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ABSTRACT 

The fossil fuels degrade abundantly since 21st century. The usages of fossil fuels tend to 

emit the greenhouse gases that effect to global warming as well human health. To 

overcome these problems, the bioethanol introduced by the researches to substitute the 

fossil fuels. Bioethanol is a bioenergy produced by yeast fermentation at several 

conditions compared to conventional fossil fuels.  Bioethanol is being studied because 

the unique properties and renewable fuels. The production of bioethanol in industrial scale 

involved high cost due to the usage of foods as sugar raw materials. Thus, this research 

is to evaluate the oil palm frond (OPF) juice as raw material for bioethanol fermentation. 

In this study, the bioethanol produces in shake flask by using Saccharomyces cerevisiae 

and OPF juice as medium component. Three parameters study are initial pH of medium, 

agitation speed, and OPF juice concentration. The best condition of parameters determine 

by the highest ethanol concentration produce. Inoculum prepared in shake flask to 

cultivate the yeast in medium growth and ferment in 250 ml shake flasks containing 

medium growth and beef extract. The flasks incubate in 48 hours, 12 hours interval for 

sample withdraw. The products analyse for sugar concentration and bioethanol 

concentration. The expected results for the best condition in bioethanol fermentation are 

in pH 7, 150 rpm agitation speed and 100% volume percentage of OPF juice 

concentration.   
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ABSTRAK 

 

Bahan api fosil telah menyusut secara mendadak sejak abad ke-21. Penggunaan bahan 

api fosil menghasilkan gas-gas rumah hijau yang mengakibatkan pemanasan global dan 

juga menjejaskan kesihatan manusia. Untuk mengatasi masalah ini, bioetanol telah 

diperkenalkan oleh para pengkaji untuk menggantikan bahan api fosil. Bioetanol 

merupakan bio-tenaga yang dihasilkan melalui proses penapaian atas syarat-syarat 

tertentu berbanding dengan bahan api konvensional. Bioetanol dikaji atas sebab sifat-sifat 

yang unik dan bahan api yang boleh diperbaharui. Penghasilan bioetanol dalam skala 

industri melibatkan kos yang tinggi kerana penggunaan bahan-bahan makanan sebagai 

bahan mentah. Oleh demikian, kajian ini dijalankan untuk menilai pelepah kelapa sawit 

sebagai bahan mentah bagi proses penapaian bioetanol. Dalam kajian ini, bioetanol 

dihasilkan dalam kelalang kon menggunakan Saccaromyces cerevisiae dan jus pelepah 

kelapa sawit sebagai medium komponen. Tiga parameter yang dikaji ialah pH awal 

medium, kelajuan pengocakkan, dan kepekatan jus pelepah kelapa sawit. Keadaan 

parameter yang terbaik bergantung kepada berapa banyak kepekatan bioetanol yang 

dihasilkan. Inokulum disediakan di dalam kelalang untuk membiak dalam medium 

pembiakan dan diampai dalam 250 ml kelalang yang mengandungi medium pembiakan 

dan ekstrak daging. Kelalang-kelalang tersebut diperam selama 48 jam, di mana setiap 

12 jam sampel diambil. Produk-produk ini menilai kehadiran kepekatan gula dan 

kepekatan bioetanol. Hasil yang dijangka bagi keadaan yang terbaik dalam penapaian 

bioetanol ialah dalam pH 7, 150 rpm dan 100% kepekatan jus pelepah kelapa sawit.  
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1 INTRODUCTION 
 

1.1 Motivation and statement of problem 

The fossil fuels are non-renewable. They are limited in supply and will one day be 

depleted. There is no escaping this conclusion. Fossil fuels formed from plants and 

animals that lived hundreds of millions of years ago and became buried way 

underneath the Earth’s surface where their remains collectively transformed into the 

combustible materials we use for fuel. For example, petroleum is the source of about 

170 quadrillion BTUs or quad of energy of more than 460 quads the world uses, far 

more than derived from other sources (Zhang et al., 2011). 

The negative global warming impact of fossil fuels, volatile oil price and political 

unstable in oil exporting countries resulted in a significant increase in international 

interest in alternative fuels and led policy makers in the world to issue ambitious goals 

for substitution of alternative for convention fuels (Zhang et al., 2011). Besides that, 

the great dangers posed to natural ecosystems that result from collecting fossil fuels, 

particularly coal and oil. Oil spills have devastated ecosystems and coal mining has 

stripped lands of their vitality. This is the primary reason to discontinue the pursuit to 

tap the vast oil reserves in the Arctic National Wildlife Refuge (ANWR). 

In other to reduce the side effects of fossil fuels, the alternative energy is the best 

choice. One of the alternative energy is bioenergy, produced from the biological 

process. Examples of sources of bioenergy include wood and sawmill waste, charcoal, 

biogas resulting from the anaerobic decomposition of waste, as well as liquid biofuels, 

such as bioethanol and biodiesel. Bioethanol made biologically by fermentation from 

a variety of biomass sources is widely recognized as a unique transportation fuel and 

original material of various chemical with powerful economic, environmental and 

strategic attributes (Zhang et al., 2011). 

Nowadays, the studies of bioethanol is become interest in researchers. The production 

of fermentation by using sugar from sugar canes, grains, sweet potatoes and corn-

starch are been commercialised. Since the sugar source is come from the food starch, 

the cost of the fermentation is high. The use of renewable resource such as agricultural 
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and agro based-industry wastes as raw material for the fermentable sugars can help to 

reduce the production cost and the dependence on food crops (Zahari et al., 2012). 

Thus, the raw material used in this study is wastes based from oil palm industry which 

is oil palm frond. 

Oil palm contains abundant of sugar composition in all of the parts. Sulaiman et al. 

(2012) cited that the oil palm trunk (OPT) is contains higher sugar composition rather 

other part of oil palm. Thus, the OPT is the main raw material for ethanol fermentation. 

The OPT sap been hydrolysed to obtain sugar i.e. glucose and xylose (Yeoh et al., 

2001) but recently the sap is simply pressed (Kosugi et al., 2010). This step is simple 

compared to OPT sap hydrolyse. 

In addition, the composition of sugar in oil palm frond (OPF) is similar as the sugar 

composition in OPT. The production of sugar from dried OPF fibre involving the 

conversion of cellulose and hemicellulose into glucose and xylose through 

hydrothermal treatment followed by enzymatic hydrolysis, use of high temperature 

and pressure, and also cellulose enzymes. However, the renewable sugars can be 

obtained from OPF simply by pressing the fresh OPF to obtain the juice as cited by 

Zahari et al. (2012). To the best of our knowledge, there is no research has been done 

by any researcher to optimize the bioethanol production from OPF juice especially 

using statistically design of experiment (DOE). 

1.2 Objectives 

The aim of this research is to produce higher production of bioethanol by evaluate the 

potential of bioethanol production from OPF juice. The objectives are: 

(i) To study the effect of process parameters (pH, agitation speed and OPF 

juice concentration) for the production of bioethanol from fermentation 

using OPF juice 

(ii) To evaluate the best condition for the production of bioethanol in term of 

yield and productivity from fermentation using OPF juice as renewable and 

sustainable substrate. 
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1.3 Scope of this research 

In order to achieve the stated objectives, the following scopes have been identified: 

i) To evaluate the feasibility of OPF juice as a direct substrate for bioethanol 

production by using yeast Saccharomyces cerevisiae. 

ii) Three main factor affecting bioethanol productions from literature studies 

are using lab scale experiment. Experiments are carried out as a function of 

initial pH, agitation rate, and percentage of OPF juice. 

iii) To identify the ethanol yield and productivity of each parameter given. 

