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 Source of energy derived from renewable materials currently more developed. One is 

sugar cane molasses that can be fermented into bioethanol. Production of bioethanol 
production efficiency is further improved by selecting the type of microorganisms, raw 

materials and production processes precise control and optimal. One way to reduce the 

cost of production is to eliminate the cell centrifugation of products because this 
process requires a high cost. The use of flocculant Saccharomyces cerevisiae can be an 

alternative to minimize the cost of centrifugation. This study aimed to obtain the 

substrate concentration, pH value and concentration of thiamine for the maximum 
ethanol production. Substrate concentration of 80 g/L at pH 4.0 and the addition 10% 

inoculum  of flocculant Saccharomyces cerevisiae able to produce ethanol at 34.80 g/L 

with ethanol yield reached 107.09%. The addition of thiamine with a concentration of 
0.1 g/L can accelerate the production of ethanol in the 36th hour which is 13.25 g/L. 
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INTRODUCTION 

 

 In recent years, research, development, and 

industrialisation of renewable energy are currently 

developed worldwide, this is because the global 

crude oil reserve is finite and its depletion is 

occurring much faster than previously predicted (Bai 

et al., 2008). One of the renewable energy and 

environmentally friendly is bioethanol. Bioethanol is 

fermentation alcohol, it’s refers to ethyl alcohol 

produced by microbial fermentation processes. 

Ethanol is used as a fuel, as it offers many 

advantages such as it has lower thermal energy 

content (about 45% less per gallon than diesel), low 

price, and with comparatively less emissions than 

gasoline or diesel. Ethanol has a high octane number 

(99) than petrol (80–100) as a result of which 

preignition does not occur when ethanol is used 

(Mutreja et al., 2011). 

 Bioethanol currently produced from first 

generation feedstock like molasses, cassava, corn, 

and may also be produced from lignocellulosic 

materials like sugarcane bagasse, rice straw. Efficient 

technologies for production of lignocellulosic (or 

second generation) ethanol, however, are still under 

development, and challenges concerning its 

technical, economic and environmental feasibility 

remain to be solved (Dias et al., 2014). Currently, the 

global ethanol supply is produced mainly from sugar 

and starch feedstocks (Bai et al., 2008), one of the 

sugar feedstocks to produce ethanol are sugarcane 

molasses. 

 Molasses has several advantages for the 

bioethanol feedstocks, first, molasses are by-product 

of the sugar refinery process, the availability are 

abundance and low cost. It is the most economical 

source of carbohydrate for ethanol fermentation 

(Najafpour and Shan, 2003). Secondly, pretreatment 

of molasses are more easier when compared with the 

pretreatment of lignocellulosic feedstocks. Third, 

molasses has high sugar content (sucrose, fructose, 

glucose) 45-50% so its potential for the alcoholic 

fermentation medium. 

 Efficient production of bioethanol can be 

obtained in several ways, selection of the appropriate 

microorganism, feedstocks, and fermentation process 

(Choi et al., 2009). Among the yeast, Saccharomyces 

cerevisiae still remains the prime spesies for ethanol 

production. One of the potential yeast are flocculant 

Saccharomyces cerevisiae, can provide a convenient 

means of cell recycling by separating cells from 

culture broth after sedimentation (Kida et al., 1991; 

Choi et al., 2009). When yeast cell flocculate,they 

can be retained and immobilized within fermentors 
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for high cell density to improve ethanol productivity 

(Zhao and Bai, 2009). The flocculation ability can 

increase efficiency and reduce energy consumption 

during the process of cell separation medium (Paula 

and Birrer, 2006).  

 Flocculant Saccharomyces cerevisiae are self 

immobilization cell and have some advantages in 

ethanol fermentation. Firstly, no supporting material 

is consumed,which not only makes the process more 

simple and low cost, but also eliminates the potential 

contamination. Secondly, the growth of flocculant 

Saccharomyces cerevisiae is not significantly 

affected and thirdly, the yeast flocs can be purged 

from the fermentors under controlled conditions by 

sedimentation rather than by centrifugation (Bai et 

al., 2008). 

