2009). 

To make sago hampas as a competitive starchy and lignocellulosic substrate for 

bioethanol production, utilisation of both the residual starch together with cellulosic 

component as a substrate for generating glucose and reducing sugars by physical pre-

treatment and enzymatic hydrolysis process will ultimately increase the feedstock for ethanol 

fermentation and other purposes. In this study, three selected  physical pre-treatments which 

are ultrasound, microwave and hydrothermal were integrated with boiling process to treat 

sago hampas starch residue before proceed to enzymatic hydrolysis. Meanwhile, only one 

the most efficient pre-treatment was chosen to treat cellulosic residue compound of sago 

hampas and subsequently proceed to enzymatic hydrolysis for reducing sugar production. 
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1.2 Project Rationale and Hypothesis 

The enzymatic hydrolysis process of starchy and lignocellulosic compounds without 

any pre-treatments might ends up with incomplete starch conversion to reducing sugar. Some 

starch could be still trapped within matrix of sago hampas lignocellulosic material which is 

tightly bind with lignin and lack of accessibility site of enzymes. This was caused by the 

physical structure of cellulose which commonly embedded in a matrix of hemicellulose, 

pectin and lignin which leads to very recalcitrant structure and high crystallinity properties. 

Therefore, a pre-treatment processing step is required for depolymerisation of starch and 

lignin in order to increase the enzymatic digestibility of starch and cellulosic material for 

maximising the production of glucose and other reducing sugars (Le Corre et al., 2011; 

Mosier et al., 2005; Saifuddin & Hussain, 2011; Sunarti et al., 2012; Sunarti et al., 2018; 

Thangavelu et al., 2014; Zheng et al., 2009). 

There are many possibilities can be hypothesised especially on the effectiveness of 

pre-treatment selected to convert the starch and cellulosic compound to glucose and other 

reducing sugars. All pre-treatments selected may not show significantly different among 

them or there is also possibility the pre-treatments selected may have significant difference 

among them. The hydrothermal pre-treatment also can be expected as the best pre-treatment 

compared to other pre-treatments selected as claimed by previous researchers such as Mosier 

et al. (2005); Jacobasch et al. (2006); Janggu, (2012) and Nitsos et al. (2013). 
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1.3 Objectives 

The objectives of this study were: 

i. To determine the best physical pre-treatment method of starchy and 

lignocellulosic compound of sago hampas which can maximise the glucose 

and reducing sugar conversion yield after enzymatic hydrolysis process; 

ii. To identify the optimum substrate loading, enzyme dosage and incubation 

time to generate reducing sugar from cellulosic compound residue of sago 

hampas after pre-treatment and completing enzymatic hydrolysis; 

iii. To observe and compare the effect of selected pre-treatment processes 

towards the physical changes of sago hampas starch granules and effect of 

hydrothermal pre-treatment towards the physical changes of cellulosic 

component. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Sago Palm (Metroxylon sagu) 

Sago palm or Metroxylon sagu  is a species of the genus Metroxylon belonging to the 

Palmae family. The word ‘sago’ is originally Javanese, meaning starch which containing 

palms pith. The scientific name is derived from ‘metra’, meaning pith or parenchyma and 

‘xylon’ meaning xylem (Flach, 1997; Singhal et al., 2008). The sago palm is hapaxantic 

which mean it flowers once and dies shortly thereafter. The sago palm converts its stored 

nutrients into starch, which fills the trunk during the vegetative stage, just before flowering 

stage (Abd-Aziz, 2002; Orwa et al., 2009). The plant reaches commercial maturity at 9–12 

years of age, when the fruit starts to develop, and starch accumulation in the trunk reaches a 

maximum. The plant also reaches a maximum height of 25 m and a diameter of 40 cm, grows 

in clumps, has pinnate leaves about 6–9 m long, and very thick stems (Flach, 1997; Singhal 

et al., 2008). Healthy palms under good conditions carry approximately 24 leaves or fronds. 

The higher number of fronds the crown carries, the larger the diameter of the trunk. Each 

month, one new frond appears out of the growing point, and the oldest one dies (Flach, 

1997). The Sago palm grows as a native plant in Asean countries such as Malaysia, 

Singapore, Fiji, Papua New Guinea, Thailand, Indonesia and Solomon Islands (Orwa et al., 

2009).  

 

 

 