1.4 Main contribution of this work 

The significant of study obtained by researchers is reducing the high cost of raw 

material used. This is because, currently ethanol are produced from food as raw 

material such as sugar canes, corns, sweet potatoes and cassava. Therefore, by using 

biomass from oil palm can reduced the production cost as well as dependence on the 

food corps. 

Then, the usage of bioethanol as new potential source compared to fossil fuel can 

reduced the amount of carbon dioxide (CO2), carbon monoxide (CO), hydrocarbon and 

particulate matter with aid of oxygen and no aromatics compound such as sulphur 

content emitted into atmosphere. Thus, the greenhouse effect also been reduced. 

The research also tends to optimise all part of the oil palm biomass. This is very 

important because it can help to reduce the amount of biomass generated from palm 

oil industry. The OPF also appropriate as sugar raw material in similar fermentation, 

as using empty fruit bunches. 

1.5 Organisation of this thesis 

The structure of the reminder of the thesis is outlined as follow: 

Chapter 2 provides a description the bioethanol, its properties, world production, 

market demand, as well as production method. The description of oil palm, its biomass 

production involves the increasing of waste product, and importance of the OPF 

consisting of the sugar composition as suitable raw material for ethanol fermentation. 
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Chapter 3 gives a review of the experimental design of the research, beginning from 

the OPF juice preparation, followed by fermentation of OPF juice depending to the 

parameter setting. The sample taken each 12 hour interval for 48 hours. The sample 

then analyse by using gas chromatography (GC-FID) for bioethanol determination. 

Chapter 4 is devoted to a highest production of the bioethanol based on the parameter 

setting. The peak area of the sample recorded from CG-FID converted into the product 

concentration via the standard curve of bioethanol prepared. In this chapter also 

discuss about the effect of the parameter used in bioethanol fermentation. 

Chapter 5 draws together a summary of the thesis and outlines the future work which 

might be derived from the potential of bioethanol production. 
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2 LITERATURE REVIEW 
 

2.1 Overview 

This chapter discussed about the bioethanol and its properties. This included the world 

production of the bioethanol, the market demand, and method used in order to produce 

bioethanol. This also discussing about oil palm and biomass that produced from oil 

palm. Based from the biomass discussed, the oil palm frond has introduce. The sugar 

composition from the oil palm frond is found and available as raw material for the 

bioethanol production. 

2.2 Bioethanol 

Bioethanol (ethyl alcohol, grain alcohol, CH3-CH2-OH or EtOH) is a liquid biofuel 

which can be produced from several different biomass feed stocks and conversion 

technologies (Balat et al., 2008). Bioethanol is an attractive alternative because it is a 

renewable bio based resource and it is oxygenated thereby provides the potential to 

reduce particulate emissions in comparison ignition engines.  The properties of ethanol 

are shown in Table 2.1. 

Table 2.1: Characteristics and properties of ethanol 

Molecular formula Units Values 

Molar mass g/mol 46.07 

Density g/cm 0.789 

Melting point oC -114 

Boiling point oC 78.37 

Vapour pressure kPa (at 20oC) 5.59 

Acidity (pKa) - 15.9 

Basicity (pKb) - -1.9 

Refractive index (nD) - 1.36 

Viscosity Pa.s (at 20oC) 0.0012 

Dipole moment - 1.69 D 

 

Bioethanol has a higher octane number, broader flammability limits, higher flame 

speeds and higher heats of vaporisation than gasoline. Bioethanol also possesses a high 

octane fuel, subsequently has replace lead as octane enhancer in petrol (Taherzadeh, 

1999).  Some of properties of alcohol are shown in Table 2.2 (Balat et al., 2008). 
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Table 2.2: Some properties of alcohol fuels 

Fuel property Isoctane Methanol Ethanol 

Centane number - 5 8 

Octane number 100 112 107 

Auto-ignition temperature (K) 530 737 606 

Latent heat of vaporisation (MJ/kg) 0.26 1.18 0.91 

Lower heating value (MJ/kg) 44.4 19.9 26.7 

 

Bioethanol is widely used for strong alcoholic drinks production and to less degree for 

medical or pharmaceutical purposes. Nowadays it also represents an important, 

renewable liquid fuel for motor vehicles and in mixtures with gasses, substitute for 

natural gas (Ranković et al., 2009). Cheng et al. (2002) mention the bioethanol is one form of 

renewable energy source that is fast gaining foothold as potential fuel of power automotive 

engine. 

2.1.1 World Production of Bioethanol 

Bioethanol is the most widely used liquid biofuel. The largest producers in the world 

are United States, Brazil, and China. Production of bioethanol from sugar cane in 

Brazil accounted nearly 18% of the country’s automotive fuel needs in 2004 (Petrova 

and Ivanova). 

In 2006, global production of bioethanol reached 13.5 billion gallons up to from 12.1 

billion gallons in 2005 (Balat et al. 2008). World ethanol production (all grades) has 

been reached a record 62×109 litre in 2007, with the United States and Brazil as 

dominant producers (approximately 70%) (Licht, 2008). 

In 2009, the US produced 39.5×109 litres of ethanol using corn as a feedstock while 

the Brazil created about 30×109 litres of ethanol using sugar cane (Petrova and 

Ivanova, 2010). Balat et al. (2008) stated that 90% of bioethanol is derived from corn 

in United States and all the Brazil’s bioethanol is produced from sugar cane. The top 

ten bioethanol produces are presented in Table 2.3.  
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Table 2.3: The top ten bioethanol producers (billion gallons) 

Country 2004 2005 2006 

USA 3.54 4.26 4.85 

Brazil 3.99 4.23 4.49 

China 0.96 1.00 1.02 

India 0.46 0.45 0.50 

France 0.22 0.24 0.25 

Germany 0.07 0.11 0.20 

Russia 0.20 0.20 0.17 

Canada 0.06 0.06 0.15 

South Africa 0.11 0.10 0.10 

Thailand 0.07 0.08 0.09 

 

Balat et al. (2008) cited that any country with a significant agronomic based economy 

can used current technology for bioethanol fermentation due to technology for 

bioethanol production from non-food plant sources has been developed to the point at 

which large scale production will be reality in the next few years (Lin et al., 2006). 

2.1.2 Market Demand 

The potential bioethanol production could replace 353 billion litres of gasoline (32% 

of the global gasoline consumption) when bioethanol is used in E85 fuel for a midsize 

passenger vehicle (Balat et al., 2008). The demand for bioethanol is expected to 

increase dramatically until 2020. The US oil imports will be reduced by nearly 4 billion 

barrels over that time since the US signed an executive order specifying a tripling in 

the production of bio based products and bioenergy by the year 2010 (Patrova and 

Ivanova, 2010). 

Efforts to decrease greenhouse gas emissions are expected to spur the production of 

renewable energy sources by 6% within the European Union by 2010 (Zaldivar et al., 

2001). In France, the approval of a clean air act could increase ethanol production to 

500 million litres. Similar projects in Spain, Sweden and Netherlands are expected to 

increase the utilization of ethanol to account for 15% of transportation fuels by 2010 

(Mansson and Foo, 1998). The EU market for fuel ethanol will grow considerably in 

coming years, as a result of the EU policy to substitute 8% of fossil transport fuels by 

renewable biofuels by the year 2020. Balat et al. (2008) cited that the potential demand 

for bioethanol as fuel for transportation in EU countries, calculated on the basis of 
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Directive 2003/30/EC, is estimated at about 6 billion litres in 2006 and 12.7 billion 

litres in 2010. 

