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Abstract
Indonesia's oil production has declined, while demand for derivative products is increasing. Objective of this research
are to understand effect of reducing sugar and total nitrogen variation to ethanol production and fermentation
efficiency, cell viability, acidity, temperature, dissolved oxygen with molasses by Saccharomyces cerevisiae (SAF Instant).
Step of this research consist of determination of reducing sugar, ethanol fermentation, total nitrogen determination,
ethanol determination and data analysis. Treatment of reducing sugar (GR) and total nitrogen (N) (g.L"l) that are GR 100
N O, GR100N 6, GR100 N 10, GR125N 0, GR 125 N 6 and GR 125 N 10. Fermentation was carried out for 72 hours with
three replications. Observation parameters every 24 hours are ethanol and reducing sugar concentration, temperature,
acidity and dissolved oxygen. Highest ethanol resulted from GR 125 N 6 (3.68 g.L'l) and GR 100 N 6 (3.53 g.L’l). Low
reducing sugar consumption inhibited by by-product of yeast metabolism and molasses chemical compound, lead
leaves high sugar concentration (>80 g.L'"). GR 100 N 6 and GR 125 N 6 have highest fermentation efficiency (69 and 57
%). There was no increase in temperature and decrease in pH significantly (a>0.05). Dissolved oxygen decreased
significantly (a>0.05) at the early of fermentation and decrease until the end of fermentation. Total nitrogen 6 g g.L'l

has the highest fermentation efficiency.
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INTRODUCTION

Indonesia's oil production has declined, while
demand for derivative products is increasing.
Comparison of ethanol and the need for
production in 2012 reached 15: 1 [1]. One of the
solutions is use ethanol for replacing fossil fuel.
The advantages of ethanol use for transportation
purpose that it can be produced every time and
low of CO® emission [2].

Saccharomyces cerevisiae is active microbe in
the conversion of glucose to ethanol. Yeast
growth is influenced by nutritional factors and
environmental factors. The main nutrients that
are important in the life of yeast cells are source
of carbon, nitrogen, oxygen, and hydrogen. Other
materials needed in small amounts for the cell
(element phosphorus, sulphur, potassium and
magnesium). The critical environmental parame-
ters are temperature, pH, and oxygen and air
pressure [3].

The major raw material for ethanol
production in Indonesia is molasses. Molasses is
a sugar cane factory waste and is not widely used
as a staple food as in the case with starchy
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materials [4]. Molasses has been used because
this material does not require pre-treatment
processes, so microbes can use it directly for
metabolism [5].

However, the use of the concentration of
reducing sugar in the molasses as a carbon
source and additional nutrients in the form of
urea as a nitrogen source was varied in each
industry that use it. This research is important to
understand the variation on the use of reducing
sugars and total nitrogen in increasing ethanol
production which is expected to encourage
energy independence and reduce reliance on
fossil energy sources.

MATERIALS AND METHODS
Total Nitrogen and Calcium (Ca) Concentration
Measurement

Total nitrogen measured use the Kjeldahl
method [6]. Calcium concentration of molasses
use Indonesian standard method/SNI [6].

Measurement of Reducing Sugar Concentration

Concentrations of reducing sugar of pure
molasses and molasses was measured for every
24 hours in the fermentation process using 3,5-
dinitrosalicylic (DNS) method [7].
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Ethanol Fermentation

The molasses was diluted with distilled water
to make a reducing sugar concentration 125 g.L'1
and urea has added 0.37 g.L'1 (pH 5.5). Molasses
was boiled at a temperature of 100°C for 10
minutes. The fermentation processes was consist
of enrichment, pre-fermentation and fermenta
tion.

Total of 20 ml of sterile molasses was added
with 2 g of SAF Instant Yeast Gold Label and
homogenized at a speed of 120 rpm for 3 hours
at 30°C (enrichment). These results was poured
into a sterile molasses to the volume of 200 ml
and incubated at a speed of 120 rpm for 12 hours
at 30°C (pre-fermentation). After it was moved to
the sterile molasses with reducing sugar
concentration and nitrogen setting (Table 1) to
1000 ml volume and incubated at a speed of 300
rpm for 72 hours.

Table 1. Treatment of Total N and reducing sugar
concentration

Treatment
Reducing Sugar (g.L™")  Total Nitrogen (g.L™)
1 100 2.7
2 100 6
3 100 10
4 125 3.3
5 125 6
6 125 10

Ethanol Measurement
Ethanol concentration was measured using
Dichromatic Acid Method [8].

Fermentation Efficiency
Fermentation efficiency was estimated using
theoretical and real concentration of ethanol [9].