 Fermentation process and environmental factors 

are another crucial factor for efficient production of 

bioethanol. These factors are substrate concentration, 

pH, aeration, temperature, amount of inoculum, 

fermentation time, agitation speed, and the addition 

of vitamins. Substrate concentration and pH value 

are two important factors that influence the 

production of ethanol as related to metabolism and 

cell survival. While the addition of vitamins and 

nutrients are also required to optimize the synthesis 

of ethanol in the cell. One of the necessary vitamins 

for Saccharomyces cerevisiae is thiamine as a 

coenzyme for pyruvate decarboxylase which has an 

important role in the synthesis of ethanol. Therefore 

we need to optimize these factors in order to improve 

the ability of cells to produce ethanol and acquired 

conditions of effective and efficient processes. This 

study was conducted to optimize the fermentation 

conditions include substrate concentration, pH, and 

concentrations of thiamine to increase ethanol 

production by flocculant Saccharomyces cerevisiae. 

 

MATERIALS AND METHODS 

 

Yeast strain and culture conditions: 

 Flocculant S. cerevisiae NCYC-1195 (National 

Collection of Yeast Cultures, United Kingdom) was 

used for ethanol production in the present work. 

Flocculant S. cerevisiae was stored in YMB media 

supplemented with 60% glycerol at -80 
o
C. YMB 

medium containing (in %): yeast extract 0.3; malt 

extract 0.3; peptone 0.5; and glucose 1.0. The 

prepared media was sterilized at 121 
o
C for 15 min. 

Pre-cultures were inoculated from stored cultured 

and grown at 30 
o
C overnight in 100 ml shake-flasks 

with 10 ml YMB media while stirring at 100 rpm. 

Pre-cultures of (4 ml) were used to inoculate 250 ml 

shake-flasks containing 100 ml of the above media 

(Cappuccino and Sherman, 2005). The inoculums 

was grown for approximately 12 h and used to 

further inoculation. 

 

 

Feedstock collection and preteatment of sugar cane 

molasses: 

 Sugar cane molasses samples were obtained 

from Kebon Agung Sugar Mill, Malang, East Java, 

Indonesia and stored at -4 
o
C until use. Diluted 

molasses medium was acidified to pH 3.3 by using 

sulphuric acid, before heating at 90 
o
C for 10 min. It 

was allowed to cool to room temperature and then 

centrifuged at 3000 rpm for 15 min. The clear 

supernatant was used for fermentation studies. pH 

was adjusted to 5.0 using alkali (Mariam et al., 

2009). 

 

Batch fermentation: 

 Batch fermentation experiments on the effects of 

substrate concentrations, pH value and thiamine 

concentrations were run in a fermentor (INFORS HT 

MINIFORS) with a 1 L working volume, strirred at 

105 rpm, and temperature was controlled at 30 
o
C. 

The pH value was controlled by automatic addition 

of 2 N NaOH or HCl. The fermentor was sealed and 

equipped with a syringe for sample removal. The 

experiments were started by adding the 10 % of 

starter culture into the medium containing different 

amounts of total sugar. The experiments were carried 

out for 3 days and monitored by harvesting 10 ml 

samples every 12 h for analyses. 

 

Analytical methods: 

 Sugars (sucrose, glucose fructose) in molasses 

were quantified by HPLC (Knauer) provided with a 

Refractive Index (RI) detector at 40 
o
C and Aminex 

HPX-87C column at 85 
o
C with flow rate of 0.5 ml 

min
-1

. Calcium content was determined with Atomic 

Absorption Spectrophotometry (AAS), ash content 

was determined with gravimetry methods. The total 

soluble solids were determined using hand 

refractometer according to (ICUMSA, 1998). Sugar 

content was approximated by using the 3,5-

dinitrosalicylic acid method (Miller, 1959). pH was 

measured using pH meter (HANNA). Cell growth 

was determined by measuring the optical density 

(OD) at 600 nm using a spectrophotometer 

(JENWAY 6305).The cell dry weight was obtained 

using a calibration curve. The cell dry weight was 

proportional to cell turbidity and absorbance at 600 

nm. Ethanol were measured using a gas 

chromatograph (Hewlett Pacard 5890 Series II) 

equipped with a 30 m CBP-1 column and FI (Flame 

Ionized) detector. The column temperature for 

ethanol analyzing were 120 
o
C. The injection port 

and flame ionization detector temperature for ethanol 

was 200 
o
C. Helium (He) used as the carrier gas for 

ethanol,was set at gas flow rate 0.5 ml min
-1

. 