Meanwhile in Brazil, most of the bioethanol is used domestically substituting 40% of 

Brazilian petrol consumption and approximately 20% is exported to the United States, 

EU and other markets (Balat et al., 2008). 

2.1.3 Method Production 

Typically, researches on the method production are depending on the availability of 

raw material in that used. Table 2.4 showed the researches on bioethanol from the 

different material. 
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Table 2.4: Research of bioethanol from different raw material 

Raw material/carbon source Pre-treatment Strain Maximum yield of 

ethanol (g/l) 

Time (h) Reference 

Cow’s whole milk Boiled for 20 minutes 

and cooled, followed by 

filtering and sterilised 

Kluyveromyces 

marxianus strain 

NCIM 3551 

19 32 Gupte and Nair 

(2010) 

Empty fruit bunches Dilute alkaline pre-

treatment, followed by 

mild acid hydrolysis 

and enzymatic 

saccharafication 

Saccharomyces 

cerevisiae strain 

ATCC 24860 

50 72 Kassim et al. 

(2011) 

OPT sap No Saccharomyces 

cerevisiae Kyokai no. 

7 

30 48 Kosugi et al. 

(2010) 

Sweet potato Mash the potato and 

liquefaction 

Saccharomyces 

cerevisiae strain 

CCTC M206111 

128.51 30 Zhang et al. 

(2011) 

Spirogyra Washed with water and 

dried for three days. 

Mashed with 5:1 

aquadest with aquadest 

in Spirogyra, sterilised 

and hydrolysed  

Saccharomyces 

cerevisiae and 

Zymomonas mobilis 

9.70 96 Sulfahri et al. 

(2011) 

Ziziphus mauritiana 6 days drying and gently 

crushed 

Saccharomyces 

cerevisiae strain 

NA33 

70 168 Togarepi et al. 

(2012) 
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Refer to Table 2.4, the raw material that used are cow’s whole milk (Gupte and Nair, 

2010), empty fruit bunches (Kassim et al., 2011), OPT sap (Kosugi et al., 2010), sweet 

potato (Zhang et al., 2011), Spirogyra (Sulfahri et al., 2011) and Ziziphus mauritiania 

(Togarepi et al., 2012). However, various pre-treatments such as mechanical and steam 

pre-treatments are needed in order to loosen up the lignocellulosic structure (Zahari et al., 

2012). All the research above used in batch system. 

Based on Table 2.4 also, the research used similar yeast yet differs in strain types i.e. S. 

cerevisiae strain ATCC 24860 (Kassim et al., 2011), Kyokai no. 7 (Kosugi et al., 2010), 

strain CCTC M206111 (Zhang et al., 2011) and S. cerevisiae strain NA33 (Togarepi et 

al., 2012). Moreover the other research used the different yeast or microorganism for 

bioethanol production i.e. Kluyveromyces marxianus strain NCIM 3551 (Gupte and Nair, 

2010), and Zymomonas mobilis (Sulfahri et al., 2011). Most of the yeast cells used suffer 

from various stresses, including environmental stress during ethanol fermentation such as 

glucose concentration, nutrient deficiency, temperature, rate of agitation and pH (Graves 

et al., 2006; Arisra et al., 2008; Yah et al., 2010). 

2.3 Oil Palm 

The oil palm tree (Elaeis guineensis) is indigenous to the tropical forest in West Africa. 

The oil palm tree has become one of most valuable commercial cash corps in Malaysia, 

due to increase from 3.37×106 hectares in 2000 to 4.50×106 hectares in 2005. In 2010, 

4.85 million hectares planted in Malaysia. Thus, the amount of planting the oil is creating 

a significant biomass that can be converted into an add value products (Sulaiman et al., 

2012). 

The development of the oil palm plantation in Malaysia had grown increasingly up until 

the end of the twentieth century. Malaysia and Indonesia have become dominant in the 

trade and have begun producing a great deal of palm oil and palm kernel oil in this 

century. Almost 80% of the world oil palm plantation centres in Southeast Asia. Most of 

plantation occurring in Malaysia and Indonesia, 260,000 hectares planted in Thailand and 

the rest in the Philippines, Cambodia and Myanmar (Sulaiman et al., 2012). The 

plantation area in Malaysia and Indonesia in 2007 was 4,304,913 hectares, and nearly 7 

million hectares respectively (Kosugi et al., 2010). 
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Total exports of oil palm products increased from 22.43 million tons in 2009 to 23.06 

million tons in 2010 (Sulaiman et al., 2012). Meanwhile, Kosugi et al. (2010) stated that 

the combined palm oil production in Malaysia and Indonesia accounts for approximately 

88% of the worldwide production. 

The factors that led to expansion of the harvesting area in Southeast Asia are the 

increasing in the consumption of dietary oils and fats in China and India, as well as 

strengthened the market price of palm oil and kernel oil, tend to encourage investors to 

develop plantations in the large areas of suitable land found in Peninsular Malaysia, 

Islands of Sumatra and Borneo (Sulaiman et al., 2012). 

 
Figure 2.1: Oil palm tree  
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2.4 Biomass 

Biomass refers to any organic plant product that has general uses. The amount of biomass 

produces is 30 million tonnes in empty fruit bunches (EFB), oil palm trunks, and oil palm 

fronds. The trunks and fronds are obtained from palm growing and plantation, meanwhile 

empty fruit bunches, fibre, shell, and effluent are obtained from oil palm processing 

(Sulaiman et al., 2012). 

Malaysia produces a large amount of residues due to increasing global demand for palm 

oil. The abundant oil palm biomass will produce. The research on oil palm biomass has 

begun to help reduce oil palm biomass waste and at the same time, increase the economic 

return to the country. The oil palm industry produces 85.5% of biomass in Malaysia 

(Sulaiman et al., 2012) widely used for industrial purposes, foods, and recently has been 

reconsidered as a material for the production of biodiesel and bio plastics (Kosugi et al., 

2012). 

Kassim et al. (2011) mentioned that biomass can be varied promising alternative source 

of renewable energy. The utilization of biomass also offers an environmentally friendly 

way of disposing the unwanted by-products generated from oil palm mills. 

2.5 Oil Palm Frond 

Oil palm (Elaeis guineensis) for palm oil production needs to be replanted at an interval 

of 20 to 25 years in order to maintain oil productivity (Kosugi et al., 2010). Sulaiman et 

al. (2012) states that the oil palm fronds are available when the economic lifespan of the 

palm reaches at time replanting. The average age of replanting is 25 years approximately. 

Zahari et al. (2012) cited that the most generated oil palm biomass is oil palm frond 

(OPF), which amounted to 83 million tonnes (wet weight) annually. OPF is obtained 

during pruning for harvesting fresh fruit (FFB), therefore it is available daily. 
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Figure 2.2: Oil palm frond juice and its composition (National Biomass Strategy 2020, 

2011) 

2.6 Chemical Composition in Oil Palm Frond 

The OPF contains high dietary fibre (21%) and carbohydrate (28%), with low crude 

protein of 3.2% (Zahari et al., 2012). The cellulose, hemi-cellulose, and lignin contents 

of the fresh OPF in this study were 41.7%, 16.4% and 15.5%, respectively. Since the fresh 

OPF has high holocellulose content, the potential amount of renewable sugars from OPF 

can be increased if saccharification is done to further enhance the sugar yield from the 

fibre. 

