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Simultaneous Saccharification and Fermentation for Ethanol Production by Using 

Saccharomyces Cerevisiae 

Muhammad Naimmi bin Ismail 

 

Resource Biotechnology Programme  

Faculty of Science and Technology  

Universiti Malaysia Sarawak 

ABSTRACT 

Liquefied sago starch (LSS), which acts as a substrate for the production of the ethanol was 

studied in batch fermentation process involving Saccharomyces cerevisiae CSI-1. This 

research focuses on the relevant conditions for optimum ethanol production by using liquefied 

sago starch with addition 10mg/L of calcium pantothenate (vitamin B5) under controlled 

temperature to assess their effects on ethanol production. The optimum production of ethanol 

by addition calcium pantothenate was recorded at 24 hr (5.58 g/L) and (5.71 g/L) without the 

addition of calcium pantothenate at 9 hr. These preliminary results proved the feasibility of 

liquefied sago starch as a potential substrate for ethanol production by using Saccharomyces 

cerevisiae CSI-1.  

Key words: sago starch, saccharification, calcium pantothenate, batch fermentation, 

Saccharomyces cerevisiae CSI-1. 

ABSTRAK 

Cecair kanji sagu yang dihidrolisis digunakan sebagai sumber substrat untuk menghasilkan 

etanol melalui proses fermentasi berkelompok dengan menggunakan Saccharomyces 

cerevisiae CSI-1. Kajian ini memberi tumpuan kepada kondisi yang relevan bagi penghasilan 

etanol yang optimum dengan menggunakan kanji sagu cecair dengan tambahan 10 mg/L 

kalsium pantotenate (vitamin B5) di bawah suhu terkawal untuk menilai kesannya terhadap 

penghasilan etanol. Penghasilan optimum etanol pada penambahan kalsium pantotenate telah 

direkodkan pada jam ke 24 (5.58 g/L) dan (5.71 g/L) tanpa tambahan kalsium pantotenate 

pada jam ke 9. Hasil kajian awal ini membuktikan kemungkinan cecair kanji sagu sebagai 

substrat yang berpotensi bagi penghasilan etanol secara sakarifikasi serentak dengan 

menggunakan Saccharomyces cerevisiae CSI-1.   

Kata-kata kunci: kanji sagu, sakarifikasi, pantotenate kalsium, fermentasi berkelompok, 

Saccharomyces cerevisiae CSI-1. 
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1.0 Introduction 

Biological science application in industrial process was known as bioprocessing. Using 

of microorganism to produce ethanol and acetone is one of the best applications in 

biotechnology. At present, the demand for low cost and high ethanol productivity was 

increased and a lot of vehicles which have been invented with modified engine that able to run 

by using biofuel. Ethanol was also able to reduce gasoline consumption and emissions of 

carbon dioxide. In 2007, ethanol becomes an important biofuel that able to displace the 

gasoline consumption and target to produce 35 billion per year by 2017 (Young et al., 2007).  

In Brazil, the technologies on flexible fuel vehicles were widely developed in 

commercial such as in public transport (Sandalow, 2006).  Besides that, in November 2009, a 

program called Kalundborg Cellulosic Ethanol Project (KACELLE) introduced to reduce 

energy and enzyme consumption, improve water balance, promote fermentation on C5 sugars 

(D-xylose and L-arabinose) and increase plant capacity (Inbicon, 2009). On top of that, the 

researches on ethanol production by using corn, sugarcane, potato, and rice and wheat grain 

have been much studied. The study on fermentation by using sago starch stills fewer than the 

other starch. UNIMAS is one of the institutes that ongoing research on sago starch in ethanol 

production due to Sarawak has a lot of sago resources. Therefore, ethanol production in 

Malaysia is necessary to reduce petroleum consumption and promote economic. 