 

RESULTS AND DISCUSSION 

Chemical composition of sugar cane molasses: 

 The chemical composition of sugar cane 

molasses before and after pretreatment is presented 

in Table 1. The molasses contained 84.6 
o
brix, 
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34.80% sucrose, 8.36% fructose, 3.81% glucose, 

51.94% total sugar, 8.55% ash (w/v) on dry weight 

basis. The pH value of obtained molasses was 5.85. 

This result indicated that chemical composition of 

sugar cane molasses were in close agreement to those 

reported by Gasmalla et al. (2012), who found that 

Sudanese sugar cane molasses contained 49.55% 

total sugar, 32.35% sucrose, 5.8 pH value, and 84.25
o 

brix value. 

 
Table 1: Chemical composition of sugar cane molasses before and after pretreatment 

Parameter Before Pretreatment After Pretreatment 

Total Sugar (%) 51,94 30-34 

Sugar content (%):   

Glucose 3,81 7,46 

Fructose 8,36 9,25 

Sucrose 34,80 18,18 

pH 5,85 5,00 

Total soluble solids (oBrix) 84,6 48,9 

Ash (%): 8,55 7,12 

Calcium (ppm): 392,65 31,33 

 

 Total sugar in molasses is still too high (51.94%) 

to be used directly as a fermentation medium, 

therefore is necessary to proceed with the process of 

dilution and pretreatment. Dilution process aims to 

reduce the concentration of sugar because 

fermentation in high sugar concentration can cause 

high osmotic pressure on yeast cell. Pretreatment 

aims to eliminate impurities and reduce the levels of 

calcium. Impurities in the molasses comes from the 

process in sugar factory. High level of calcium and 

impurities can hindered the operation in the alcohol 

distillation tower and sometimes even blocked the 

whole process, leading to stop the distillation flow 

(Xu et al., 2012). Therefore it is necessary for the 

pretreatment process. From the table 1, all 

composition was decreased after pretreatment. 

During pretreatment process, contaminant 

microorganism could also be eliminated along with 

suspended inorganic compounds and impurities. 

Pretreatment of molasses medium also shown 

significant influence on ethanol production, final 

concentration of ethanol was improved by 21% in 

pretreated medium (Pradeep and Reddy, 2010). 

 

Influence of substrate concentration, pH and 

thiamine concentration on cell growth: 

 The batch experiment was perform with various 

substrate concentration (40; 80; and 120 gL
-1

), pH 

value (4.0; 4.5; 5.0; and 5.5) and thiamine 

concentration (0.1; 0.2; and 0.3 gL
-1

) and evaluated 

for its influence on cell growth as presented in Figure 

1.

 

 



9                                                                   Elda Nurnasari et al, 2015 

Australian Journal of Basic and Applied Sciences, 9(31) September 2015, Pages: 6-17 

 

 
 

Fig. 1: Graphical representation of cell growth (A) influence of substrate concentration (B) pH and (C) thiamine  

consentration. 

 

 As shown in Fig.1, flocculant S. cerevisiae 

NCYC-1195 takes a long time (48 hours) for 

adaptation or the lag phase, it can be seen from the 

OD value was very slow. Phase lag is a condition in 

which cells undergo a very slow growth (specific 

growth rate, μ = 0) (Walker, 1998). After 48 hours, 

cells enter the log phase characterized by the rapid 

increase in OD values. The length of time adaptation 

is also due to the high content of sucrose in the 

fermentation medium. Based on the data in Table 1. 

The content of sucrose in the molasses reached 

34.80%, S. cerevisiae only use sugar in the form of 

monosaccharides to perform cell metabolism. S. 

cerevisiae have different patterns in the consumption 

of glucose, fructose and sucrose. Glucose and 

fructose have a similar pattern for both types of sugar 

is a monosaccharide, but the consumption of fructose 

is slower than glucose consumption. because S. 

cerevisiae are glucophilic, whereby cells utilize 

glucose faster than fructose (Bartels et al, 2004). S. 

cerevisiae takes time to break down sucrose into 

glucose and fructose before fermentation. Digesting 

sucrose requires that the disaccharide be broken 

down into its constituent sugars, a reaction catalyzed 

by the enzyme invertase which is secreted into the 

periplasmic space between the plasma membrane and 

the cell wall (Carlson et al, 1982). 

 

Influence of substrate concentration: 

 In the present study, sugar cane molasses 

containing various total sugar concentration was 

performed to develop ethanol production. The initial 

total sugar concentration in the batch fermentations 

were 40, 80, and 120 gL
-1

 tested at 30
o
C and pH 4.0. 