Table 2.5 shows the nutrients and metallic elements in the OPF and OPF juice. The OPF 

and OPF juice contained high percentage of carbon, i.e. 49% and 39% respectively. The 

high carbon content in the OPF juice indicates its suitability as a renewable carbon source 

for the production of value-added product such as bioethanol, lactic acid and biobutanol 

through bacterial fermentation. In addition, the metal concentration in the OPF and OPF 

juice also shown in Table 2.5. The result shows low heavy metals concentration (<100 

ppm) in the OPF juice, showing its suitability as fermentation feedstock.  
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Table 2.5: Nutrient and metallic elements in OPF and OPF juice 

Analysis Fresh OPF OPF juice 

N (%) 0.9 0.8 

C (%) 49 39 
#OC (%) 37 29 

   

Composition of nutrients and metal elements 

S (%) 0.2 0.4 

P (%) 0.02 0.02 

K (%) 0.2 2.3 

Ca (%) 1.4 2.9 

Mg (%) 0.2 0.5 

B (ppm) 4 2 

Mn (ppm) 61 2 

Cu (ppm) 2 2 

Fe (ppm) 100 66 

Zn (ppm) 3 9 
# Organic carbon 

Data is the mean of duplicate samples 

 

Table 2.6 shows the comparison of sugar concentration between OPF juice (Zahari et al., 

2012) and oil palm trunk (OPT) sap (Kosugi et al. 2010). As shown in Table 2.6, the 

amount of sugars in OPF juice is 76.09±2.85 g/l. Glucose was the major sugar component 

in OPF juice at 53.59±2.86 g/l, sucrose at 20.46±1.56 g/l and fructose at 1.68±0.75 g/l. 

Meanwhile, the sugar composition in OPT sap is 59.5±5.6 g/l. Similar to OPF juice, 

glucose was the major component in OPT sap at 50.2±2.8 g/l, followed by sucrose at 

3.8±0.5 g/l and fructose at 3.1±1.3 g/l and the other sugar composition shown in Table 

2.6. The presence of sugar in OPF and OPT was expected due to the photosynthesis 

process. 
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Table 2.6: Composition of sugar in OPF juice and OPT sap 

Sugar OPF juice OPT sap# 

Fructose (g/l) 1.68±0.75 3.1±1.3 

Glucose (g/l) 53.95±2.86 50.2±2.8 

Sucrose (g/l) 20.46±1.56 3.8±0.5 

Xylose (g/l) - 1.0±0.4 

Galactose (g/l) - 0.9±0.4 

Rhamnose (g/l) - 0.5±0.2 

Total (g/l) 76.09±2.85 59.5±5.6 
# Average of sugars composition in OPT sap 

The total amino acids in OPF juice were 17.41 µg/g, with serine (111.0 µg/g), glutamic 

acid (22.7 µg/g) and proline (27.1 µg/g) as major amino acids. The amino acid 

composition is almost similar to that of OPT sap reported by Kosugi et al. (2010). 

2.7 Summary 

As conclusion, the bioethanol is sustainable for fossil fuel replacement due to the 

properties and renewable energy. The world production of bioethanol held in American 

region and market demand in both American region and Europe this the proof for the 

availability of bioethanol usage especially as fuel. Therefore, the research held the 

research of bioethanol by using food as a raw material. However, this raw material tend 

to increase the cost of fermentation. Thus, the researcher introduce the biomass as raw 

material. The oil palm produce abundant of biomass such as EFB, OPT, OPF and so on. 

Since the OPF not expose yet as raw material, the previous researcher held the experiment 

to verify the sugar composition in OPF. Zahari et al. (2010) proof the presence of the 

sugar composition in OPF juice and the composition is slightly similar with OPT sap. So, 

the OPF is sustainable as raw material for bioethanol production. 
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3 MATERIALS AND METHODS 
 

3.1 Overview 

This chapter discusses more about the methods and procedures imply in all experiments 

including preparation of medium, reagent and also analytical method. The experiment is 

divided into three major parts, which are the effect of pH study, the effect of agitation 

speed study and the effect of oil palm frond juice study. The fermentation of oil palm 

frond juice by yeast strain studies in incubator shaker. All the fermentation conducts in a 

250 ml shake flask seal with a rubber stopper and a one-way air valve before purging with 

nitrogen gas to ensure the anaerobic conditions in a flask maintain. Figure 3.1 shows the 

overall process in this research. 

 
Figure 3.1: Overall process of bioethanol fermentation from OPF juice by S. cerevisiae 

Kyokai no. 7 

3.2 Chemicals and Reagents 

All the chemicals used in this study were analytical grade except for HPLC and GC-FID 

measurement (HPLC grade). Medium agar and nutrient were purchased from Sigma-

Aldrich (Malaysia) whereas standard sugar was obtained from Daejung Chemicals 

(Taiwan). 

Gas chromatography

Analysis

Bioethanol

Fermentation study

Effect of pH Effect of agitation speed Effect of OPF juic concentration

Inoculum preparation
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3.3 Microorganism 

The strain employed throughout these studies is an industrial sake brewing strain, 

Saccharomyces cerevisiae Kyokai no. 7 (ATCC 26422) obtained from the American 

Type Culture Collection. The strain is maintained by regular sub culturing on YPD agar 

medium (in g/l: agar 20, yeast extracts 1.5, peptone 1.5 and dextrose 20) every five weeks. 

3.4 Inoculum Preparation 

Inoculums of yeast strain S. cerevisiae Kyokai no. 7 (ATCC 26422) is prepared in 500 

ml flask containing 250 ml of medium (enriched with NaCl 5 g/l, peptone 5 g/l, yeast 

extracts 1.5 g/l) and vented with cotton wool to allow aeration. Flasks are incubated for 

24 hours at 30 OC and 150 rpm. This inoculums preparation applied in all parts of the 

experiment. 

3.5 Production Medium 

The production medium composition use in fermentation by using S. cerevisiae as 

microorganism and OPF juice as substrate are sodium chloride (NaCl) 5 g/l, peptone 5 

g/l, beef extracts 1.5 g/l and yeast extracts 1.5 g/l. This medium inserts 100 ml into 250 

ml Erlenmeyer flask. 

3.6 Instrumentation Setup 

Gas chromatography Agilent Technologies (6890 Series) equipped with a flame 

ionization detector (FID) was set up to determine ethanol concentrations. The column 

used was HP-INNOWax Polyethylene Glycol (30 m x 250 µm x 0.25 μm nominal). The 

oven temperature and injector and detector temperature are 70 °C and 250 oC respectively. 

Initial temperature 70 °C held for 4 min, rate of increase 20 °C/min until 120 °C min held 

for 2 min). The carrier gas was helium at a flow rate of 45 ml/min.  

3.7 Experimental Design 

3.6.1 Fermentation of OPF Juice by Yeast S. cerevisiae 

Flask containing 100 ml of total working volume, including 10 %v/v of inoculum is 

incubated at 30oC and agitation rate 150 rpm to check the ability of yeast to convert OPF 

juice to bioethanol. Temperature and agitation rate control using incubator shaker. The 



 
 

18 

incubation carries out 48 hour. Samples are withdrawn aseptically at 12 hour intervals to 

measure ethanol yield and total sugar. The medium of OPF juice before and after 

fermentation were compared to check for existence of ethanol compound. 

