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Hydrolysis of Sago Hampas for Production of Fermentable Sugars 

Habibah Binti SaUeb 
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ABSTRACT 


Enzymatic hydrolysis of sago hampas produced glucose in the range of 5 to 12 gIL. The study was carried in 
folD' stages which were drying of hampas, pre-treatment, enzymatic hydrolysis and batch fennentation. In the 
drying method study, three types of drying method were investigated, namely, oven-dried, air-dried and wet. 
Among these, oven-dried was the best with percentage of total solids at 5.594'10 - 8.31%. In the pre-treatment 
of sago bampas, three types of pre-treatment were used which were steaming, alkaline and acid pre-treatment. 
Steaming pre-treatment gave the highest recovery percentage of samples at 34% - 36.2% followed by alkaline 
pnHre8tment at 28.60% - 30.20% and acid pre-treatment at 28.53% - 29.23%. Pre-treated hampas proceed to 
enzymatic hydrolysis with the concentration of 5% (w/v) sago hampas was dissolved in 0.2M acetate buffer. 
Initial pH of enzymatic hydrolysis was fixed at 5.0, temperature 60°C and shaking at 100 rpm. Three steps that 
involved in enzymatic hydrolysis were pre-hydrolysis, liquefaction and saccharification. Concentrations of 
enzymes used were 10% cellulase, 2% ~ galactosidase and I % of Iiquozyme and spirizyme. Control for this 
experiment was untreated sago bampas. Steaming pre-treated of sago hampas gave the highest yield of glucose 
(l1.94±O.08 gIL) with enzymatic convertibility of cellulose was 53.73% The highest yield of glucose 
(11.94±O.08 gIL) proceed to 24 hours batch fermentation with total working volume was 100 mi. Fermentation 
efficiency obtained was 80.294'10. This proved that fermentable sugar from sago bampas could be fermented to 
produce bioethanol. 

Keywords: sago hampas, enzymatic hydrolysis, fermentable sugars. pre- treatment, glucose 

ABSTRAX 

Proses hidrolosis enzim daripada sago hampas telah menghasi/kan glukosa dalam lingkungan 5 - J2g1L. 
Kqjlan in; telah dijalankan dolam empat peringkat iaitu pengeringan hampas, rawatan awal, hidrolisis enzim 
donfermentasi. Dalam kajian kaedah pengeringan, tiga jenis pengeringan telah dikaji iaitu pengeringan oven, 
udal'a don btuah (hampas tanpa proses pengeringan). Pengeringan oven telah memberikan kepuooan terbailc 
dengan kandungan pepejal sebanyalc 5.5!)O/6 - 8.3J%. Tigajenis kaedah rawatan hampas telah dikaji iaitu 
aJkal~ asid dan steam. Sago hampas yang telah dirawat seterusnya melalui proses hidrolisis enzim dengan 
suhu 600c, 100 rpm dan pH 5.0. Tiga langkah yang terlibat dalam proses hidrolisis adalah pre-hidrolisis, 
liqrwfas; dan sakarafllcasi. Kepelcatan enzim yang diguna/can adalah 10% sellulase, 2% fJ- galactosidase dan 
J% Ilquozyme dan spirizyme. Kontrol dalam eksperimen ini adalah hampas yang tidale dirawat. Rawatan 
steaming memberi/can hasil glukosa yang tertinggl (l J.94±D.08 giL) dan peratusan penukaran selulosa adolah 
53.73%. Kmrdungan glukosa yang tertinggi ini seterusnya difermentasi dan peratusan fermentasi yang dicapai 
adaJah 80.290/6. Ini membuktikan bahawa glu/cosa boleh difermentasi untulc menghasilkan bioetanol. 

Kala /cunei: sago hampas, hidrolisis enz;m, gulafermentasi, rawatan awal, glukosa 
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SECTION 1 


INTRODUCTION 


Sago palm (Metroxylon spp.) is an important resource in tropical Asia and it is one of the 

main crops cultivated in Malaysia Sarawak is known as the largest growing area of sago 

which consist of an area about 68, 000 ha (Sarawak Agricultural Statistic; Yunus, 2007). At 

present, the use of sago palm and its wastes that have been recognized are for housing 

materials, bioenergy, mushroom cultivation, enzyme industry, ethanol and sago flour 

production (Aziz, 2002). Sago effluent is waste water from starch extraction process at sago 

processing mill. From 400 tons of sago effluent, 5% of it was solids (Bujang et ai, 1996) and 

known as sago hampas or fibre. Sago hampas, a waste from sago industry caused 

environmental problems because they are slow degraded materials. Therefore, several 

studies bad been conducted to turn sago wastes into value added products. 

