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ABSTRACT
Sago ham pas was considered as waste from sago palm industry in Sarawak. Composition of dried sago was mainly starch
and fiber components. This research investigated the effects of microwave pretreatment on acid and enzyme hydrolysis. It
is also to determine the glucose production after hydrolysis process. Two concentration of sulphuric acid, 0.5% and 1.0%,
were used in dilute acid hydrolysis whereas the enzymatic hydrolysis were conducted using amyloglucosidase at 60°C.
Changes on sago hampas structures after pretreatment and hydrolysis was observed by Scanning Electron Microscopy.
The concentration of glucose produced after pretreatment by microwave and hydrolysis was analysed using High
Perfonnance Liquid Chromatography. Dilute acid was able to hydrolysed the starch into glucose. The production of
glucose increased after microwave treatment but higher concentration of dilute acid restricted the glucose production.
Overall, microwave heating has improved the production of glucose after dilute acid treatment and enzyme hydrolysis
treatment.

Keywords: sago hampas, acid hydrolysis, enzymatic hydrolysis, microwave pretreatment, fermentable sugars

ABSTRAK
Hampas sagu dikel/alpasti sebagai bahal/ bllangan daripada induSlri sagu di Sarawak. Komposisi sagu yg dikeringkan
mengandungi komponell kanji dan hampas. Kajian illi menyelidik lellIang kesan rall'awn alVal menggunakan alai
gelombang mikro lerhadap hidrolisis menggunakan asid dan endm. Dua wlwp kepekawn slIl{urik asid. 0.5% dan 1.0%
digllnakan dalam hidrolisis asid cair manakala el/zim amylogillcosidase digllnakan IIlltllk hidrolisis ellzim pada sulllt
60"C. Perubahan pada slruktur sago hampas selepas melailli rall'atan all'al dan hidrolisis di pantall mellgglll/akal/
Scanning Electron Microscopy. Kepekatan glllkosa yang lerhasil selepas rawatal/ awal menggllnakall alat gelombaflg
mikro dan hidrolisis telah dianalisis menggllnakan High Pelformallce Liqllid Chromatography. Asid eair mampII tllltuk
menghidrolisiskan kanji kepada glllkosa. Penghasilan glllkosa meningkat selepas /"{Iwatan menggllnakan gelombang
mikro tetapi kepekatan asid mir yang linggi akan menglwlang penghasilan glukosa. Secara keselunthannya. pemanasan
IIIenggllnakan alaI gelombang mikro telah meningkatkall penghasi/an glllkosa selepas proses hidrolisis menggllnakan
asid cair dan enzim.

Kata Kllnei: hampas sagll. hidrolisis menggunakan asid. hidrolisis menggunakall enzim. rawatan aIVal gelomballg mikro.
gllialermentasi

viii

CHAPTER I
INTRODUCTION

Sago, known scientifically as Metroxylon sagu Rottboll comes from genus metroxylon and
family palmae (Singhal et al., 2008). Sago palm is commonly found in tropical lowland forest
and freshwater swamps. In 2010, nearly 59,161 hectares land ofSarawak is planted with sago
(Department of Agriculture Sarawak, 201 Oa). Sarawak is currently one of the world largest
exporters of sago products, with approximately 44, 400 tonnes sago starch exported to several
countries annually (Department of Agriculture Sarawak, 2010b). During sago processing, sago
hampas produced abundantly as a by-product. As stated by Bujang et al. (1996), it has been
estimated approximately 7 tons (t) of sago pith waste was produced daily from a single sago
starch processing mill. However, these residues were not treated well and discharge into
nearby streams. The high organic material, chemical oxygen demand (COD) and biological
oxygen demand (BOD) from untreated sago waste contribute to serious pollution (Awg-Adeni

et al., 2010).

Due to the high starch content in sago waste, it is suitable source of carbohydrate for
enzymatic hydrolysis to produce glucose which then can be use for bioethanol production.
Bio-ethanol is an alcohol made by fermentation mostly from carbohydrate such as starch or
sugars. However, optimum enzymatic hydrolysis of sago hampas is limited by the resistant
structure of cellulose and natural composite structures of lignocellulosics. Efficient
pretreatment technologies are needed prior to the enzymatic hydrolysis to overcome the
1

recalcitrance of lignocellulosic. Pretreatment also is needed to decrease the enzyme dosage
and to shorten the bioconservation times. Consequently pretreatment will reduce the cost in
the conservation of lignocelluloses to ethanol based on enzymatic hydrolysis (Mosier et al.,
2005).

