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ABSTRACT 

 
As the world getting exhausted with the fuels utilization based on petroleum, there is high demand for bioethanol 

as alternative to fossil fuels. Nowadays, the production of bioethanol from agricultural wastes is the one of the sources that 

commonly used. In this study, the Sago hampas was used act as carbon sources (substrate) for bioethanol production. Instead 

a carbon source, the nitrogen sources also is one of the crucial components required in the production of bioethanol. In this 

study, urea is the most suitable nitrogen source to be supplemented with Sago Hampas Hydrolysate (SHH) because the 

higher production ethanol have been obtained, 8.639 g/L within 8 hours of fermentation at 16.169 g/l of initial glucose 

concentration.. In addition, urea is an inexpensive nitrogen source and also economically attractive for the industrial 

production of fuel alcohol. The production of bioethanol of sago hampas have been carried out by submerged batch 

fermentation process by S.cerevisiae at pH 5.5-5.6, temperature of 30ºC in 100 ml working volume. From this study, instead 

yeast extract that commonly used in study, other type of nitrogen sources such as urea or ammonium ion also have been used 

in order to produce higher production of bioethanol by S. cerevisiae from SHH. 

Key words: Sago Hampas Hydrolysate (SHH), Saccharomyces cerevisiae, nitrogen source, bioethanol, agricultural waste 

 

ABSTRAK 

Dunia kini semakin tenat dengan penggunaan bahan api berasaskan sumber asli petroleum yang semakin 

berkurangan dari hari ke hari. Oleh itu, penggunaan bioetanol telah mendapat permintaan yang tinggi sebagai alternatif 

kepada bahan api sumber asli. Kini, sisa pertanian adalah merupakan salah satu daripada sumber-sumber yang biasanya 

digunakan tujuan tersebut. Di dalam kajian ini, hampas sagu telah digunakan sebagai sumber karbon (substrat) dalam 

proses pengeluaran bioetanol. Di samping itu juga, sumber nitrogen juga merupakan salah satu komponen penting yang 

diperlukan dalam pengeluaran bioetanol. Dalam kajian yang telah dijalankan, urea adalah sumber nitrogen yang paling 

sesuai untuk digunakan bersama Sagu Hampas Hidrolisat (SHH),kerana jumlah bioetanol yang tinggi sebanyak 8.639 g/l 

telah berjaya diperolehi dalam tempoh 8 jam penapaian dengan menggunakan kepekatan awal glukos sebanyak 16.169 g/l. 

Tambahan pula, urea adalah sumber nitrogen yang murah dan juga menjadi tarikan ekonomi untuk industri pengeluaran 

alkohol sebagai bahan sumber api.  Penapaian daripada hampas sagu telah dijalankan dalam proses fermentasi kelompok 

oleh S. cerevisiae  pada pH 5.5-5.6, dengan suhu 30ºC di dalam isipadu kerja 100 ml. Daripada kajian ini, disamping yis 

ekstrak, terdapat sumber nitrogen lain seperti urea dan ammonia sulfat boleh digunakan dalam penghasilan bioetanol yang 

tinggi oleh S. cerevisiae daripada SHH. 

Kata kunci : Sago Hampas Hidrolisat (SHH), Saccharomyces cerevisiae, sumber nitrogen, bioetanol, sisa pertanian
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CHAPTER I 

 

INTRODUCTION 

1.1 Introduction 
 

 Nowadays, the world is almost entirely dependent on petroleum-based fuel 

especially for the transportation sector  (Balat, 2011). This phenomenon might lead to 

critical problems which are increase in high fuel prices and global climate change. The 

production of bio-ethanol by using agricultural waste or biomass is an alternative fuel to 

reduce the consumption of crude oil and environmental pollution  (Balat, 2011). These 

agricultural wastes will undergo the fermentation process to convert into a wide variety of 

valuable chemical products, including bio-ethanol, and organic solvents such as butanol 

(Demain, 2000, 2007; Kunz, 2008; Soetaert and Vandamme, 2008; Wall et al., 2008).  