 

file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/matt%20young.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/sandalow.pdf


3 

 

1.1 Problem statement 

It is reported that Saccharomyces cerevisiae was produced high concentration of ethanol in 

anaerobic conditions using different substrates such as sugar cane, glucose, molasses, and 

hydrolyzed starchy materials. S. cerevisiae has some interesting properties such as able to 

stand pH as high as 9.0, temperatures of 37
o
C, very high gravity environment, easy to 

flocculate and fast growing (Cirilo, 2012). Additional studies on the properties of strain are 

necessaries. Therefore, S. cerevisiae was tested for its ability to use liquefied sago starch since 

it cannot produce abundantly amylases to hydrolyze raw starches. Due this characteristic of 

this strain the hypothesis to be tested was: 

1.2 Hypothesis 

Ho: Saccharomyces cerevisiae is not able to produce ethanol from liquefied sago starch.  

Ha: Saccharomyces cerevisiae is able produce ethanol from liquefied sago starch.  

1.3 Objectives 

The main objective of this study is to produce ethanol through simultaneous saccharification 

and fermentation by using Saccharomyces cerevisiae using liquefied sago starch as carbon 

source.  

1. To investigate the effectiveness of using low cost material for ethanol production such 

as liquefied sago starch (LSS). 

2. To analyse the ability of Saccharomyces cerevisiae on liquefied sago starch (LSS) as 

their carbon source. 

3. To determine the effect of calcium pantothenate in the ethanol production.  
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2.0 Literature Review 

2.1 Simultaneous Saccharification and Fermentation 

Simultaneous saccharification and fermentation is a process that reducing product 

inhibition by using only a single reactor which results in cost effective process (Krishna et al., 

1997). Mixed culture by S. cerevisiae without addition of - glucosidase produces higher 

ethanol yield compared to the saccharification by an enzyme loading (- amylase and - 

glucosidase) (Splinder, 1991). After liquefaction, by an - amylase, there are still very few 

solid residues remained mainly composed by cellulose and lignin (Ferreira, 2010). 

Moreover, this method is widely used in industrial processes due to it can reduce the 

requirement of enzyme and cost effectiveness. It also will increase the ethanol yield by 

breaking sago starch and together convert the glucose into ethanol by using only an enzyme 

and a single type of strain. Furthermore, SSF process will induce lower risk to contamination 

and reduce the production of cellobiose that may inhibit enzyme function (Olofsson et al., 

2008) 

2.2 Saccharomyces Cerevisiae 

Saccharomyces cerevisiae sp. is budding yeast which can live in either with two 

genomes (diploid) or one genome (haploid) by formation of buds in mitosis. In the life cycle 

of S. cerevisiae, the initial cell will enlarges and pinched off into two daughter cells. This 

microorganism is a unicellular organism where it can undergoes specialized cell types that 

already differentiate by mitotic cell divisions. S. cerevisiae is one of the important fungi due to 

file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/krishna.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/krishna.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/splinder.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/ferreira.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/Olofsson.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/Olofsson.pdf
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it able to produce ethanol such as brewer’s (alcohol drinks) and baker’s yeast (bread dough).  

It has two ways to break down starch into glucose which is by aerobic respiration with the 

presence of oxygen and anaerobic respiration with the absence of oxygen. S. cerevisiae is able 

to produce ethanol very rapidly in optimal conditions (Dombek, 1987). The final products are 

two ATP (adenosine triphosphate) and also produce carbon dioxide and ethanol. Therefore, 

the operating temperature for S. cerevisiae is 35C and this type of fungal able to produce 

cellulase by itself that is necessary in the breakdown of cellulose (Kádár et al., 2004).  

2.3 Sago Starch 

Malaysia is one of the largest producers of sago starch and ranked fifth highest yield 

after pepper, palm oil, cocoa and rubber (Nee Seng Ngeng & Sons, 1984). In Terengganu, sago 

is used as a main ingredient of “keropok lekor” a derived product from fish. Sago functions as 

a raw material of natural resources of starch exactly the same as potato, corn, tapioca, rice and 

wheat. From Sago is possible to produce a lot of product from different part of its tree. The 

refined sago starch can be used as an ingredient for noodle making, biscuit and many other 

foods. For industrial usage, sago pith was used as feed stuffs for animals and livestock 

industries and the sago frond is for paper industries. Sago starch functions as an alternative 

carbon source for fermentation process. Starch also used as substituent for petroleum-based 

plastic material especially in packaging industries (Dzulkefly et al., 2007). 