Previous study showed that the use of microwave heating in the degradation of starch from
different type of starchy sources, such as potato, and com. As stated by Sunarti

el

al. (20 II),

the use of microwave heating able to convert starch sources directly into glucose in short time.
Reaction rate of starch hydrolysis to glucose was accelerated 100 times under microwave
compared to autoclave method (Kunlan et al., 2011). Besides, according to Sunarti et al.
(2011), microwave heating in acid produced by-product materials especially in long heating
time.

The general objective of this research is to perform pretreatment on sago hampas using heating
by microwave. It is also to maximize the effect of hydrolysis by acid and enzyme on sago
hampas to produce glucose for fermentation process. Next, it is to observe the structure change
on sago hampas upon completing pretreatment using Scanning Electron Microscope. The
hypotheses of this research is heating pretreatment would help increase glucose production
during enzymatic and acid hydrolysis on sago hampas.

2

CHAPTER II
LITERATURE REVIEW

2.1. Sago Hampas

Sago pith residue is known as hampas and is obtained during washing and sieving in sago
starch extraction process. For every tones of sago starch flour produced, 3 tonnes of sago
hampas is generated (Karim et a/., 2008). This makes it an important byproduct in sago
industry. There are two types of sago hampas - the coarse and fine hampas. The coarse
hampas is obtained first from the coarse sieve screen while the fine hampas is obtained later
from fine sieve screen.
Sago hampas consists of mainly of water coming from sago starch washing process.
According to Ozawa et a/., (1996), the dried hampas contains about 50-60% starch as shown
in Table 1 below. Wet sago hampas has pH of 3.93 and cation exchange concentration (CEC)
of 64.38 (Bernard et a/., 2011). At present, sago hampas is commonly used as animal feed due
to its significant starch content (Singhal et a/., 2008). It is also used for mushroom cultivation
(Abd Rahman & Sundin, 2008), confectionary syrup production (Phang et al., 2000), and
particle board manufacturing (Vikineswary et al., 1994). The annual generation of sago
bampas is projected to increase in future. Due to this fact, research on biological, chemical and
thermal treatment of sago hampas for utilization has gained great attention in the past decade.

3

Table 1: Composition of sago hampas on dry weight basis
Component

%

Starch

58 .0

Cellulose

23.0

Hemicellulose

9.2

Lignin

3.9

Ref. Ozawa el al., 1996

2.2. Pretreatment categories

2.2.1. Physical pretreatment

Physical pretreatment involves breakdown of biomass size and crystallinity by milling
or grinding. Decrease in crystallinity cause the improvement in hydrolysis. According
to Brodeur et al. (2011), the energy requirements for physical pretreatment are
dependent on the final size and reduction in crystallinity of the lignocellulosic
materials.

2.2.2. Biological pretreatment

Biological pretreatment involves the use of microorganism to degrade lignin and
hemicelluloses but leave the cellulose unbroken (Kumar & Wyman, 2009). However,
biological pretreatment tends to take longer time and produce low rate of hydrolysis
compare to other technologies (Brodeur et al., 2011). Current efforts in biological

4
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pretreatments are

III

combining this technology with other pretreatments and

III

developing novel microorganisms for rapid hydrolysis (Sa'nchez & Cardona, 2008).

2.2.3. Chemical pretreatment

There are also chemical pretreatment that involve the use of alkali or acid.
Pretreatment of lignocellulosic biomass with alkaline related to the use of bases, such
as sodium, potassium, calcium, and ammonium hydroxide. The use of an alkali causes
the degradation of ester and glycosidic side chains reSUlting in structural alteration of
lignin, cellulose swelling, partial decrystallization of cellulose (McIntosh and Vancov,
2010). Chemical pretreatment through acid involves the use of concentrated and
diluted acids to break the rigid structure of the lignocellulosic material. However, the
common acid use is dilute sulphuric acid (H 2 S0 4 ), which has been commercially used
to pretreat a wide variety of biomass types. Due to its ability to remove hemicellulose,
acid pretreatments have been used as parts of overall processes in fractionating the
components of lignocellulosic biomass (Zhang et al., 2007). This chemical
pretreatment usually consists of the addition of concentrated or diluted acids (usually
between 0.2% to 2.5% w/w) to the biomass, followed by constant mixing at
temperatures between 130°C and 210°C. Depending on the conditions of the
pretreatment, the hydrolysis of the sugars could take from a few minutes to hours
(Saha et al., 2005).

5

2.2.4. Physiochemical pretreatment

Other than that, physiochemical method also can be use for pretreatment which
combine the chemical and physical techniques in order to break the structure of
lignocellulosic material. Usually this types of pretreatment use high temperature,
pressure and chemical (acid or alkali). The examples of this pretreatment are steam
explosion, liquid hot water, ammonia fiber explosion, ammonia recycle percolation,
and supercritical fluid (Brodeur et ai., 2011).