In a world of diminishing resources and increases needs, every opportunity for the reuse of 

waste materials must be examined. Therefore, sago hampas had been recognized as an 

attractive alternative source for bioethanol production. Sago hampas is a lignocellulosic 

biomass which comprised of cellulose, hemicellulose and lignin. Recently, production of 

bioetbanol from lignocellulosic biomass has been attracting increased attention because 

people begin to realize the future potential of this renewable fuel. For instance, production 

of bioethanol from lignocellulosic biomass did not interfere with the food chain and by 

turning the waste to bioethanol also help to overcome environmental pollution. 

The worldwide consumption of oil has been increasing at a rate of 2.2% since the beginning 

19908 (Lens et al, 2005). The authors also estimated that oil reserved will be depleted by 
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2027. Therefore, finding alternative to fossil fuel is inevitable as the growth and people 

needs keep on increasing. Bioethanol or known as renewable fuels is an attractive solution to 

this problem. Using bioethanol as a transportation fuel has a number of advantages such as it 

is C~ neutral energy source because the amount of C02 released corresponds to the amount 

originally fixed from the atmosphere by the biomass (Lens et al, 2003). 

1.1 Objectives 

Below are the objectives of this study: 

~ To develop the production of fermentable sugars from sago hampas in order 

to minimize cost and environmental pollution 

~ To study the effects ofdrying method which are air-dried, wet and oven-dried 

hampas on the percentage of total solids and moisture content. 

~ To study the effects of pre-treatment towards the production of fermentable 

sugars from enzymatic hydrolysis process. 

~ To demonstrate the feasibility of fermentable sugars to produce ethanol. 
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SECTION 2 

LITERATURE REVIEW 

2.1 Sago IDdustry in Malaysia 

Sago is a type of plant that is cultivated in South East Asia and it is known as a non

branching plant (Eliasson, 2004). As reported by Eliasson (2004), this plant can grow up to 

9-12 metres, hapaxantic and then die shortly after flowering. Sago palm will convert its 

stored nutrients into starch that win fill the trunks (Aziz, 2002). According to Flach (1983) 

as quoted in Aziz (2002), the pith contains about 250 kg of starch, 425 kg of water and 175 

kg of other material. Looking at this figure, one can conclude that sago palm is a potential 

plant in the starch industry. 

Sago starch ranks fifth highest after pepper, palm oil, cocoa and rubber (Aziz, 2002). This 

plant has the ability to grow in the harsh swampy peat environment (Johnson, 1977; Ruddle, 

19n; Pei- Lang et ai, 2005). According to the study done by Tie & Lim (1977), 1.5 million 

ha of the world land area is harsh swampy peat environment and 12% of Sarawak total land 

area has this characteristics. 

2.2 Sago Palm ProcessiDg Wastes 

Fronds, hampas, bark and waste water are the four main groups which the sago palm 

processing wastes can be categorized (Yunus, 2007). Yunus (2007) further identify all of 

these wastes as: frond which known as the pre-processing waste due to the abundant 

availability during the process of palm harvesting, sago hampas and sago bark accumulated 
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during the starch processing waste and waste water known as the post-processing waste that 

available from the extraction and washing of sago starch. 

Looking at Table 1 below, one can conclude that amount ofwastes is higher than the amount 

of starch itself. Most of the sago wastes are not being utilised commercially. These sago 

wastes are discarded into nearby river or left to rot in the forest (Yunus, 2007). Nowadays, 

researchers realize that sago wastes can be exploited commercially to produce value-added 

end-products. Several studies have been conducted such as converting sago bark waste into 

fibreboard (Yunus, 2007) and pulping of sago fronds to produce paper (Sasaki et ai, 2001; 

YWlUS, 2007). 

Table 1: Sago Palm Processing Waste Statistics (based on an annual production capacity of 57,600 tonnes of 
dry starch) 

Estimated Material 57,600 tonnes dry starch! 

year 

Palm (no.) 345, 600 - 460, 800 

Fronds (no.) 6, 200,000 - 8, 300, 000 

Bark (tonnes) 77,500  103, 300 

Hampas (tonnes) 47,200  62,900 

Waste Water (m3) 1, 152, 000 - 2, 400, 000 

Source: Flach (1983), Haryanto et ai, 1991, Chew & Shim (1993), Bujang et ai, 1996, Prayitno 
(2000), Haska (200 I), & Yunus (2007) 

2.2.1 Sago Emuent 

Sago effluent is waste water discharged after starch extraction at sago processing mill. 

According to Janggu (2009), about 243,000 L of sago effluent discharged daily in every 

. gle processing mill. Improper treatment of sago effluent will cause environmental 
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pollution especially to the river. Bujang & Yusop (2006), found out that pollution was not 

due to chemical components of sago effluent but due to the large amount of sago effluent 

produced daily. 