3.6.2 Effect on Initial pH 

The first series of experiment is to determine the effect of initial pH on ethanol 

production. The range of pH used is pH 4, 6, 7, and 8. Initially, the pH of OPF juice 

adjusts using 1M hydrochloric acid (HCl) or 1M sodium hydroxide (NaOH) prior to 

inoculate with standardized S. cerevisiae. The samples incubated at 30oC with an agitation 

speed of 180 rpm, OPF juice of 50%, and pH 7. 

3.6.3 Effect on Agitation Speed 

The second series of experiment is to determine the effect of agitation speed on ethanol 

production. The OPF juice incubate in different rates of agitation, i.e., 150 rpm, 180 rpm 

and 210 rpm at 50% of OPF juice, pH 7 and temperature of 30oC. 

3.6.4 Effect of OPF Juice Concentration 

The third series of experiment is to determine the effect of OPF juice concentration on 

ethanol production. The OPF juice incubate in different concentration, i.e. 25%, 50% and 

100% of OPF juice at agitation speed of 180 rpm, pH 7 and temperature of 30oC. The 

parameters to be studied are summarised in Table 3.1. 
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Table 3.1: Parameter that to be studied in this research. 

Parameter Parameter Value 

pH 

4 

6 

7 

8 

Agitation speed (rpm) 

150 

180 

210 

OPF juice concentration (v/v percentage) 

25 

50 

100 

 

3.8 Products Analysis 

Internal and External Standard Preparation 

n-propanol (1 %v/v) has been used as solvent or internal standard in all samples. Internal 

standard is being used as a reference standard for normalization of ethanol peak and also 

to mark the peak of ethanol in the chromatogram by relative retention time. It is 

previously diluted from 99.8 %v/v of HPLC grade n-propanol. For external standard, 

ethanol prepares in 5-30 g/l of concentration. 

GC- FID Sample Preparation 

Samples are prepared in the vial by filtering with 0.20 μm nylon filter. Peak of ethanol 

observed at Rt =2.985 min convert to the concentration term (g/l) using previous obtained 

standard curve. 

3.9 Summary 

This chapter present about the method and procedure implies in the bioethanol 

fermentation. The method implies in this fermentation process including the inoculum 

process for Saccharomyces cerevisiae Kyokai no. 7, the fermentation of OPF juice 

concentration according to the parameter used and the sample taken each 12 hour intervals 

for 48 hours fermentation. The sample then analyse by using GC-FID to determine the 

presence of bioethanol for each intervals. In this chapter also describe about the chemical 
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and reagent, the microorganism, the inoculum preparation, production medium and 

instrumentation setup used in bioethanol production.  
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4 RESULT AND DISCUSSION 
 

4.1 Overview 

This chapter shows the result obtain from the experimental design in previous chapter. In 

this chapter, the standard curve of bioethanol production introduced to determine the 

bioethanol from the sample taken. The effect of each parameters shows in form of 

tabulated data and graph for trending of each parameters, as well as briefly explanation 

and discussion for each trend in parameters that study. 

4.2 Standard Curve of Bioethanol 

The standard bioethanol curve is derived from the standard bioethanol that concentrated 

from 5 to 30 g/l. The standard curve consist of the correlation between peak area of 

bioethanol detected from GC-FID and the concentration of the standard bioethanol via 

graphic method. Table 4.1 shows the peak area and the concentration of standard 

bioethanol prepared while Figure 4.1 show the relationship between peak area and the 

concentration of bioethanol prepared. 

Table 4.1: Standard concentration of bioethanol and the peak area of bioethanol after 

analysing by GC-FID. 

Bioethanol (g/l) Peak Area (pA*s) 

5 222 

10 429 

15 641 

20 847 

25 1047 

30 1283 
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Figure 4.1: The correlation between the standard bioethanol concentration and the peak 

area. 

Since the graph is precise and hit all the point, thus there is almost no error in this 

correlation. Therefore, the concentration of bioethanol in the sample also will precise as 

well. 

This correlation meant for all the effect of the parameters that studied due to the 

bioethanol that detected from GC-FID used in term of peak area. Thus, the correlation 

able to applied in the bioethanol production to determine the concentration of bioethanol 

present in the sample for each effect of parameters. 

4.3 Effect on Initial pH 

The effect of initial pH has been reported to show a significant influence on fermentation, 

mainly on yeast growth, fermentation rate and by-product formation reported by 

Caudhary and Qazi (2006), Sheela et al. (2008), and Mandikandan et al. (2008). Thus, 

the initial pH setting as pH 4, 6, 7 and 8 via HCl and NaOH for both medium and OPF 

juice. The bioethanol concentration determine for all samples collected at 12 hour interval 

for 48 hours. Table 4.2 shows the bioethanol concentration for each sample collected and 

Figure 4.2 shows the bioethanol profile for the effect of initial pH. 
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Table 4.2: Effect on initial pH of medium on bioethanol production. 

Time (h) Bioethanol concentration (g/l) 

pH 4 pH 6 pH 7 pH 8 

0 0.147 2.473 0.427 0.425 

12 2.290 1.843 6.267 4.901 

24 8.339 3.680 24.097 12.932 

36 22.185 3.799 29.596 17.832 

48 24.922 4.996 29.665 18.530 

 

 
Figure 4.2: Bioethanol profile for the effect of initial pH medium. 

The highest bioethanol production for the effect of initial pH medium is in pH 7, up to 

29.67 g/l followed by pH 4, pH 8 and pH 6 which are 24.92 g/l, 18.53 g/l and 4.996 g/l 

respectively. The result is supported with other studies reported that yeast grows and 

fermentation process best in natural or slightly acidic environment (Noor et al., 2005; 

Manikandan et al., 2008). 

Kassim et al. (2010) mention that the most suitable initial pH for bioethanol production 

is in pH 4. This statement supported by other studies that mentioned the highest 

bioethanol production is in pH 4 for initial pH of medium (Periyasamay et al., 2009; 

Satyanagalakshmi et al., 2011; Vaithanomsat et al., 2009). According to Buzas et al. 

(1989), the optimum pH value for S. cerevisiae is in range of 4.2 to 4.8. However, this 

statement is contradict with the result shown due to indifference between the fermentation 

process conducted at pH 5.4 and pH 4.7 (Putri Faridatul and Puad, 1991) supported by 
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Wilkinson and Rose (1963) stated insignificant difference between fermentation yields 

conducted in pH range between 2.4 to 8.6. 

The bioethanol production high when the pH value is lower. The lower bioethanol 

productivity may be due to the lower metabolic rate of cell yeast used (Mariam et al., 

2009). According to Munene et al. (2002), increasing of pH value in the molasses 

hydrolysate will reduce alcohol hydrogenase activity in S. crevisiae cell and lead to the 

formation of acidic acid instead of bioethanol in the process. The different strain also 

contribute the optimum pH for bioethanol production. 

4.4 Effect on Agitation Speed 

Mechanical agitation also plays an important role for bioethanol production, yeast cell 

viability and uniform mixing cell and nutrient within the medium components during the 

fermentation (Boswell et al., 2002; Noor et al., 2003; Arisra et al., 2008). The agitation 

speed is setting to 150 rpm, 180 rpm and 210 rpm. Table 4.3 shows the bioethanol from 

each sample in 48 hours at 12 hour interval and Figure 4.3 illustrate the bioethanol profile 

for each value of agitation speed. 