6

2.3. Effective pretreatment of lignocellulosic biomass

Previous study by Yang and Wyman (2008) listed several benefits that should be achieved by
pretreatment such as no significant sugars degradation. Cellulose from pretreatment should be
highly digestible with yield higher than 90% in less than five and preferably less than 3 days
with enzyme loading lower than 10 FPU/g cellulose (Yang & Wayman, 2008). Pretreatment
should not produce solid-waste residues . The chemicals fonned during hydrolyzed
conditioning in preparation for subsequent steps should not present processing or disposal
challenges.

Moreover, high sugar concentration is obtained from the coupled operation of pretreatment
and enzymatic hydrolysis. It should be above 10% to ensure an adequate ethanol concentration
and keep recovery and other downstream cost manageable. Furthennore, the distribution of
sugar recovery between pretreatment and subsequent enzymatic hydrolysis should be
compatible with the choice of an organism able to fennent pentoses (arabinose and xylose) in
hemiceUuloses. The other important benefit of pretreatment is to minimize heat and power
requirements. Therefore, heat and power demands for pretreatment should be lowlor
compatible with the thennally integrated process.

7

2.4. Microwave pretreatment

The u e of microwave irradiation to generate heat is very promising to be applied in the
conversion of biomass to simple sugars. There are some reports regarding the use of
microwave heating in the degradation of starch from different kinds of starchy materials, such
as wheat, rice, potato, and corn, in water or dilute acid solutions. Microwave heating could
convert starch directly to glucose in relatively short time (Sunarti et al., 2011). Compare with
conventional heating, the reaction rate of starch hydrolysis to glucose was accelerated 100
times lDlder microwave irradiation as reported by Kunlan et al. (2011). There might be some
secondary decomposition materials produced after microwave heating of starch suspension,
especially when the medium used is acid or the temperature used is quite high with a quite
long heating time. As referred to Sunarti et al. (2011), temperature and time of heating
treatment affects weight loss and the loss of chemical component from the lignocellulosics and
the use of high temperature, 90°C with 5 min heating will be able to remove almost all
hemicelluloses.

Microwave provided radiation using inverter technology at variable power levels ranging from
125 to 1250 watts. All pretreatments should be carried out at a power level of 250 watts
(Keshwani and Oeepak, 2009). According to Keshwani and Oeepak, (2009) this power level
was chosen since it allowed for sufficient lengths of pretreatment time without drastic
volumetric losses of the liquid phase. Then, moisture contents of the pretreated biomass will
be measured after washing and samples were stored in a sealed bag at 4°C for enzymatic
hydrolysis.
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2.5. Enzymatic hydrolysis process

There are certain enzyme that can be use to degrade lignocellulosic component.
Lignocellulosic component is divided into cellulose, hemicelluloses and lignin. However the
low lignin component in sago hampas do not effect greatly in producing sugar. Enzymatic
hydrolysis process is needed to produce simple sugars by degrading the lignocellulosic
component. Enzyme is specific and work only on specific type of lignocellulosic component.
Thus, different types of enzyme are needed in the process. Dextrozyme work on
hemicelluloses and cellulose work on ceUulose. Dextrozyme is mixed enzyme between
amylogJucosidase and pullulanase (Sunarti et al., 2011). Amyloglucosidase is an exo-enzyme,
attacks limit dextrin and maltooligosaccharide from the reducing site, and slowly release
monomers especially glucose. Amyloglucosidase mainly cleaved the 0.-1,4 glycosidic bonds
and slowly attack the 0.-1,6 glycosidic bonds. This made a debranching enzyme pullulanase to
improve

the

degradation

of 0.-1,6

glycosidic

bonds

and

produce

more

linear

maltooligosaccharides (Sunarti et al., 2011). Cellulose also will be used to hydrolyzes
cellulose.

9

2.6. Dilute acid hydrolysis process

According to Galbe & Zacchi. (2002), hydrolysis of cellulose with diluted acid is perfonned at
high-temperature whereas hydrolysis with either concentrated acids or enzymes is perfonned
at low-temperature. Dilute acid can also be used for prehydrolysis of hemicelluloses, which is
a proces

perfonned at relatively low temperatures. After acid-catalyzed hydrolysis of

hemicelluloses, a solid residue consisting of cellulose and lignin is obtained and the cellulose
can then be hydrolyzed either by using acid under harsher conditions or by using cellulases.
Dilute-acid prehydrolysis can be used as a pretreatment method for increasing the reactivity of
cellulose toward cellulases (Torget et

at., 1990). The usage of dilute acid is more suitable

compared to concentrated acid because it produce no or lack byproduct, which can negatively
affect the fennentability of the hydrolysates.
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CHAPTER III
MATERIALS AND METHODS