In addition, sago palm can be found at tropical lowland forest and freshwater swamps 

and also found near sea level (McClatchey et al., 2006). A lot of advantage of using sago 

starch in industrial production due to sago is a raw material that is abundance in Malaysia. It 

also is to improve water and mechanical properties by strengthen the effect of cellulose. 

file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/Dombek.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/kadar.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/Dzul%20UPM.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/McClatchey.pdf
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Besides that, sago is able to develop cheap degradable materials (biodegradable) and also 

environmental friendly. Thus, the problem on agriculture waste will be reduced by convert the 

waste into biodegradable product (Biopolymer Research Group, 2008).  

2.4 Hydrolytic Enzyme 

Development of industrial biotechnology processing has utilized the microbial 

enzymes in applications. One of the widely commercial enzyme is alpha-amylase (-amylase). 

Alpha-enzyme was an enzyme that occurs naturally and incorporates in breakdown of starch. 

The activity of -amylase is measured by its effect on viscosity of heated suspension of starch 

in water.  

Termamyl SC is a termostable -amylase that produced by a genetically modified 

strain from Bacillus licheniformis that used in liquefaction (Rakin et al, 2009). Termamyl is 

one of the commercial products that usually used in starch industry, alcohol industry, brewing, 

sugar industry and textiles industry. Termamyl SC is the latest liquefaction enzyme where able 

to operate on lower pH (5.4-5.8) and calcium levels (Novozymes, 2004). The liquefaction of 

starch was up to 100-110C to break down the starch into glucose. Besides that, Termamyl SC 

is used commercialized in textile industry for increasing the speed and temperature of resizing 

textiles before dyeing. In this process, alpha-amylase will hydrolyses -1,4-glycosidic bond in 

amylose and amylopectin. Thus, the starch will break down into soluble dextrin and 

oligosaccharides.  

 

file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/FYP%20proposal/Enhanced_Liq.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/rakin.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/Enhanced_Liq.pdf
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Therefore, using termamyl as the hydrolytic enzyme is one of the best ways to break 

down the starch. Termamyl will lower the cost for the process by reducing the calcium 

requirement. It is also increase the product yield and effectiveness of liquefaction process. 

Termamyl were more stable when calcium ions are added in the liquefaction process where it 

will enable the enzyme to operate effectively (Novozymes, 2001). 

2.5 Yeast Extract 

Yeast extract is an inactivated yeast cell which is undergoes natural digestion called 

“autolysis”. This process is causing the breakdown of proteins and other parts of the cell. In 

this process, the peptides, amino acids, vitamins and other insoluble component of yeast cell 

will be removed. Besides that, the component contains extract solid part (50%), sodium 

chloride (NaCl) (15%), nitrogen (4.4%) with pH 6.0 (Nakajo et al., 2002). Yeast extract is 

produced by hydrolysis of peptide bonds. In biological field, yeast extract is function as 

ingredient to cultivate microorganism due to it contain nitrogen, vitamins and other growth 

factors. Usually, this medium are prepared for investigate the production of antibiotics, 

pharmaceuticals, vitamins and organic acids.  