 

Currently, the production of bio-ethanol from crops, such as corn (in USA), wheat, 

sugar cane (in Brazil) is gaining increased public and scientific attention, as well as on 

highly abundant agricultural waste (Balat, 2011). Besides, there are several papers reported 

on utilization of various lignocellulosic waste materials such as rice straw (Yao et al., 

2007), corn stover (Wang et al., 2009), switch grass (Keshwani and Cheng, 2009), palm 

bagasse (Carvalho et al., 2009) for bioethanol production purpose. In India, Peninsula and 

the Northern of Sri Lanka Palmyra jaggery, sugar syrup from the palmyra palm is an 

agricultural product abundantly available and is an alternative substrate for producing 

ethanol. The substrate is the main cost component for industrial ethanol production.  
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 The two major components impacting performance of yeast in fermentation process 

are carbohydrates and nitrogenous compounds (Elizabeth et al., 2008). A high of nitrogen 

sources significantly increased the efficiency of fermentation and yeast yield (Tyagi and 

Ghose, 1980).There are several report stated that yeast extract (Casey et al., 1984; Thomas 

and Ingledew, 1990; Jones et al., 1994; Bafrncova et al., 1999), ammonium (Jones et al., 

1994), urea (Jones and Ingledew, 1994a), calcium and magnesium (Dombek and Ingram, 

1986) have protective effects either on growth and fermentation or viability, which 

stimulate the fermentation rate and ethanol production. 

 

 Nitrogen deficiency will leads to slow and stuck fermentation rates and sulphidic 

off-flavour fermentation (Vilanova et al., 2007). While in the response increasing the 

nitrogen concentrations in the fermentation medium, the rate of fermentation increased and 

decreased the duration. In previous study has been identified assimilable nitrogen as a key 

nutrient that is often suboptimal in many grape musts surveyed (Ough and Amerine 1988; 

Gockowiak and Henschke 1992; Henschke and Jiranek 1993; Butzke 1998). 

 

Nowadays, many researchers use sago hampas as substrate for bioethanol 

production. The sago hampas have to be hydrolyzed in order to get glucose before being 

further used as substrate for bioethanol production by Saccharomyces cerevisiae. The sago 

hampas hydrolysate will be supplemented with nitrogen sources because it contains low 

protein. Almost all types of agricultural waste will have low protein content thus need to be 

supplemented with nitrogen for fermentation process (Jergensen, 2009). 

 

In this study, the use of sago hampas as feedstock for bioethanol production by 

using Saccharomyces cerevisiae and determination the feasibility of different sources 
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supplementation of sago hampas for the improvement of bioethanol production was carried 

out.  

 

1.2 Objectives 

 

General: To study the effect supplementation by different nitrogen sources on the 

production of biethanol from sago hampas by Saccharomyces cerevisiae. 

1. To identify the most suitable nitrogen source for production of bioethanol from 

Sago hampas by Saccharomyces cerevisiae. 

 

2. To compare the fermentation efficiency of bioethanol production from Sago 

hampas by Saccharomyces cerevisiae by using different types of nitrogen sources. 
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CHAPTER II 

 
LITERATURE REVIEW 

 
 

2.1 Baker’s yeasts (Saccharomyces cerevisiae)in fermentation 
 

Yeasts are categorized as unicellular eukaryotic microorganisms which belong to Kingdom 

Fungi. The baker’s yeasts are mainly in the form of living cells of Saccharomyces 

cerevisiae that commonly used in bakery products and beer industries. Today, the baker’s 

yeasts have significant role in the fermentation biotechnology. Based on the previous study 

showed that S. cerevisiae NP01 isolated from Long-pang (Chinese yeast cake) for Sato 

(Thai rice wine) making was a high-ethanol-producing strain under Very High Gravity 

(VHG) condition (Laopaiboon et al., 2008). It was reported that Saccharomyces cerevisiae 

can produce and tolerate high ethanol concentrations under appropriate environmental and 

nutritional conditions (Thomas et al., 1996; Bafrncova et al., 1999). 