3.1. Sago Hampas

Sago hampas was obtained from the sago starch processmg industry in Pus a, Sarawak,
Malaysia. The hampas was packed into porous plastic bags and left to stand for 1-2 days.
Water from the wet hampas was drain off naturally. The sago hampas was oven-dried for 24
hours before grounded to pass a 1 mm screen. Then, dried sample were analyzed for moisture
content to determine the suitable amount of buffer. Next, buffers have been added for
enzymatic hydrolysis process according to Nakamura (1981) and dilute sulphuric acid was
added for acid hydrolysis.

3.2. Dilute acid hydrolysis in sago hampas.

A suspension of sago hampas, 5% (w/v) was prepared in 100 ml of 0.5% sulphuric acid
solution at pH 1.2. The suspension was heated by microwave for 3 min for hydrolysis process.
The solution obtained has been separated from the residual fiber by filtration through a 100
mesh sieve filter. The residual fiber has been dried and weight while the supernatant was
harvest and analyze glucose content. This procedure was repeated by using 1.0% of SUlphuric
acid.
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3.3. Enzymes

The commercial saccharification enzyme has been used in this study is Amyloglucosidase
(AMG) (0.3% v/w). All other reagents has been used in this study are of analytical grade.

3.4. Preparation of Sago Hampas Hydrolysate (SUH)

Two major components have been prepared in order to obtain Sago Hampas Hydrolysate from
sago hampa . Firstly, KH2P04 buffer and other preparation of acid and alkali which are
sodium hydroxide (NaOH), and sulphuric acid (H 2 S04).
0.1 M KH2P0 4 buffer was prepared by adding 13 .609 g KH 2P04 powder into 1 L of distilled
water. The acid (H 2S04) and alkali (NaOH) also were prepared for pH adjustment of KH 2P0 4
buffer to reach at optimum pH (pH 4) by using pH meter (ORION 2 STAR pH Benctop).
NaOH solution of 2 M was prepared by adding 16.0 g NaOH pellet and top up with distilled
water to 0.2 L. The solution was stirred until all NaOH peJiets dissolved and stored in labeled
reagent bOlue.
H2S04 solution of 1 M was prepared by mixing the 0.002 L of concentrated H 2S04 top up
with distilled water to 0.2 L. The dilution of H2S04 was mixed thoroughly and then stored in
labeled reagent bottle.
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3.S. Saccharification of starch in sago hampas

A suspension of sago hampas, 5% (w/v) was prepared in O.lM KH 2P04 buffer solution at pH
4. The suspension was heated by microwave for 3 min for gelatinization process and
subsequently has been cooled down to 60°C. A 0.3% (v/w) of Amyloglucosidase enzyme has
been added into the mixture. A stirrer (Stuart SS30) has been used for mixing the suspension
to ensure homogeneity between enzyme and substrate. The suspension was left submerged in a
water bath at 60°C for 60 min. The hydrolysate obtained has been separated from the residual
lignocellulosic fiber by filtration through a 100 mesh sieve filter. The supernatant, referred as
sago hampas hydrolysate (SHH), was harvested and analyzed for glucose content before being
used in subsequent fermentation. The filtered sago residual (lignocellulosic fiber) was oven
dried and weight before being observed for its physical structure by Scanning Electron
Microscope (SEM).

3.6. Determination of glucose concentration.

Glucose production was analysed by High Performance Liquid Chromatography (HPLC)
system (Waters) equipped with Waters 2487 dual A, absorbance detector set to 21 Qnm and
Waters 1515 isocratic HPLC pump. A 150 x 7.8mm fermentation monitoring column (Biorad,
USA) was used. An aliquot of 20 /lL sample was injected into the system at detection
temperature of 60°C and flow rate of 0.6 mLimin. the mobile phase used was 1 mM H2 S04

(filtered through Whatman 0.45 /lm membrane filters using Milipore filteration system and
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degassed for 4 hours). Glucose concentration was calculated through the glucose calibration
curve relating the area of peak against known concentration.

3.7. Scanning Electron Microscopy (SEM) observation of physical structure of raw and

treated sago hampas.

Raw and treated sago hampas samples were prepared for SEM observation by sprinkling it on
double-sided adhesive tape attached to a circular specimen stub coated with platinum. The
microstructures of the samples were viewed via JEOL, JSM-6390LA Scanning Electron
Microscope (SEM) for observation of starch granules and changes occurring on cluster of sago
bampas.
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