Table 4.3: Effect on agitation speed on bioethanol production. 

Time (h)   Bioethanol concentration (g/l) 

rpm 150 rpm 180 rpm 210 

0 1.584 1.228 1.603 

12 18.587 5.771 2.791 

24 24.632 12.842 19.212 

36 27.792 19.495 17.737 

48 25.654 19.735 19.348 
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Figure 4.3: Bioethanol profile for the effect of agitational speed. 

The highest bioethanol production is 27.79 g/l in 150 rpm at interval of 36 hour, followed 

by 180 rpm and 210 rpm which are 19.74 g/l and 19.21 g/l at interval of 24 hour 

respectively. Kassim et al. (2010) studied the effect of the agitation speed from 50 rpm 

to 150 rpm. Thus, this statement is in agreement with Noor and Hameed (1999) cited the 

bioethanol production yield using mechanical agitation was higher than without or lower 

agitation speed. However, this study consist the agitation speed above 150 rpm. Since the 

OPF juice concentration is constant, the viscosity of medium is constant and unaffected 

to bioethanol production. So, the increasing of agitation speed above to 150 rpm reduced 

the bioethanol production due to the turbulence of medium will create the shear force that 

cause the cells break down. Stountenburg et al. (2008) mentioned for the batch 

fermentation of wood hydrolysate by Pichia stipitis indicated the highest bioethanol 

production was obtain in 150 rpm with 0.37 g/g glucose after 72 hours fermentation. 

4.5 Effect on OPF Concentration 

The OPF concentration also contribute an important role for bioethanol production. Thus 

the OPF concentration is setting to the % v/v of 25, 50 and 100. Table 4.4 shows the 

bioethanol concentration from each sample in 48hours at interval of 12 hour and Figure 

4.4 illustrate the bioethanol profile for each value of OPF concentration. 
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Table 4.4: Effect on OPF juice concentration (% v/v) for bioethanol production. 

Time (h) Bioethanol concentration (g/l) 

25% 50% 100% 

0 0.275 0.215 0.569 

12 3.221 7.329 5.982 

24 10.722 17.333 21.420 

36 7.470 26.319 45.363 

48 12.017 27.312 41.307 

 

 
Figure 4.4: Bioethanol profile for the effect on OPF juice concentration 

The highest bioethanol production is 45.36 g/l in 25% of OPF juice concentration at 

interval of 36 hour. This followed the OPF juice concentration of 50%, and 25% 

respectively with the bioethanol concentration of 27.31 g/l, and 12.02 g/l respectively. 

The bioethanol depend to the OPF juice concentration according to Figure 4.4 shows the 

carbon source from the OPF juice is indeed the nutrient for yeast fermentation process 

and tend to consume abundant of carbon source to convert to bioethanol in absent of 

oxygen (Cheng et al., 2002). This supported by Ranković et al. (2009) stated the 

increasing of fermentable sugars content from 5 to 13% (w/w), bioethanol yields increase 

for both applied substrates (thin juice and molasses). According to Imam and Capareda 

(2011), the maximum bioethanol production (% v/v) was 8.5 for V-1 and 9.5 for V-2 due 

to the different composition of carbon source for both V-1 and V-2. 
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4.6 Summary 

The chapter concluded with an importance of standard curve of bioethanol for 

determination of bioethanol concentration for each effect of parameters study. The effect 

of each parameters study able to determine from the correlation between the peak area 

and the bioethanol concentration. The bioethanol production is supposed decreased 

according to the increasing value of pH for the effect of initial pH due to the different 

strain used from other research study and inaccuracy of pH adjustment. For the effect on 

agitation speed, the production of bioethanol is decreasing when the value of agitation 

speed increased because the presence of shear force in medium tend to break down the 

cells in medium. Then, the bioethanol production increased according to increase of OPF 

juice concentration due to the increasing of carbon source present in the OPF juice. 

Finally, the best parameter for the bioethanol production is in pH 7 for initial pH medium, 

agitation speed of 150 rpm, and 100% of OPF juice concentration. 
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5. CONCLUSION 

5.1 Conclusion 

The OPF contain the composition of sugar or carbon source similar as OPT sap. So, the 

OPF also be able to become raw material of the bioethanol fermentation. The OPF juice 

obtained from the pressing the OPF and proceed to the further research. 

In this research, the parameters used are pH, agitation speed and OPF juice concentration. 

The bioethanol production is highest in the yeast natural or slightly acidic and decrease 

when more acidic of more alkali, the suitable agitation speed and the highest OPF juice 

concentration. Thus, the best condition of the bioethanol fermentation is in pH 7 of initial 

pH value, agitation speed of 150 rpm, and 100% v/v OPF juice concentration. 

5.2 Recommendation 

There are several points should recommend in order for further research in future. The 

method and procedure of experimental design should follows carefully. Any slacks on 

this part may affect to the result obtained and contradict with the theoretical in worst 

scenario. 

The future result also should implied the microbial growth profile to show the longest 

timeline of the microbial chosen. This growth profile also able to determine the optimal 

timeline for the microbial growth to proceed with the bioethanol fermentation. 

Besides that, the viscosity of the substrate also should be reconsider. The highest viscosity 

tend to slow down the agitation speed, especially implied in fermenter. Thus, the viscosity 

affect the best condition of bioethanol production in term of agitation speed. 

Finally, this study have potential to scale up with the best condition require. Thus, this 

study proceed to 2 l fermenter with nitrogen purging inside since the bioethanol have 

good market demand in world. 
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ABSTRACT: The fossil fuels degrade abundantly since 21st century. The usages of fossil fuels tend 

to emit the greenhouse gas that effect to global warming as well human health. To overcome these 

problems, the bioethanol introduced by the researches to substitute the fossil fuels. Bioethanol is a 

bioenergy produced by yeast fermentation at several conditions compared to conventional fossil fuels.  

Bioethanol is being studied because the unique properties and renewable fuels. The production of 

bioethanol in industrial scale involved high cost due to the usage of foods as sugar raw materials. Thus, 

this research is to evaluate the oil palm frond (OPF) juice as raw material for bioethanol fermentation. 

In this study, the bioethanol produces in shake flask by using Saccharomyces cerevisiae and OPF juice 

as medium component. Three parameters study are pH, agitation speed, and OPF juice concentration. 

The best condition of parameters determine by the highest ethanol concentration produce. Inoculum 

prepare in shake flask to cultivate the yeast in medium growth and ferment in 500 ml shake flasks 

containing medium growth and beef extract. The flasks incubate in 48 hours, 12 hours interval for sample 

withdraw. The products analyse for sugar concentration and bioethanol concentration. The results for 

the best condition in bioethanol fermentation are in pH 7, rpm 150 and 100% volume percentage of OPF 

juice concentration 
 

Key word: oil palm, frond, ethanol production, GC, S. cerevisiae 
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1. INTRODUCTION 
 

The fossil fuels are non-renewable. They are 

limited in supply and will one day be depleted. 

There is no escaping this conclusion. Fossil fuels 

formed from plants and animals that lived 

hundreds of millions of years ago and became 

buried way underneath the Earth’s surface where 

their remains collectively transformed into the 

combustible materials we use for fuel. For 

example, petroleum is the source of about 170 

quadtrillion BTUs or quad of energy of more 

than 460 quads the world uses, far more than 

derived from other sources [26]. 