Yeast extract can be produced by using either baker’s or brewer’s yeast. The process 

involved in the production is autolysis, plasmolysis and hydrolysis. Autolysis is a process 

where yeast cell components soluble by natural enzyme with the control of pH, temperature, 

time and amount of enzymes (Milić et al., 2007). Thus, the hydrolysis will be more effective 

in high temperature and pressure. The extract was neutralized with addition of potassium 

hydroxide (KOH) in order to adjust the pH value and the extract is filtered and concentrated.  

file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/FYP%20proposal/Enhanced_Liq.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/Yeast%20composition.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/Tajjana.pdf
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2.6 Calcium Pantothenate 

Pantothenic acid or its salt Calcium pantothenate is known as vitamin B5. It is a 

vitamin that produced by bacteria in the intestines that commonly is consumed to prevent 

depression. Calcium pantothenate is a solid white powder salt that used as a source of 

pantothenic acid. It has bitter taste, odorless, water soluble and slightly soluble in ethanol. 

Calcium pantothenate is stable in neutral aqueous (pH 6.0 and 7.0) and sensitive to heat where 

it cannot be exposed to temperature higher than 70-75C may cause racemization (Kyowa, 

2010). 

Besides that, divalent cationic such as calcium ion is an important nutrient that 

necessary for yeast in the fermentation process for maximize the ethanol productivity and 

reduce cost (Anthony et al, 2009). Vitamin B5 is required for the release energy from 

carbohydrates. This vitamin is important in the production of steroid hormones for adrenal 

gland and nervous system. Moreover, vitamin B5 is required for carbohydrate, fat and protein 

metabolism. The food sources that contain vitamin B5 are egg yolks, milk, yogurt, cheese, 

nuts and whole grains.  

 

 

 

file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/kyowa.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/kyowa.pdf
file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/Okon%20and%20Nwabueze.pdf
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2.7 Fermentation Mode 

S. cerevisiae is a common species used in batch fermentation in the production of 

alcohol beverage and biofuels (Dombek, 1987). Batch fermentation is a process that carried 

out in “close system” and environment with only certain amount of nutrient and carbon 

dioxide. During the process, both systems are stirred continuously and the fermentation 

samples will be withdrawn via the fermentation process gradually. Wastage or waste away of 

the broth may occur since the substrate is completely utilized. Thus, it is possible to have 

minimal waste of raw material keeping away unwanted microorganisms if there is very high 

production of microbial biomass. In batch system, the maintenance and contaminations 

probability is low but it’s still need people to start, end and restart new fermentation. Batch 

fermentation is required in industries for certain product such as production of biomass, 

primary and secondary metabolites. 

 

 

 

 

 

 

 

 

 

file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/Dombek.pdf
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3.0 Material and Method 

3.1 Materials 

3.1.1 Sago starch 

The sago starch was supplied from the Herdsen Sago Mill, Pusa, Sarawak. 

3.1.2 Hydrolytic enzyme 

Termamyl SC (thermostable -amylase from Bacillus licheniformis, 240 KNU-S/g), (10 µl, 

3000 U/ml at pH 5.0 and 95-100C). 

3.1.3 Microorganism 

Saccharomyces cerevisiae CSI-1 (Strain JCM-15097) 

3.1.4 Medium composition 

Two type medium was used, broth without calcium pantothenate and broth with calcium 

pantothenate. Yeast extracts 3.0 g/L, calcium pantothenate 10.0 mg/L, glucose from liquefied 

sago starch (200.0 g/L sago starch powder), KH2PO4 3.5 g/L, K2HPO4 5.0 g/L, (NH4)2HPO4 

3.5 g/L, MgSO4.7H2O 0.5 g/L, and trace metals 1.0 ml/L. 
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3.2 Methods 

3.2.1 Inoculation of microorganism 

The culture medium composed of glucose 10 g/L, yeast extract 3 g/L. The medium was 

sterilized at 121C for 20 min.1 ml of Saccharomyces cerevisiae CSI-1 (JCM-15097) was 

incubated in nutrient agar medium at 30C for 24hr.  

3.2.2 Enzymatic hydrolysis of sago starch 

The liquefaction of sago starch was performed by addition of enzymes Termamyl SC with the 

conditions reported by the manufacturer. Briefly, 200 g/L of sago starch (dry basis) was 

suspended by using distilled water in 2L beaker and the final volume adjusted to 1L. The pH 

of the suspension was adjusted to 6.5 and 0.5 µl of enzyme Termamyl SC per gram of starch 

was added into the beaker before the liquefaction process at 90C for 2 hours. 