The experimental condition and the result 

summarized in Fig.2 show the changes in ethanol 

concentration at different initial total sugar 

concentration in 3 days incubation period.  

 

 
 

Fig. 2: Changes in ethanol concentration under different substrate concentration after 3 days incubation at 30
o
C  

and pH 4.0 

 

 Substrate concentration affected the production 

of ethanol, as shown in Fig.2, higher substrate 

concentrations may achive higher ethanol 

production, but the highest ethanol concentration was 

achived in 80 gL
-1

 initial total sugar concentration 

which is 34,80 gL
-1

. 
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 Ethanol production increased when cells enter 

the log phase. This is because the log phase of 

growth is rapid so that the ability of cells to 

transform the substrate into ethanol is going well. 

Ethanol content may still be increased because not all 

of substrate consumed, there is still residual 

substrate, cells of S. cerevisiae have not entered the 

stationary phase. The maximum ethanol production 

is achieved when cells enter stationary phase because 

the cell doesn’t use substrate for the growth (Mutreja 

et al, 2011). 

 Ethanol production is influenced by the substrate 

concentration, the higher the concentration of 

substrate will produce high ethanol but requires a 

longer fermentation time. According to Lin et al 

(2012) substrate fermentation of ethanol in a 

concentration above 80 gL
-1

 at 30 ° C will require a 

longer time. From the Fig.2 with 120 gL
-1

 initial total 

sugar concentration ethanol production reached 29.3 

gL
-1

 but only 75.54 gL
-1

 sugar consumption by yeast. 

This indicates that the fermentation time for 72 hours 

was too fast so not all sugar can be consumed, 

ethanol production can be increased further if the 

fermentation time increased. Based on Lin et al study 

(2012) of ethanol production reached a maximum of 

144 hours obtained at the substrate concentration of 

160 gL
-1

. 

 

 
 

Fig. 3: Changes in cell dry weight under different substrate concentration after 3 days incubation at 30
o
C and  

pH 4.0 

 

 Based on Figure 3 shows that the growth of cells 

in the first 48 hours looks very slow it is suspected 

that the cell is still in the lag phase or environmental 

adaptation so that the cell dry weight increases 

slowly. 

 

 
 

Fig. 4: Changes in total sugar under different substrate concentration after 3 days incubation at 30
o
C and pH 4.0 
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 Figure 4 shows the sugar consumption trends of 

various substrate concentration were similar, with a 

sharp reduction of substrate after 48 until 72 hours. 

Substrate concentration decreases with increasing 

time of fermentation and cell growth. For next 24 h, 

S.cerevisiae enters the log phase utilizing the 

consumable sugars derived from cellulose, which, in 

turn, increased the percentage of ethanol produced 

during fermentation. Substrate concentration 

decreases rapidly and the growth is very fast, 

requires a substrate that is a lot to do with the rapid 

cell division. Log phase is also characterized by the 

increase of cell dry weight quickly starting at the 60 

hour. This indicates that during fermentation cells 

consume substrate for growth and multiply (Sarfat et 

al, 2013). The fermentation process is significantly 

dependent on the effectiveness of sugar transporters 

of S. cerevisiae cells on translocating different sugars 

across the cell membrane Sugar transporters are 

membrane bound proteins that take up sugars from 

the environment and deliver them to the metabolic 

pathways insides cells (Itelima et al, 2013). 

 Ethanol production is influenced by the substrate 

concentration, the higher concentration of substrate 

will produce high ethanol but requires a longer 

fermentation time. High substrate concentration can 

also increase the osmotic pressure which can disrupt 

cellular metabolism and fermentation efficiency 

(Gaur, 2006; Pradeep et al, 2010). Ethanol 

production may still be increased because not all of 

substrate consumed, there is still residual substrate, 

cells of S. cerevisiae have not entered the stationary 

phase. Ethanol production reaches the maximum 

during the stationary phase of the organism (Mutreja 

et al, 2011). This indicates that the fermentation time 

for 72 hours was too fast so not all sugar can be 

consumed, ethanol production can be increased 

further if the fermentation time increased. Based on 

Lin et al study (2012) of ethanol production reached 

a maximum of 144 hours obtained at the substrate 

concentration of 160 g/L. 

 
Table 2: Results of calculation biomass yield, and products yield produced from the fermentation of molasses. 