 

The negative global warming impact of fossil 

fuels, volatile oil price and political unstable in 

oil exporting countries resulted in a significant 

increase in international interest in alternative 

fuels and led policy makers in the world to issue 

ambitious goals for substitution of alternative for 

convention fuels [26]. Besides that, the great 

dangers posed to natural ecosystems that result 

from collecting fossil fuels, particularly coal and 

oil. Oil spills have devastated ecosystems and 

coal mining has stripped lands of their vitality. 

This is the primary reason to discontinue the 

pursuit to tap the vast oil reserves in the Arctic 

National Wildlife Refuge (ANWR). 

 

In other to reduce the side effects of fossil fuels, 

the alternative energy is the best choice. One of 

the alternative energy is bioenergy, produced 

from the biological process. Examples of sources 

of bioenergy include wood and sawmill waste, 

charcoal, biogas resulting from the anaerobic 

decomposition of waste, as well as liquid 

biofuels, such as bioethanol and biodiesel. 

Bioethanol made biologically by fermentation 

from a variety of biomass sources is widely 

recognized as a unique transportation fuel and 

original material of various chemical with 

powerful economic, environmental and strategic 

attributes [26]. Bioethanol (ethyl alcohol, grain 

alcohol, CH3-CH2-OH or EtOH) is a liquid 

biofuel which can be produced from several 

different biomass feedstocks and conversion 

technologies [1]. Bioethanol is an attractive 

alternative because it is a renewable biobased 

resource and it is oxygenated thereby provides 

the potential to reduce particulate emissions in 

comparison ignition engines. The properties of 

ethanol are shown in and has a higher octane 

number, broader flammability limits, higher 

flame speeds and higher heats of vaporisation 

than gasoline. 

 

Bioethanol is the most widely used liquid 

biofuel. The largest producers in the world are 

United States, Brazil, and China. Production of 

bioethanol from sugar cane in Brazil accounted 

nearly 18% of the country’s automotive fuel 

needs in 2004 [15]. In 2006, global production of 

bioethanol reached 13.5 billion gallons up to 

from 12.1 billion gallons in 2005 [1]. World 

ethanol production (all grades) has been reached 

a record 62×109 litre in 2007, with the United 

States and Brazil as dominant producers 

(approximately 70%) [licht]. In 2009, the US 

produced 39.5×109 litres of ethanol using corn as 

a feedstock while the Brazil created about 

30×109 litres of ethanol using sugar cane [15]. [1] 

About 90% of bioethanol is derived from corn in 

United States and all the Brazil’s bioethanol is 

produced from sugar cane and cited that any 

country with a significant agronomic based 

economy can used current technology for 

bioethanol fermentation due to technology for 

bioethanol production from non-food plant 

sources has been developed to the point at which 

large scale production will be reality in the next 

few years [8]. 

 

The studies of bioethanol is become interest in 

researchers due to the high demand in 

worldwide. The production of fermentation by 

using sugar from sugar canes, grains, sweet 

potatoes and corn-starch are been 

commercialised. Since the sugar source is come 

from the food starch, the cost of the fermentation 

is high. The use of renewable resource such as 

agricultural and agro based-industry wastes as 

raw material for the fermentable sugars can help 

to reduce the production cost and the dependence 

on food crops [24]. Thus, the raw material used 

in this study is wastes based from oil palm 

industry which is oil palm frond. 

 

Oil palm contains abundant of sugar composition 

in all of the parts. [20] The oil palm trunk (OPT) 

is contains higher sugar composition rather other 

part of oil palm. Thus, the OPT is the main raw 

material for ethanol fermentation. The OPT sap 

been hydrolysed to obtain sugar i.e. glucose and 

xylose [24] but recently the sap is simply pressed 

[6]. This step is simple compared to OPT sap 

hydrolyse. 

 

In addition, the composition of sugar in oil palm 

frond (OPF) is similar as the sugar composition 

in OPT. The production of sugar from dried OPF 

fibre involving the conversion of cellulose and 

hemicellulose into glucose and xylose through 

hydrothermal treatment followed by enzymatic 

hydrolysis, use of high temperature and pressure, 

and also cellulose enzymes. However, the 

renewable sugars can be obtained from OPF 

simply by pressing the fresh OPF to obtain the 

juice [24]. 
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The comparison of sugar concentration between 

OPF juice [24] and oil palm trunk (OPT) sap [6]. 

The amount of sugars in OPF juice is 76.09±2.85 

g/l. Glucose was the major sugar component in 

OPF juice at 53.59±2.86 g/l, sucrose at 

20.46±1.56 g/l and fructose at 1.68±0.75 g/l. 

Meanwhile, the sugar composition in OPT sap is 

59.5±5.6 g/l. Similar to OPF juice, glucose was 

the major component in OPT sap at 50.2±2.8 g/l, 

followed by sucrose at 3.8±0.5 g/l and fructose at 

3.1±1.3 g/l and the other sugar composition 

shown in Table 6. The presence of sugar in OPF 

and OPT was expected due to the photosynthesis 

process. 

 

Therefore, the evaluation of ethanol potential 

from fermentation of OPF juice is sufficient. The 

objectives of this research are to study the effect 

of process parameters (pH, agitation speed and 

OPF juice concentration) for the production of 

bioethanol from fermentation using OPF juice 

and to evaluate the best condition for the 

production of bioethanol in term of yield and 

productivity from fermentation using OPF juice 

as renewable and sustainable substrate. 

 

In order to achieve the stated objectives, scopes 

have been identified are the evaluation of the 

feasibility of OPF juice as a direct substrate for 

bioethanol production by using yeast 

Saccharomyces cerevisiae, three main factor 

affecting bioethanol productions from literature 

studies are using lab scale experiment, which are 

initial pH, agitation rate, and percentage of OPF 

juice, and the identification of the ethanol yield 

and productivity of each parameter given. 
 

 

2. MATERIALS AND METHODS 

 

2.1 Bacterial strain 
 

The strain employed throughout these studies is 

an industrial sake brewing strain, Saccharomyces 

cerevisiae Kyokai no. 7 (ATCC 26422) obtained 

from the American Type Culture Collection. The 

strain is maintained by regular sub culturing on 

YPD agar medium (in g/l: agar 20, yeast extracts 

1.5, peptone 1.5 and dextrose 20) every five 

weeks. The strain incubated in 250 ml of 500 ml 

flask contain of medium (enriched with NaCl 5 

g/l, peptone 5 g/l, yeast extracts 1.5 g/l) and 

vented with cotton wool to allow aeration for 12-

18 hours at 30 OC and 150 rpm. This inoculums 

preparation applied in all parts of the experiment. 
 

2.2 Fermentation of Ethanol 
 

Ethanol is carried out through one-stage 

cultivation fermentation in shake flasks. OPF 

juice in this study obtained by pressing the fresh 

OPF following by the method described earlier. 

For the study of initial pH effect, the initial pH of 

the medium (sodium chloride 5 g/l, peptone 5 g/l, 

beef extracts 1.5 g/l and yeast extracts 1.5 g/l). 

and the OPF juice adjust at pH value of 4, 6, 7, 

and 8 using 1M of hydroxide acid and 1M of 

sodium hydroxide. Another set of experiment is 

to adjust the OPF juice concentration via volume 

percentage of 25%, 50% and 100%. Meanwhile, 

the effect of agitation speed is adjust at 150 rpm, 

180 rpm, and 210 rpm. The culture incubated in 

30oC under anaerobic condition. The initial pH 

effect and agitation speed conducted in 

duplicated. The sample collected in 12 hours 

interval for 36 hours. 
 