 

2.2 Ethanol production by baker’s yeast (Saccharomyces cerevisiae). 

 

Ethanol is the end product of the anaerobic respiration (without oxygen) in the glycolytic 

pathway for energy metabolism of yeast (Saccharomyces cerevisiae). Ethanol is produced 

by simple fermentation process involving renewable agricultural carbohydrate feedstocks 

and yeast as biocatalyst. During the fermentation process, the yeast cells will produce two 

basic enzymes which are invertase and zymase (Zanichelli et al., 2007). 
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2.3 Nitrogen sources, used in fermentation process 
 

Nitrogen sources are very crucial and strongly influence the yeast growth and metabolism 

during fermentation (Beltran et al., 2005). According Bai et al. (2008) assimilation of 

nitrogen is the most important component in the fermentation medium. 

 

 According to Alison et al. (1993), by adding assimilable forms of nitrogen, the rate 

of fermentation was accelerated. In the presence of 1% (w/w) yeast extract, the 

fermentation of wheat mashes was complete in 4 days with a yield 20.3% (v/v) ethanol, 

compared without supplying the nitrogen sources the fermentation needed within 9 days to 

complete the process. 

 

 Urea is also one of the nitrogen sources that can be used in fermentation process. 

Urea is the most economically attractive for the industrial production of fuel alcohol and 

importantly a sufficient high concentration is necessary (Alison et al., 1993). With urea 

supplement, the fermentation is completed within 4 days and 21.1% (v/v) of ethanol was 

yielded. 

 

 Ammonium ion is another alternative of nitrogen source that can be used instead of 

yeast extract and urea. In previous study showed that the wheat mashes fermentation was 

completed within 5 days, and yielding 19.7% (v/v) ethanol. But, the urea is the most 

suitable in term of economic and yield produced. Urea not only promoted the specific 

growth rate and ability of ethanol tolerance, but also increased the ethanol yield and 

reduced the formation of byproducts. In previous study conclude that urea is a preferred 

nitrogen source during ethanol fermentation from concentrated sweet sorghum juice (Yue 

et al., 2010). 
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2.4 Sago hampas 

 

Sago hampas is the fibrous pith residue left after starch extraction from sago palm 

(Metroxylon sagu) and this material exist abundantly at sago-processing factories. 

According Abd-Aziz (2002), the dried hampas contains about 60-70% starch as shown in 

Table 1 below. As stated in Singhal et al., (2008), sago hampas is an inexpensive and may 

be used for many purposes including production of animal feed, compost of mushroom 

culture, for hydrolysis to confectioners’ syrup and also for particleboard manufacture 

mushroom (Phang et al., 2000). 

 

In a previous study, sago hampas was also reportedly used as substrate in the 

production of laccase by solid substrate fermentation (SSF) with an edible mushroom 

known as Pleurotussajor-caju (Kumaran et al., 1997).  Besides that, the fiber residue from 

sago waste also can act as biosorbent because the presence of celluloses and lignins 

(Vickineswary et al., 1994). 

 

Table 1: Composition of sago hampas 

Component                                                                                                                                   % 

Starch                                                                                                                                                            65.7 

Crude fiber                                                                                                                                 14.8 

Crude protein                                                                                                                                1 

Fat                                                                                                                                                                    n.d. 

Ash                                                                                                                                              4.1 

Moisture                                                                                                                                     59.1 

 

Ref. Abd-Aziz, 2002. 
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2.5 Ethanol as biofuel 

 

Bioethanol (CH3CH2OH) is a liquid biofuel which can be produced from several different 

biomass feedstocks such as from sugarcane stalks, sugar beet tubers and sweet sorghum 

and others.  The second-generation bioethanol is currently the most advanced 

environmentally friendly made from non-food crops and completely liquid fuels that can 

be substitute the fossil fuels as a transport fuel (Demirbas et al., 2009). 