TE=SKxVx0.511

Ethanol total -Initial ethanol

FE = —
End sugar -Initial sugar
Ethanol ¥ield (g}
FE = ~ X 100
Theoreatical ethanol %
Description:
TE  =theoretical ethanol
SK  =sugar concentration
\" = volume of fermentation medium
FE =fermentation efficiency

Fermentation Parameter

Parameters was measured consisted of
acidity, temperature and dissolved oxygen (DO).
Acidity was measured using pH meter, the
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temperature measured by the thermometer,
while DO was measured with DO meter.

RESULT AND DISCUSSION
Ethanol Production and Reducing Sugar
Concentration

Highest ethanol concentration was produced
is GR 100 N 6 (35.3 g.L ™" or 3.53 %) (Fig. 1) and GR
125 N 6 (36.85 g.L’1 or 3.68 %) (Fig. 2). Increasing
of ethanol concentrations was significantly (a>
0.05) occurred at 24 hours. Largest ethanol
production occurs in the first 24 hours in the
fermentation process [10]. This is caused by an
increase in the fermentation process up to 10 %
in the early phase of fermentation [11].
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Figure 1. Effect of reducing sugar initial concentration 125
g.L’1 to reducing sugar concentration (close
symbol) and ethanol concentration (open
symbol)

Total nitrogen 0.27 & 0.33 g.L™ (¢ & 0), 6 g.L'} (m
&0),10g.L (A &A)

Result of ethanol fermentation with treat-
ment of GR 100 N 6 and GR 125 N 6 were
significantly differences with the other (a = 0.05).
Reducing sugar concentration of 125 g.L'l
resulted in higher ethanol concentrations than
reducing sugar 100 g.L"l. Ethanol vyield s
influenced by the concentration of the substrate,
the higher the substrate (not more than 15 %),
produced the higher ethanol yield [12].

Treatment of total nitrogen 6 g.L'l influence
the concentration of produced ethanol. Addition
of urea for increasing nitrogen concentration
which  produced the maximum ethanol
concentration was 6 g.L‘l. Nitrogen is a major
nutrient that influence fermentation efficiency
and at the same time also become a limiting
factor to the fermentation process. Limitations of
the nitrogen will lead to a decrease in sugar
transport activity in the stationary phase
resulting in a decrease in the rate of
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fermentation. The presence of nitrogen triggers
the rate of metabolism of sugar and ethanol
production [13].

Reducing sugar in all treatments decreased
slightly so that a reducing sugar is still remains in
a high concentration. This indicates that the
fermentation process is not running optimally.
Inhibition of this process of reducing sugar
consumption may occur due to the influence of
chemical compounds inside the compound of
molasses and yeast cell metabolism. One of the
compounds derived from molasses is sulphur
dioxide [14].
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Figure 2. Effect of reducing sugar initial concentration 100
g.L’1 to reducing sugar concentration (close
symbol) and ethanol concentration (open
symbol)

Total nitrogen 0.27 & 0.33 g.L* (¢ & ¢0), 6 g.L'  (m
&0),10g.L" (A &A)

Sulphur dioxides have antimicrobial effects by
means of penetrating cell membranes and
interfere with the activity of enzymes and
proteins in the cell. When sulphur dioxide is
added to the fermentation process, there will be
a decrease in the rate of fermentation and
increased production of acetaldehyde. Sulphur
dioxide inhibits an enzyme that inhibits the SH-
group and NAD [15].

Some of the yield compounds of yeast cell
metabolism include furfural, 5-hydroxymethyl-
furfural (HMF), acetic acid [15] and propionic acid
[16]. Furfural and HMF at concentrations more
than 0.5 % led to a decrease in sugar consump-
tion and a decrease in the concentration of
ethanol (7.5% and 26%). While the acetic acid
concentration more than 0.15% causes reduction
of ethanol concentration and productivity [17].
Furfural was caused to the accumulation of
reactive oxygen species (ROS), mitochondrial
membrane damage, and damage to the vacuole
membrane, nucleus and actins chromatin
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damage [18]. Concentration of 0.68 % propionic
acid is toxic for Saccharomyces cerevisiae [17].

Effect of Reducing Sugar and Total Nitrogen to
Fermentation Efficiency

The highest fermentation efficiency is GR 100
N 6 treatment (69%). This was followed by
treatment of the GR 125 N 6 by 57%. This
fermentation efficiency showed that the total
nitrogen treatment at 6 g.L’1 was able to improve
the efficiency of fermentation. Fermentation
media in the form of molasses had a
fermentation efficiency of 68.5% [11]. The
decline in the efficiency of the fermentation was
due to the high concentration of reducing sugars
and other components that were toxic [19].
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Figure 3. Ethanol Fermentation Efficiency after 72 hour

Efficiency of ethanol fermentation decreases
with increase in sugar concentration resulting in
increased osmotic pressure of the media or the
number of cells that over capacity due to the
high concentration of substrate. The high
concentration of substrate inhibits the growth of
yeast cells that lead to high osmotic pressure and
low water concentration. This causes the yeast
cells become dehydrated [20]. N concentration of
6 g.L™" led to the increased cell viability so that
the process of carbohydrate metabolism (ethanol
fermentation) increased [21].