1.1.1 Sago HanrptIS 

Sago hampas could be obtained from filtration of sago effluent. Sago hampas is a starchy 

lignocellulosic by-product generated from sago palm starch processing. It is cheaply and 

abundantly available in Malaysia. Microscopic examination proved that huge number of 

starch granules is trapped in the lignocellulosic matrix (Chew & Shim, 1993). Many studies 

has been done on sago hampas such as utilization of sago hampas as a substrate for edible 

mushroom cultivation (Kumaran et ai, 1997), feeding value of sago hampas on animals 

(Horigome et al, 1991; Ozawa et ai, 2001; Yunus, 2007), utilization for green manure 

(Bintoro, 1994; Yunus, 2007) and the most recent research is production ofbioethanol from 

sago hampas. Sago hampas is a lignocellulosics biomass and pre-treatment process IS 

necessary so that hydrolytic enzymes can attack cellulose. 

1.3 Other Agricultural Waste 

Other agricultural wastes that have been reported to produce bioethanol are cotton waste and 

banana waste. Cotton waste is generated in tons in agricultural countries like India can be 

used for the production of bioenergy in the form of bioethanol with the help of microbial 

catalytic enzyme cellulose (Artbe et ai, 2008). India also used banana waste to produce 

bioethanol. Banana wastes which are dried leaves and psuedostem was used as substrate for 

the release of sugars (Baig et ai, 2004). 
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2.4 LipoeeUulosie Biomass 

Lignocellulosic biomass are composed of three main components which are cellulose, 

hemicelluloses and lignin. The distribution percentage of each of the main components are 

4O-S00A, cellulose, 20-30% hemicellulose and 12-20% lignin (Wyman 1999 cited from Lens 

200S) and it may vary according to type of biomass. The lignocellulose also contains minor 

amounts of proteins, lipids and extractives (Sommer 1998 cited from Lens 2005). 

Combination of cellulose and hemicellulose are called holocellulose and according to Lens 

(200S), holocellulose comprise the sugars that can be converted into ethanol by 

fermentation. Combination of each of the fractions in lignocellulose result in a complex 

structure that protects the plant fibres from physical wear and microbial attack. The 

degradation and subsequent utilization of lignocellulosic material play an important role in 

the circulation of global carbon (Niranjane el ai, 2007 cited from Zhang & Chai, 2008). 

2.4.1 CeUulose 

Cellulose is a polymer of glucose that is made from cellobiose unit with about 2000 to 27 

000 of glucose residues (Delmer & Arnor 1995; Murohoshi, 1991 cited from Taherzadeh & 

Karimi, 2(07). They are combined by ~- 1, 4- glycosidic bonds. The crystalline structure of 

cellulose aid to the difficulty for the hydrolysis process of the lignocellulosic materials 

(Martin et ai, 2006). Cellulose in plants is embedded with lignin which inhibits access of 

hydrolytio agents. 

2.4.2 Hemicellulose 

Hemicellulose is a branched amorphous polymer less than 300 monomers per molecule and 

Id together by p- 1, 6- glycosidic bonds. Hemicellulose is a heteropolysaccharide that is 
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mainly consists of pentose sugars (Lens, 2005). Pentose sugar which is typically xylose 

oriented as a backbone with the side chain of hemicelluloses is a fraction of arabinose, 

glucose and galactose (Sommer, 1998 cited from Lens, 2005). 

1.4.3 Lipin 

Lignin is the most complex compound in lignocelluloses which function as a structural 

support to the plant. The cellulose and hemicellulose components are very long molecular 

chains of sugars tied together by lignin (Bolotova, 2005). Lignin is a greatly branched high 

molecular weight heterogenous compound based on a phenol-propene back bone (Wyman, 

1999 cited from Lens, 2005). Study done by Skaar (1984) further revealed that the tight 

association between lignin and holocellulose that prevents the fibre to swell when react with 

water and the protective effect of lignocellulose towards microbial and enzymatic attacks. 

1.5 Pn-treatment Prior to Hydrolysis. 

The major step in producing fermentable sugar from lignocelulose is the pre-treatment of 

the raw material. Pre-treatment of lignocellulosic is primarily employed to increase the 

accessible surface area of cellulose to enhance the conversion of cellulose to glucose. In 

Wltreated cellulose, only a minor fraction of the pores are accessible to cellulases (Palonen, 

2004). The fibres are not accessible to the enzymes and microbial attack mainly due to the 

lipin and hemicellulose structure and the crystallinity of cellulose. Without any pre

treatment, the conversion of cellulose to glucose is low since cellulose is well protected by 

lignin and hemicellulose. Pre-treatment process can remove lignin and hemicelluloses, 

reducing cellulose crystallinity, increasing the porosity of the material (Sun & Cheng, 2002) 

and enhancing the enzymatic susceptibility of cellulose (Martin et ai, 2006). 
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Recent study done by Janggu & Kopli (2009), further revealed that pre·treatment process 

changed the microstructure of sago hampas. Untreated sago hampas showed rigid and highly 

ordered fibrils whereas in treated hampas the structure was distorted (Figure 1). Physical 

changes in the microstructure of hampas showed that pre·treatment is essential before 

enzymatic hydrolysis to enable microbial and enzymatic attacks to sago hampas. 