 

The bioethanol utilization for alternative fuel is relatively new idea in Malaysia 

compare Brazil, Germany and France which have already been using this fuel for some 

time (Tye et al., 2011). Brazil is the most competitor bioethanol fuel producer in the world 

(Ibeto et al., 2011). The new sugarcane varieties, favorable weather, fertile soils, and 

agricultural technologies are really supported the production of bioethanol in this country 

(Leite et al., 2009). According to Amorim et al., (2011), currently Brazil able produced 

625 million tons of sugarcane per crop, producing 27 billion liters of ethanol and 38.7 

million tons of sugar.  

 

Although the idea of production bioethanol from agricultural waste is still new in 

Malaysia, but according to Goh et al. (2010), there are many types of agricultural waste 

have been studied for those purposes which are oil palm fronds, oil palm fibers, oil palm 

shells, oil palm trunks, paddy straw, rice husk, banana residues, pineapple waste, coconut 

husk and others.  
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CHAPTER III 

 

MATERIALS AND METHODS 

 

3.1 Sago hampas 

 

Sago hampas was obtained from Herdsen Sago Mill in Sarawak, Malaysia. The hampas 

was packed into porous plastics bags and left to stand for 1-2 days to allow water from the 

wet hampas to drain off naturally. Prior to composition analysis, the sago hampas was 

oven-dried for 24 hours before ground to pass a 1 mm screen. Then, the dried samples 

were analyzed for moisture content in order to quantify the suitable amount of buffer was 

be added for enzymatic hydrolysis process. 

 

3.2 Enzymes 

 

The commercial saccharification enzyme has been used in this study is Amylose 

Glucosidase (AMG) (0.3% v/w) provided by Novozyme. All other reagents has been used 

in this study are of analytical grade.  

 

3.3 Saccharification of starch in sago hampas 

 

A suspension of sago hampas, 5% (w/v) was prepared in 0.1 M KH2PO4 buffer solution at 

pH 4. The suspension was heated at boiling water temperature on the hot plate (IKA C-
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MAG HS 10) for 15 min for gelatinization process and subsequently has been cooled down 

to 60 ºC. A 0.3% (v/w) of Amylose Glucosidase enzyme has been added into the mixture. 

A stirrer (Stuart SS30) was used for mixing the suspension to ensure homogeneity between 

enzyme and substrate. The suspension was left submerge in a water bath at 60 ºC for 60 

min. The flask of suspension was submerged in an ice-water bath to cool to around 20 ºC 

to allow settling and to prevent further hydrolysis. The hydrolysate obtained was then 

separated from the residual lignocellulosic fiber by filtration through a 100 mesh sieve 

filter and centrifuge at 12 000 rpm for 15 min. The supernatant, refer as sago hampas 

hydrolysate (SHH) (Figure 1), was harvest and analyze for reducing sugars and glucose 

content (Analytical procedures) before being used in subsequent  

fermentation. 

 

 

 

 

 

Figure 1: Sago hampas hydrolysate (SHH) 
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3.4 Microorganism and Inoculum Preparation 

 

An instant dry baker’s yeast (Saccharomyces cerevisiae), labeled with Mauripan Baking 

Industry was used in this study. The instant dry baker’s yeast was poured carefully onto 

PDA plates that were prepared earlier. They were incubated at 30 ºC for 24 hours. After 

that, the yeast was streaked on new PDA agar plates for screening purposes. This was done 

in duplicate. Then, the PDA plates were incubated at 30 ºC in an incubator for 24 hours. 

After 24 hours, the yeast colonies on the PDA plates were streaked on YPG agar plates for 

isolation purposes. The YPG agar plates were also incubated at 30 ºC in an incubator for 

24 hours. The YPG agar plates were observed daily. The higher and faster growth yeasts 

were selected for further used and inoculated inside the inoculums medium which contains 

20 g/l glucose, 5 g/l yeast extract with working media volume 100 ml at pH 5.5-5.6 at 30 

ºC. The inoculums were centrifuged after 15 hrs, to obtain pellet of the yeast cell before 

being transferred into the fermentation media. 