Effect of Reducing Sugar and Total Nitrogen to
Fermentation Parameters (T, pH and DO)

An increase on temperature of all treatments
during the initial fermentation process (24 hours)
were not significant (a>0.05) (Fig. 4). It indicates
the process of carbohydrate metabolism. The
increase on temperature in the initial phase of
fermentation (first 24 hours) caused by
exothermic metabolic activity (heat generating)
by the microbial population [11].

Fermentation temperature at initial phase
occurred at yeast fermentation of glucose (9 g or
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1.7 kcal). The energy is sufficient to raise the
temperature of 17.9°C medium. Increased of the
17.9°C temperature was not observed either
because there is a process made possible release
into the environment temperature [12].
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Figure 4. Effect of treatment to temperature during
ethanol fermentation
GR 100 N 0.27 (4), GR 125 N 0.33 (¢), GR 100 N
6 (m), GR125N 6 (0), GR 100 N 10 (A), GR 125
N 10 (A)

In general, a decrease of the acidity (pH) in all
treatments of the fermentation process, were
not significant (a>0.05) (Fig. 5). According to
Khongsay et al. [22], when the fermentation
process using a batch system, decrease the
acidity of the medium to 0.25 in the early phase
of fermentation (24 hours), then a decrease in pH
occurs slowly.

When the yeast to metabolize carbohydrates
also produced acetic acid and formic acid, has
cause decrease of the acidity of the growth
medium. Decrease of the acidity is closely linked
to the consumption of nitrogen and release of H'
ions. The acid is lipo-soluble can enter the cell
through the plasma membrane and intracellular
acidity affect [23].
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Figure 5. Effect of treatment to acidity during ethanol
fermentation
GR 100 N 0.27 (¢), GR 125 N 0.33 (¢), GR 100 N
6 (m), GR 125 N 6 (), GR 100 N 10 (A ), GR 125
N 10 (A)
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Increasing the concentration of acetic acid
causes a decrease in carbohydrate consumption.
It is resulting in a decrease in the rate of ethanol
production [24].

There was a decrease of dissolved oxygen
during the process of fermentation in all
treatments (Fig. 6). Decrease of the DO was
significantly (a>0.05) occurred in the treatment
of GR 100 N 6, GR 100 and GR 125 N 10 N 10 This
indicated that the concentration of total nitrogen
(6 and 10 g.I'l) caused an increase in oxygen
consumption by yeast cells.
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Figure 6. Effect of treatment to dissolved oxygen during
ethanol fermentation
GR 100 N 0.27 (4), GR 125 N 0.33 (0), GR 100 N
6 (m), GR 125 N 6 (o), GR 100 N 10 (A ), GR 125
N 10 (A)

Dissolved Oxygen {mg.I)

Yeasts used oxygen in the process of cell
reproduction that would correlate with the
number of cells [25] and keep the cell
concentration remains high [26]. The presence of
oxygen will inhibit the fermentation process
(Pasteur Effect) [25]. The function of oxygen is to
produce ATP in glycolysis and oxidative
phosphorylation. The process of oxidative
phosphorylation is a process that is most
prominent in the production of ATP. If there is no
oxygen (anaerobic), NADH in the mitochondria
cannot be re-oxidized in the citric acid cycle,
resulting in the formation of ATP and nutrient
solution is interrupted [21]. In addition of
nitrogen, other factors that affect the process of
respiration are the presence of salt. The addition
of 1.0 M KCI or NaCl causes an increase in the
rate of respiration and cell metabolism [27].

CONCLUSION

Highest ethanol concentration resulted GR
125 N 6 (3.68 g.L-1) and GR 100 N 6 (3.53 g.L-1)
treatment. Low reducing sugar consumption
inhibited by by-product yeast metabolism and
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molasses chemical compound, lead remains high
sugar concentration (> 80 g.L-1). GR 100 N 6 and
GR 125 N 6 treatment have highest fermentation
efficiency (69 and 57%). There was no increase in
temperature and decrease in pH significantly
(0>0.05). DO decreased significantly (a>0.05) at
the early of fermentation and slowed until the
end of fermentation. Total nitrogen 6 g.L-1 had
the highest fermentation efficiency.
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