Fermentation 

time 

40 g/L 80 g/L 120 g/L 

Biomass Yield 
(Yx/s) 

Product Yield 
(Yp/s) 

Biomass Yield 
(Yx/s) 

Product Yield 
(Yp/s) 

Biomass Yield 
(Yx/s) 

Product Yield 
(Yp/s) 

hours (g dry cell/ g 

substrate) 

(g ethanol/ g 

substrate) 

(g dry cell/ g 

substrate) 

(g ethanol/ g 

substrate) 

(g dry cell/ g 

substrate) 

(g ethanol/ g 

substrate) 

0 0.000 0.000 0.000 0.000 0.000 0.000 

24 0.019 0.072 0.029 0.000 0.009 0.028 

48 0.025 0.052 0.010 0.605 0.004 0.030 

72 0.118 0.527 0.062 0.546 0.094 0.379 

 

 Biomass yield increased when cell enters the log 

phase, where the highest biomass yield 0.118 g dry 

cells / g substrate achieved on the 72
th

 hour. In these 

conditions the cells more active in metabolism and 

utilize substrates to produce biomass. Yield product 

(ethanol) also reached the highest at 72 hours which 

is equal to 0.527 g ethanol / g substrate. The 

maximum theoretical ethanol yield was of 0.51 g 

ethanol / g glucose or 51%, calculated by the reaction 

stoichiometry. The results showed that the yield of 

ethanol research is greater than the maximum value 

of the theoretical ethanol yield. According Demain et 

al (2005) yield of ethanol can exceed 92-95% of the 

theoretical yield, this is because the ATP generated 

by glycolysis cells used not only for growth but also 

be used for other cell functions such as maintaining 

cell of inhibition of ethanol and of conditions of 

nutritional deficiencies. Based on research Borzani 

and Jurkiewicz (1998) there are two assumptions 

which may explain the yield of ethanol produced is 

greater than the theoretical ethanol yield, the first is 

the accumulation of ethanol while the yeast cells 

which will then be diffused into the medium, the 

second is the transformation of sugar into the 

extracellular compounds that are not detected at the 

beginning of the fermentation process which would 

then be fermented into ethanol. 

 On the condition of fermentation of molasses 

with the substrate concentration of 80 g / L on the 

initial time (zero hours) contained ethanol at 1.2 g / L 

this is already happening because the fermentation 

process so that in the starter culture before 

fermentation process already formed ethanol in the 

fermenter although in small quantities. Just like the 

previous fermentation conditions on fermentation of 

molasses with the substrate concentration of 80 g / L 

ethanol yield research (0.546 g ethanol / g substrate) 

is greater than the theoretical ethanol yield (0.510 g 

ethanol / g substrate), this means that the 

fermentation takes place in an efficient condition. 

 Ethanol yield only 0.379 g ethanol / g substrate, 

it is because not all of the substrate can be converted 

to ethanol fermentation due to lack of time. This is 

also demonstrated by the presence of residual sugar 

that has not been consumed in the 72nd hour. Still 

the amount of residual sugar that has not been 

consumed showed that fermentation has not been 

completed and requires a longer time. From the 

research Baptista et al (2006) fermentation of 

molasses by S. cereviceae NCYC 1119 at substrate 

concentration of 100 g / L to produce ethanol at 40 g 

/ L for 192 hours. 

 

Influence of pH: 

 Ethanol fermentation can be improved by 

controlling various parameters. Temperature and 

substrate concentration are the important factors, pH 

is also a key factor that affects ethanol fermentation. 
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pH value affects the growth and fermentation rate of 

yeast and influences the constitution of fermentation 

products (Liu et al, 2015). In this research changes in 

ethanol were investigated to estimate the activity of 

ethanol production with changes in pH. This was 

examinated at pHs 4.0, 4.5, 5.0, and 5.5 in an 

anaerobic jar fermentor. 

 Figure 5 shows the results of ethanol 

concentration under different pH after 3 days 

incubation at 30
o
C and 80 gL

-1
 of initial substrate 

concentration. The highest ethanol concentration for 

all fermentation at different pH was achieved at pH 

4.0 which is 34,80 gL
-1

. Ethanol concentration is 

greatest when the pH of the reaction is fixed to a 

lower acidic level. As the pH increases, the reaction 

yield decreases. Slightly acidic pH, around 4.0, is 

optimal for yeast fermentation. Lower pH levels 

ensure that the yeast functions under minimal 

internal stress and therefore can ferment glucose into 

ethanol more efficiently. This is similar with the Lin 

et al (2012) who reported that pH 4.0 may be 

regarded as the operational limit for the ethanol 

production process.  