 

3.4.1 Determination of yeast (Saccharomyces cerevisiae) growth profile  

One loop of the selected yeast was inoculated into 100 ml inoculums media with consist 20 

g/l glucose as carbon source and 5 g/L yeast extract in 250 ml shake flask (Figure 2). They 

were then incubated in an incubator shaker at 30 ºC and agitated at 100 rpm for 24 hours. 3 

ml of samples were withdrawn every 2 hours. Then, the samples were inserted into 

cuvettes to read the optical density (OD) of yeast cell at wavelength 600 nm using UV 

mini-1240 (SHIMADZU CORPORATION) Spectrophotometer. A graph of OD versus 

time was plotted which was the growth profiles of selected yeasts. 
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Figure 2: Inoculums media with consist 20 g/l glucose and 5 g/l yeast extract 

 

3.5 Fermentation medium preparation 

All fermentations were carried out in 250 ml shake flask with 100 ml working medium. 

The media for fermentation contained (g/L): peptone 1; KH2PO4, 2; CaCI2, 0.3; 

MgSO4.7H20, 0.3. The glucose source from SHH was used in all fermentation medium at 

concentration 30 g/l. There are three different nitrogen sources (urea, ammonium sulphate, 

yeast extract) has been used in the fermentation media with the working volume of 100 ml 

(Figure 3). The concentration of nitrogen added will be based on the following 

formulation (Ingledew, 1999) for urea, 0.8 g/l, yeast extract will be 2.1 g/l (act as a control) 

and ammonium sulphate will be 1.8 g/l. All the fermentation was carried out in 250 ml 

shake flask with 100 ml of working volume. Then, the fermentation medium was 

autoclaved at 121 ºC, 15 psi for 20 minutes. The pH for fermentation media is initially set 

at pH 5.5-5.6 and not controlled throughout the process. The temperature was set at 30ºC 

whereas agitation was control at 100 rpm. 
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Figure 3: Fermentation media using different nitrogen sources (ammonium sulphate,yeast extract and urea). 

 

3.6   Sampling 

An aliquot of 5 ml sample was aseptically withdrawn from fermentation shake flask inside 

the laminar air flow cabinet at every 4 hours until 24 hours for analysis later. The samples 

were kept at 4 ºC prior to analysis. 

 

3.7 Analytical methods 

 

3.7.1 Measurement of microbial growth 

According Vilanova et al., (2007), the measurement of yeast growth in the fermentation 

system was determined by optical density (OD) measurement at 600 nm. For this purpose, 

3 ml of fermentation sample was obtained for optical density measurement. This was done 

in duplicate readings to get the average of OD readings. 
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3.7.2 Determination of ethanol concentration and byproducts 

 

Sugars, ethanol, glycerol, lactic acid and acetic acid were determined by high performance 

liquid chromatography (HPLC) using a Shimadzu Chromatographic System (Shimadzu, 

Kyoto, Japan), were equipped with Shimadzu LC-20AT and Shimadzu RID-10A (Figure 

4). Supernatant portions of fermentation sample was obtained by centrifugation (10 000 

rpm, 15 min) and filtered through Nylon membrane (0.20 µm pore size) then was injected 

into an Aminex Fermentation Monitor column, 150 mm x 7.8 mm (Bio-Rad Laboratories, 

Hercules, CA, USA) maintain at 60 ºC. The mobile phase was 5 mM H2SO4 and the flow 

rate was set at 0.8 ml/min. All the standards are HPLC grade. The volumetric ethanol 

productivity, (Qp, g l-1 h-1) was calculated by ethanol concentration produce, (P, g l-1) 

divided by fermentation time giving the highest ethanol production ( Laopaiboon et al., 

2008).  

Figure 4: High Performance Liquid Chromatography (HPLC) Equipment. 