3.2.3 Fermentation system 

Batch fermentation was carried out in the 3 Liter Jar Fermenter with a working volume of 2L. 

Then, 20% of liquefied sago starch (400 ml) concentration was added into the fermenter. 

Sodium hydroxide (NaOH) was used to adjust the pH 6.5. Then, 10% of inoculum size (200 

ml) previously incubated at 30C for 24hr was centrifuged and re-suspended before added into 

fermenter for ethanol production. The sample was taken for each 3 hr for the first 12 hr and 6 

hr for the next sampling until 24 hr analysis of glucose and ethanol. 
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3.3 Analytical Method 

3.3.1Analysis 

HPLC system was used to analyse the production of ethanol in the culture broth. A Shimadzu 

(Kyoto, Japan) chromatographic system that consists of Shimadzu LC-20AT (four pumps) and 

Shimadzu RID-10A Refractive Index Detector was used to perform the HPLC analysis. In 

fermentation monitoring column, the chromatographic separation was performed, Aminex (7.5 

mm x 150 mm) at 60 °C. At flow rate of 0.60 ml/min, 0.005 M of H2SO4 was used as a mobile 

phase. 

3.3.2 Reducing sugars analysis  

3 ml of DNS reagent was added to 3 ml of aliquot of test solution. The mixture was heated for 

15 min in boil water followed by addition of 1 ml of 40% of Rochelle salts to stabilize the 

colour (Miller, 1959). The test tube was quickly cool under running water before being 

measure at 575 nm using a UV/Visible spectrophotometer (UV mini-1240). A standard curve 

was plotted using pure glucose as standards to read odd glucose equivalent values.  
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3.3.3 Determination of dry cell weight (DCW) 

Dry cell weight (DCW) was determined by sampling 10 ml of liquid culture into screw tube 

and centrifuging the sample at 5000 rpm for 10 min. Then, the supernatant was discarded from 

the tube and taken for ethanol and glucose analysis. Thus, suspend the pellet in 10 ml of saline 

solution and re-centrifuged. The procedure was repeated twice. The samples were placed in 

oven at 60C for 3 days and placed in desiccators for cooling process. Finally, the dry cell 

weight was re-weighted and the data was recorded. The optical density was recorded when 

samples were withdrawn and a calibration curve was generated to correlate the DCW against 

OD.  It was determined that one OD unit was equivalent to 6.4 g/L 

 

             (
 

 
)  

[(                    ( ))                ( )]

             (  )
      

 

3.3.4 Statically analysis 

The experiments were performed by three replicates and the mean and standard deviation was 

reported. The data was collected and fermentation efficiency and calculated as the percentage 

of experimental to maximum theoretical yields. The analysis of data was done through 

Microsoft Excel and Analyse-it.  
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4.0 Results and Discussion 

4.1 Test to detect the presence of ethanol 

 

 

 

 

 

 

Figure 1: Test to detect presence of ethanol 

A test to detect the presence of ethanol trough simultaneous saccharification and 

fermentation by using Saccharomyces cerevisiae CSI-1 as shown in Figure 1 has been carried 

out in 250 ml glass bottle with working volume 200 ml. This test was conducted by using 46 g 

of sago starch powder, 200 ml of tab water and 46 l of Termamyl SC for liquefaction process 

for 2 hr.  