 

 
 

Fig. 5: Changes in ethanol concentration under different pH after 3 days incubation at 30
o
C and 80 gL

-1
 of  

substrate concentration 

 

 pH 4.5, 5.0, and 5.5 shows that ethanol 

concentration was decreased which is 11,40, 3,10, 

dan 15,90 gL
-1

. Higher pH levels may caused 

denaturing of the enzyme that help yeast to ferment. 

Lin et al (2012) study results that ethanol 

concentration reached a maximum in fermentation 

for 168 hours (pH 5.0) and 72 hours (pH 4.0). So at 

pH 4.0 fermentation rate are higher and thus require 

less time to use a substrate that is converted into 

product (ethanol). 

 

 
 

Fig. 6: Changes in cell dry weight under different pH after 3 days incubation at 30
o
C and substrate 

concentration 80 gL
-1
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 Based on Figure 6, the growth of flocculant S. 

cerevisiae on pH 4.0, 4.5 and 5.0 have the same 

pattern that takes 48 hours for adaptation or the lag 

phase. However, at pH 5.5 in the 24th hour, cells 

already showed an increase of cell dry weight which 

indicates the cell has entered the log phase. This 

suggests that flocculant S. cerevisiae NCYC-1195 

grow well at pH 5.5. According Roehr (2001) 

fermentation medium with a low pH (<4.0) will 

reduce the pH in the cytoplasm of the cell so it will 

decrease the activity of intracellular enzymes. This 

will inhibit the growth of yeast. Optimum pH for 

fermentation is 4 until 5. At a pH below 3, the speed 

will be reduced fermentation. This is because the pH 

of the fermentation medium effect on cell growth so 

that certain enzymes will only used the substrate in 

appropiate with the activity at a specific pH. 

 Figure 6 shows that cell growth pattern of 

flocculant S. cerevisiae NCYC 1195 at pH 5.5 

different with pH 4.5 and 5.0. Cell adaptation time is 

faster (12 hours) and enter log phase at 24
th

 hour. 

This suggests that cells of flocculant S. cerevisiae has 

an optimal medium to grow in pH 5.5. But higher 

cell growth rate doesn’t similar with ethanol 

production which is very slow and only produced 

ethanol 15.9 g / L in 72th hours. This means that 

during the fermentation of sugar consuming cells to 

grow and multiply, but only a small fraction of cells 

converted into ethanol. According Damtew et al 

(2012) if sugar are fermented in the presence of 

adequate amount of nitrogen, less alcohol is formed 

because the environment is more favorable for the 

growth of the yeast. Fermentation time is also one of 

the causes of low production of ethanol, the residual 

sugars showed that fermentation has not been 

completed in 72 hours. 

 

 
 

Fig. 7: Changes in total sugar under different pH after 3 days incubation at 30
o
C and substrate concentration 80  

gL
-1

 

 

 Figure 7 shows that at the 72 hours still 

contained sugar that has not been consumed, it 

indicates that the fermentation process is not over 

and the possibility of ethanol production can be 

increased. At pH 4.0, only 15,42 gL
-1

 of sugar was 

left unfermented (Table 2) and ethanol yield was 

0,528 (g ethanol/g substrate) greater than the 

theoretical ethanol yield (0.510 g ethanol/g 

substrate), this means the fermentation takes place in 

an efficient condition. 

 At pH 4.0-5.0 can be regarded as the operational 

limit for ethanol production process is anaerobic, or 

in a state of low oxygen availability. This is because 

the cells of S. cerevisiae requires a fraction of 

oxygen to synthesize unsaturated fatty acids as a 

component in the formation of cell membranes (Lin 

et al, 2012; Patrascu et al, 2009). At pH 5.5-6.0 and 

30 ° C fermentation also increase the formation of by 

products compounds such as acetic acid, butyric acid, 

causing the formation efficiency of ethanol to be 

reduced (Lin et al, 2012). 