2.3 Instrumentation Setup 

 
Gas chromatography Agilent Technologies 

(6890 Series) equipped with a flame ionization 

detector (FID) was set up to determine ethanol 

concentrations. The column used was HP-

INNOWax Polyethylene Glycol (30 m x 250 µm 

x 0.25 μm nominal). The oven temperature and 

injector and detector temperature are 70 °C and 

250 oC respectively. Initial temperature 70 °C 

held for 4 min, rate of increase 20 °C/min until 

120 °C min held for 2 min). The carrier gas was 

helium at a flow rate of 45 ml/min.  
 

2.3 Analytical Procedure 
 

2.3.1 Ethanol Determination. n-propanol (1 

%v/v) has been used as solvent or internal 

standard in all samples. Internal standard is being 

used as a reference standard for normalization of 

ethanol peak and also to mark the peak of ethanol 

in the chromatogram by relative retention time. It 

is previously diluted from 99.8 %v/v of HPLC 

grade n-propanol. For external standard, ethanol 

prepares in 2-10 %v/v of concentration using 

diluted 99.98 %v/v of HPLC grade ethanol. For 

GC-FID sample, Samples are prepared in the vial 

by filtering with 0.20 μm nylon filter. Peak of 

ethanol observed at Rt =2.985 min convert to the 

concentration term (g/l) using previous obtained 

standard curve. 

 

 

3. RESULT AND DISCUSSION 

 

3.1 Effect of Initial pH 
 

The effect of different pH on ethanol production 

using OPF juice by S. cereviasie shown in Figure 

1. The highest ethanol production is in initial pH 

of 7, up to 29.665 g/L. 
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Figure 5: Ethanol profile from OPF juice fermentation 

based on initial pH. 

 

Table 5: Effect of pH on ethanol production from 

OPF juice. 

Time 

(h) 

Initial pH 

4 6 7 8 

0 0.147 2.473 0.427 0.425 

12 2.290 1.843 6.267 4.901 

24 8.339 3.680 24.097 12.932 

36 22.185 3.799 29.596 17.832 

48 24.922 4.996 29.665 18.530 

 

This followed by pH 4, pH 8 and pH 6 which is 

24.992 g/L, 18.350 g/L, and 4.996 g/L 

respectively. Table 1 shows the other result in 

varies pH values according to 12 hours interval 

in 48 hours incubated. This current study agreed 

with other studies reported that yeast grows and 

fermentation perform the best in natural or 

slightly acidic environment [13]; [9]. 

 

The most suitable initial pH for bioethanol 

production is in pH 4 [5]. This statement 

supported by other studies that mentioned the 

highest bioethanol production is in pH 4 for 

initial pH of medium [14]; [18]; [21]. The 

optimum pH value for S. cerevisiae is in range of 

4.2 to 4.8 [2]. However, this statement is 

contradict with the result shown due to 

indifference between the fermentation process 

conducted at pH 5.4 and pH 4.7 [16} supported 

by the insignificant difference between 

fermentation yields conducted in pH range 

between 2.4 to 8.6 [22]. 

 

The bioethanol production high when the pH 

value is lower. The lower bioethanol productivity 

may be due to the lower metabolic rate of cell 

yeast used [10]. The increasing of pH value in the 

molasses hydrolysate will also reduce alcohol 

hydrogenase activity in S. crevisiae cell and lead 

to the formation of acidic acid instead of 

bioethanol in the process [11]. The different 

strain also contribute the optimum pH for 

bioethanol production. 
 

3.2 OPF Juice Concentration 

 

OPF juice is the sugar raw of the fermentation. In 

other words, this factor also means the effect 

sugar concentration in the ethanol production. [3] 

The higher glucose concentration leads the 

higher concentration of bioethanol produced. 

Thus, the highest ethanol production is obtain in 

100% of OPF juice concentration which is 

45.365 g/L t interval of 36 hour. This followed 

by 50%, and 25% of OPF juice concentration 

which are 26.319 g/L and 12.017 g/L 

respectively. Table 1 shown the ethanol 

production for OPF juice concentration values 

based on 12 hours interval for 48 hours 

incubated. 

 

 
Figure 6: Ethanol profile for OPF juice fermentation 

based on OPF juice fermentation. 

 

Table 6: Effect of OPF juice concentration on 

ethanol production from OPF juice. 

Time 

(h) 

OPF juice concentration (%) 

25 50 100 

0 0.275 0.215 0.569 

12 3.221 7.329 5.982 

24 10.722 17.333 21.420 

36 7.470 26.319 45.363 

48 12.017 27.312 41.307 

 

From the ethanol profile in Figure 2, the ethanol 

production increased due to the increasing of 

OPF juice concentration since the presence of the 

sugar composition in OPF juice [24]. This 

supported by the increasing of fermentable 

sugars content from 5 to 13% (w/w), bioethanol 

yields increase for both applied substrates (thin 

juice and molasses) [17]. The maximum 

bioethanol production (% v/v) was 8.5 for V-1 

and 9.5 for V-2 due to the different composition 

of carbon source for both V-1 and V-2 [4]. 
 

3.3 Agitation Speed 

 

The increasing of agitation speed also affected 

the production of ethanol. The highest ethanol 

produced is 150 rpm of agitation speed, with a 

maximum ethanol concentration of 27.792 g/L at 

interval of 36 hour. This followed by 180 rpm 

and 210 rpm with ethanol concentration of 

19.735 g/L and 19.212 g/L at interval of 24 hour 

respectively. 
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Figure 7: Ethanol profile of OPF juice fermentation 

according to agitation speed. 

 

Table 7: Effect of agitation speed on ethanol 

production from OPF juice. 

Time 

(h) 

Agitation speed (rpm) 

150 180 210 

0 1.584 1.228 1.603 

12 18.587 5.771 2.791 

24 24.632 12.842 19.212 

36 27.792 19.495 17.737 

48 25.654 19.735 19.348 

 

The effect of the agitation speed from 50 rpm to 

150 rpm [5]. Thus, this statement is in agreement 

with the bioethanol production yield using 

mechanical agitation was higher than without or 

lower agitation speed [12]. However, this study 

consist the agitation speed above 150 rpm. Since 

the OPF juice concentration is constant, the 

viscosity of medium is constant and unaffected 

to bioethanol production. So, the increasing of 

agitation speed above to 150 rpm reduced the 

bioethanol production due to the turbulence of 

medium will create the shear force that cause the 

cells break down. The batch fermentation of 

wood hydrolysate by Pichia stipitis indicated the 

highest bioethanol production was obtain in 150 

rpm with 0.37 g/g glucose after 72 hours 

fermentation [19]. 
 

4. CONCLUSION 
 

The OPF contain the composition of sugar or 

carbon source similar as OPT sap. So, the OPF 

also be able to become raw material of the 

bioethanol fermentation. The OPF juice obtained 

from the pressing the OPF and proceed to the 

further research. 

In this research, the parameters used are pH, 

agitation speed and OPF juice concentration. The 

bioethanol production is highest in the yeast 

natural or slightly acidic and decrease when more 

acidic of more alkali, the suitable agitation speed 

and the highest OPF juice concentration. Thus, 

the best condition of the bioethanol fermentation 

is in pH 7 of initial pH value, agitation speed of 

150 rpm, and 100% v/v OPF juice concentration. 
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