Besides that, only 85% of the dry basis sago starch in the powder due to it contains 

moisture content about 15% maximum (Adrina, 2004) . In the actual fermentation, 200 g/L of 

the dry sago starch was used for the fermentation. Thus, 35 g of sago starch powder was added 

as another 15% of dry sago starch.  

file:///C:/Documents%20and%20Settings/Administrator/Local%20Settings/Temp/AppData/Local/Temp/Temp1_progress%20report%20(Naimmi).zip/Progress%20report%20(NAIMMI)/articles/ADRINA.pdf
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Next, 10 g/L of yeast extract was added into the hydrolyzed sago starch as a nutrient 

medium for strain. Then, 1 ml of stock solution of Saccharomyces cerevisiae CSI-1 was added 

into the medium. Moreover, air bubble was formed in the bottle determined as the CO2 due to 

the starches was converted by the yeast into carbon dioxide and ethanol. After incubation for 

36 hr, the result showed a production of 0.5 g/L of ethanol. Thus, it was proved that the S. 

cerevisiae were able to produce ethanol by using liquefied sago starch.  
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4.2 Enzymatic Hydrolysis of Commercial Sago Starch (control) 

In this study, 200 g/L of sago starch powder in dry basis was weighted and 

subsequently undergone the liquefaction process by using Termamyl SC (α-amylase). 

Liquefaction is the prior process of hydrolysis before proceed to saccharification process that 

using Dextrozyme (β-glucosidase) enzyme. The pH was adjusted to 4.5 before addition of 

Dextrozyme (Table 3). The percentage of starch that was successfully converted after 

saccharification was 93.07% (186.13 g/L) of conversion to glucose. The glucose level was 

produced higher in saccharification process compare to liquefaction process because of 

Dextrozyme enzyme has special function in breaking small molecule polypeptide chain that 

has been degraded by Termamyl SC enzyme from large molecule of starch. More time was 

required in this process as it broke the large polypeptide from liquefaction process into 

monomer (glucose). 

                                ( )  
      

 

 
(                  )

    (                 )
              

However, it is lower than calculated theoretical with percentage of conversion 98.4% 

about 196.8 g/L of glucose produced from 20% of dry basis of sago starch after 4 hr of 

hydrolysis (Bujang et al., 2000). The conversion of sago starch was low because the time used 

for saccharification were only 24 hr and it was too short for the enzyme β-glucosidase  to fully 

reacted on the sago starch and this has restricted the process.  
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4.2.1 Effect of hydrolyzed sago starch (HSS) on growth of S. cerevisiae and ethanol 

production (Control). 

 

Figure 2: Profile growth of S. cerevisiae in HSS. Symbols: () Specific growth rate (1/h); () DCW (g/L) 

Based on the Figure 2, there was no lag phase shown on this fermentation due to the 

cell  already adapted to commercial glucose during incubation and make it active even using 

other source of glucose which from hydrolyze sago starch that almost complete conversion to 

glucose (93.07%). The initial glucose prepared from 20% of hydrolyzed sago starch in 2L of 

working volume was 34.04 g/L. This trial was conducted without pH control and the OD 

reading by using turbidimeter (LA-300LT, SAR Instruments, Tokyo, Japan) was taken at 

hourly interval within 24 hr. The highest specific growth rate of cell was the second hour 

(0.916 1/h) where it was grown up rapidly until 10 hr. Hence, the cell increase drastically due 
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to the Saccharomyces cerevisiae start to budding and doubling itself approximately once for 

every 90 min with cell densities <10
7
 cells/mL during early log phase (MacDonald, 2001).  

Therefore, the µ was decreased over time until 9 hr and it was started to stable the 

growth and death rate due to the nutrient depletion (1.24 g/L of glucose) and also 

accumulation of ethanol (13.51 g/L).  

 

Figure 3: Ethanol production versus glucose reduction. Symbols: () Residual Glucose; () Ethanol 

concentration 

Figure 3 shows the ethanol production and glucose reduction was inversely 

proportional each other since the ethanol production was increased exponentially within 9 hr 

due to the cell growth was high and led to high yield of by-product. Hence, the ethanol 

production was produced slowly after 9 hr and increased the production gradually until 24hr 

due to the mitochondrial activity is depressed and the yeast switches over to oxidative mode to 

consume ethanol as the source of energy and carbon (Bhat, 2008). The final product on the 24 
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