 
Table 3: Results of calculation biomass yield, and products yield produced from the fermentation of molasses in three different pH value 

Fermentation time pH 4.5 pH 5.0 pH 5.5 

Biomass Yield 

(Yx/s) 

Product Yield 

(Yp/s) 

Biomass Yield 

(Yx/s) 

Product Yield 

(Yp/s) 

Biomass Yield 

(Yx/s) 

Product Yield 

(Yp/s) 

hours (g dry cell/ g 

substrate) 

(g ethanol/ g 

substrate) 

(g dry cell/ g 

substrate) 

(g ethanol/ g 

substrate) 

(g dry cell/ g 

substrate) 

(g ethanol/ g 

substrate) 

0 0.000 0.000 0.000 0.000 0.000 0.000 

24 0.002 0.086 0.015 0.046 0.044 0.040 

48 0.004 0.044 0.012 0.022 0.057 0.041 

72 0.270 0.228 0.103 0.055 0.115 0.243 
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Influence of thiamine concentration: 

 Ethanol fermentation besides influenced by 

environmental factors such as temperature, pH, 

substrate concentration and agitation speed, 

availability of nutrients that support cellular 

metabolism also affect the fermentation process. The 

fermentation of glucose to ethanol represents a series 

of coordinated enzymatic reactions. This process is 

internally balancing and thermodynamically 

favorable provided that cellular enzymes consume 

the net ATP generated from substrate-level 

phosphorylation. The requirements for this process 

include glucose, functional enzymes, coenzymes 

(NAD+, thiamine pyrophosphate, ADP, ATP), 

cofactors (Mg2+, Zn2+), appropriate internal pH, a 

functional membrane to maintain the concentration 

of reactants and enzymes, and a glucose uptake 

system. Indeed, fermentation can proceed well in 

concentrated preparations of disrupted cells (Dombek 

and Ingram, 1987). 

 One effort to improve the conversion of glucose 

to ethanol is the addition of nutrients that catalyzed 

the reaction of ethanol formation from pyruvate 

(glycolysis). One of the nutrients that affect the 

metabolism of yeast during ethanol fermentation is 

vitamin B1 or thiamine (Muller et al, 1999; Xing 

Huajing, 2007). The best results in the optimization 

of substrate concentration and pH are used for 

optimization of thiamine concentration. In this study, 

the concentration of substrate used was 80 gL
-1

 at pH 

4.0 and using three levels of thiamine concentration 

is 0.1, 0.2 and 0.3 gL
-1

, it is to determine the 

optimum thiamine concentration for cell growth and 

for ethanol production. 

 

 
 

Fig. 8: Changes in ethanol concentration under different thiamine concentration after 3 days incubation at 30
o
C,  

pH 4.0 and 80 gL
-1

 of substrate concentration 

 

 The highest ethanol production reached at the 

36th hour, amounting to 13.3 gL
-1

, but decreased in 

the next hours. This is consistent with research 

Breisha (2010) which states that the addition of 

thiamine can accelerate the formation of ethanol on 

48
th

 hours has been formed ethanol of 12%, but 

decreased in the next hour. This is due to the addition 

of thiamine will reduce the accumulation of pyruvate 

thereby increasing the conversion of pyruvate to 

ethanol and this resulted will increase the rate of 

fermentation (Trevelyan and Harrison, 1954; Xing 

Huajing, 2007). 

 Thiamine acts as a coenzyme in the metabolism 

of yeast during fermentation. The active form of 

thiamine in the chemical reaction is thiamine 

pyrophosphate (TPP). These compounds are 

involved in the reaction of pyruvic acid changes into 

CO2 and acetaldehyde. TPP acts as a coenzyme for 

the enzyme α-keto acid dehydrogenase. This enzyme 

will break the adjacent C-C bonds into carbonyl 

group to produce CO2 and acetaldehyde (Park et al. 

2003). This reaction results will then be transferred 

into coenzymeA. Once formed, the acetaldehyde can 

be directly reduced to ethanol by the enzyme alcohol 

dehydrogenase (Hohmann and Meacock 1998; Xing 

Huajing, 2007). 

 The highest ethanol production from 

fermentation with 0,2 gL
-1 

thiamine concentration 

was achieved in 60
th

 hours which is equal to 10.5 gL
-

1
, but not different from the production of ethanol in 

72
th

 hours were 10.4 gL
-1

. The low production of 

ethanol can be caused by lack of due thiamine 

concentration in molasses fermentation conditions, 

so the addition of thiamine with a concentration of 

0.2 gL
-1 

have not been able to increase the rate of 

fermentation and ethanol production significantly. 