Pre-treatment can be carried out with a range of different processes based on chemical, 

physical or biological approach or a combination of these (Lens, 2005). According to Sun & 

Cheng (2002), it is important that the selected pre-treatment technology includes a number 

of requirements such as improve the enzymatic accessibility of the sugar compound, 

minimum degradation and loss of potential sugars, prevent the formation of compounds that 

are inhibitory towards enzymatic and microbial activity. Hence, the process should be 

economical in order to make the cellulosic ethanol production economically feasible. The 

pre-treatment costs include the reagent, capital, labour and overhead costs. 
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B 

I Microstructure of sago hampas by SEM microscope: (A) Untreated hampas (B) Steaming pre
........at (C)Alkaline boiling pre-treatment (0) Alkaline suspending pre-treatment. Source: Janggu & Bujang, 

laymatic Hydrolysis of CeUulose to Produce Fermentable Sugars 

y available in lignocellulosic materials. Thus it contains polysaccharides such as 

ose and hemicellulose that need to be hydrolyzed to produce fennentable sugars 

is highly specific catalyst (Taherzadeh & Karimi, 2007). There are three components 

have been identified in cellulase which are endoglucanase, exoglucanase and p

__)Si<l1aSe (Al-Zubair et aI, 2007). Synergistic action among these three components that 
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responsible to produce fennentable sugar from cellulose. Endogucanase was responsible to 

attacked ~1,4 bonds randomly within the cellulose chain, exoglucanase then removed 

cellobiose units from the free chain ends. The degradation activities were further 

accomplished with the role of p- galactosidase that breaked the cellobiose into glucose 

units. 

Percentage of hydrolysis can be defmed as the ratio of amount of sugar that is released 

compared to the amount of the total sugar contained in the untreated raw materials or 

delignified fibres (Koba et aI, 1989). In the aspect of cost, enzymatic hydrolysis was better 

compared to chemical hydrolysis because it is carried out at mild conditions. Other 

advantages of enzymatic hydrolysis compare to chemical hydrolysis are enzymes are 

environmental friendly and are not toxic or corrosive, higher conversion efficiency, the 

absence of substrate loss due to chemical modifications and the use of more moderate and 

non-corrosive physical-chemical operating conditions such as lower reaction temperatures, 

neutral pH and the use of biodegradable and nontoxic reagents (Bon & Ferrara, 1996). 

2.7 Batch Fermentation 

Fermentation has been known since pre-historic times, long before the underlying principles 

were understood (Achreker, 2006). Batch culture system, one type of fermentation 

represents growth in a closed system or environment using shake flasks or fennenter that 

contains a suitable growth supporting medium. According to Scragg (1991), fennentation 

process will be disrupted when some essential components in the medium are exhausted or 

the environmental changes that cause accumulation of toxic product that finally changes the 

pH. 
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lAG.ling to Oxford Dictionary of Biotechnology (2004), biofuel can be defmed as a 

_ICIOUIS, liquid or solid fuel that contains an energy content derived from a biological 

_D. The high prices of petroleum have stimulated the rapid development of the biofuel 

lliiilllnalrv in European Union, United States and to some extent in Malaysia. One of the 

_rll8ti·ves sources that have the potential to decrease our dependency to petrol is 

IioItbanoI. Ethanol that is produce from renewable energy sources which is biomass is the 

promising future of biofuel (Masrszalek & Kaminski, 2008). At present, it is being 

in fuel industry as an additive to petrol with the percentage of 10% ethanol and 90% 

Bklldbanol can be produced through sugar fermentation process and source that has been 

in the production of bioethanol is food source such as maize, sugarcane, soy beans and 

starch. Another alternative is to produce bioethanol by using alternative source such as 

the agricultural waste. Sago hampas is a lignocellulosic agricultural waste which is 

itllllllti1' W!ly inexpensive. Agricultural waste provide a low-cost and uniquely sustainable 

.:....~ for production ofmany organic fuels and chemicals that can reduce greenhouse gas 

·ODS, enhance energy security, improve the economy, dispose of problematic solid 

~"'lM and improve air quality (Wyman, 2003). 
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