The second possibility is due to the high 

concentration of nitrogen in the fermentation 

medium, because according to Bataillon et al (1996) 

thiamine no effect on the rate of fermentation in a 

medium containing a lot of nitrogen and will affect 
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the condition of few nitrogen. In this study urea was 

added as a nitrogen source at 0.2%. 

 Thiamine is important in the metabolism of 

yeast cells, but in small concentrations. Thiamine can 

be synthesized by yeast cells in the form of thiamine 

pyrophosphate (TPP) before involved in the 

metabolic pathways (Huajing, 2007). However, if the 

concentration is too small, the TPP will utilize 

thiamine yeast cells that are outside the cell. In 

thiamine concentration of 0.1 gL
-1 

can accelerate the 

production of ethanol at 36 hours, but at 

concentrations of 0.2 and 0.3 gL
-1 

was not able to 

increase the production of ethanol and accelerate the 

formation of ethanol. This is because at 

concentrations of 0.2 and 0.3 gL
-1 

thiamine 

accumulation in yeast cells, the increase in the 

concentration of thiamine can inhibit cell growth in 

the fermentation process. Thiamine concentration 

that is too large can cause increased production of 

pyruvate, whereas S. cerevisiae cells naturally can 

only store a small amount of pyruvate in (Xu et al, 

2012).

 

 
 

Fig. 9: Changes in cell dry weight under different thiamine concentration after 3 days incubation at 30
o
C, pH  

4.0 and substrate concentration 80 gL
-1 

 

 
 

Fig. 10: Changes in total sugar under different thiamine concentration after 3 days incubation at 30
o
C, pH 4.0  

and substrate concentration 80 gL
-1 

 

 The observation of total sugar and cell dry 

weight on the addition of thiamin 0.1 g / L is 

presented in Figure 9. According to Figure 9, the 

pattern of cell growth of flocculant S. cerevisiae 

NCYC 1195 at pH 4.0 and addition of thiamin with a 

concentration of 0.1 g / L still the same as the 

previous fermentation conditions takes 48 hours to 

perform adaptation (lag phase) and at 60 hours to 

enter the log phase. in the first 48 hours looks very 

slowly because at that time the cells are still in a lag 

phase or environmental adaptation so that the weight 

of dry cells grow slowly. Substrate concentration 

decreases with increasing time of fermentation and 

cell growth. At the 60th hour of cell growth increase 
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very quickly and at 72th hours dry cell weight reach 

to 7,543 g / L and residual sugars of 24.03 g / L. 

 Cell growth pattern of flocculant S. cerevisiae 

NCYC 1195 at different thiamin concentration is still 

the same as the previous fermentation conditions 

takes 48 hours to perform adaptation (lag phase) and 

at 60 hours to enter the log phase. The rate of cell 

growth may still continue to grow because the cells 

have not entered the stationary phase and maximum 

use of the substrate is also not characterized by the 

existence of the remaining sugar. 

 The cell growth pattern of flocculant S. 

cerevisiae NCYC 1195 conditions with a molasses 

fermentation substrate concentration of 80 g / L, pH 

4.0, and thiamin concentration of 0.3 g / L, was 

similar to the pattern of growth in the previous 

fermentation conditions that the phase lag takes for 

48 hours and at 72 hours to still be in the log phase. 

This is indicated by the cell dry weight gain very fast 

start to 60 hours and at 72 hours to reach 9.359 g / L. 

At 72 hours the cells have not reached stationary 

phase so cell still reproductive and cell dry weight is 

still increase. Cell growth increased along with 

decreasing substrate but in the remaining 72 hours 

into the substrate of 10.14 g / L, so in 72th hours has 

not reached the end of fermentation. The increase of 

the cell growth rate is not accompanied by the 

formation of the product (ethanol production), which 

only reached 9.4 g / L at 72 hours. Just like the 

previous fermentation conditions is due to the low 

production of ethanol utilizing many cell substrate 

for cell reproduction. 

 

Conclusion: 

 The highest ethanol production amounted to 

34.80 g / L was obtained at a substrate concentration 

of 80 g / L, pH 4.0, and without giving thiamin. The 

resulting ethanol yield is 55% more than the 

theoretical ethanol yield is equal to 51%. This 

indicates that the fermentation conditions in this 

study is efficient. Thiamin concentration of 0.1 g / L 

is able to accelerate the formation of ethanol in 36
th 

hours but has not been able to increase the 

production of ethanol. 
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