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ABSTRACT 

 
In order to produce bio-ethanol most efficiently, we used simulated raw garbage, inoculated 
with Saccharomyces cerevisiae, and examined the ethanol fermentation by a batch-type 
approach. We found that the production of ethanol was reduced after 18 h due to a decrease in 
pH, which was caused by an increase in the levels of organic acid.  However, ethanol 
production, gas yield, and the reduction of solid content were all increased by the 
introduction of yeast.  The optimum input of yeast was determined to be 3.45 g/kg of 
simulated raw garbage under our experimental conditions, while the optimum operation time 
was 18 h. Our findings enabled us to determine the feasibility and optimum conditions of 
ethanol fermentation in saccharification. In the future, it will be necessary to study 
continuous operation, optimum equipment size, and the cost-effectiveness with regard to the 
practical use of this approach. 
Keywords: ethanol fermentation/yeast/garbage/saccharification/bioenergy 
Abbreviations: total solid substance, T-SS; total volatile solids, T-VS; yeast and mold, YM. 
 

INTRODUCTION 
 
Sustainability has become an increasingly serious issue in light of global warming, depletion 
of fossil fuels caused by their extensive use, and increased waste due to improved living 
conditions.  Bioenergy technology using waste is a potential source of new energy that 
conforms with a recycling-based society which aims to reduce the effects of waste on the 
environment. Ethanol fermentation is one such technology, and we examined this process in 
this study. 
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Monosaccharides are generally fermented using yeast in ethanol fermentation and have been 
used in the brewing industry for thousands of years.  In recent years, however, ethanol 
fermentation has been used to produce bioethanol in response to the impending 
environmental problems. 
Bioethanol is currently produced in large quantities in the United States and Brazil, and has 
increased rapidly in China, India, and Thailand (1, 2). In addition, there is a trend for its 
increased use in Japan. The Quality Control of Gasoline and Other Fuels Act was amended in 
May 2003, which enabled the use of E3 (ethanol 3 vol %). The sale of ethyl tertiary butyl 
ether, an octane enhancer consisting of isobutene and ethanol, as a biogasoline, began in April 
2007 in the Kanto region of Japan. However, due to the fact that ethanol is made from foods 
such as sugar cane and corn, crop yields for food decreased in the United States. The rapid 
increase of bioethanol to produce biogasoline resulted in an increase in food prices and a so 
called "food crisis” (3). The production of sugar cane for food has also decreased in Brazil for 
the same reason (4). Therefore, it is necessary to use material in ethanol fermentation that 
does not compete with food production. 
Given these conditions, this study was designed to examine the efficiency of ethanol 
fermentation in the absence of saccharification with the use of Saccharomyces cerevisiae 
(NBRC 0216). 
Using simulated raw garbage as a model for residential raw garbage, we introduced cultivated 
S. cerevisiae and let the ethanol ferment using a batch-type approach. Efficiency was 
examined based on the decomposition performance and fermentation  characteristics of the 
organic matter. 
 

MATERIALS AND METHODS 
 
Mass cultivation of S. cerevisiae 
We used YM liquid culture medium (Table 1) for yeast based on microbiological 
experimentation (5). S. cerevisiae was introduced to the YM liquid culture medium in a 
reagent bottle and cultured statically at 30°C for 2 days. The cultured S. cerevisiae was 
harvested by solid-liquid separation using centrifugation. We produced 100, 300, 500, and 
700 mL of YM liquid cultures. 
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5

3

3

YM liquid culture medium（g/L）

Malt extract

Yeast extract

Peptone

Glucose

Table 1. Composition of YM liquid culture medium 
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Condition and preparation of simulated raw garbage 
Table 2 shows the components of the simulated raw garbage, which was made according to a 
standard composition (6-8). The simulated raw garbage consisted of slurry cabbage as the 
solid component and was supplemented with 6.45 g/L starch, 0.85 g/L cellulose powder, 12.7 
g/L polypeptone, and 6.9 g/L glycerol esters of fatty acids. We used cabbage because it has a 
small organic component and has little influence on composition. 
 
Ethanol fermentation 
Figure 1 shows the laboratory equipment. The effective capacity of the fermenter was 700 
mL. A vane was attached to the central shaft, which was rotated at a high speed by the motor 
at the top. A heat plate at the bottom warmed the fermenter to adjust the temperature. 
Table 3 shows the experimental conditions. The samples used in the experiment were the 
simulated raw garbage without yeast and CASES 1-4, which contained S. cerevisiae from 
different amounts of YM liquid culture. The fermentation temperature was 30°C, which is the 
optimum temperature for the growth of S. cerevisiae (9). 
We examined the ethanol and organic acid concentrations, the amount of generated gas, and 
the pH (high-performance liquid chromatography was used to measure the concentrations). 
Sample measurements were taken once every 6 h over a 42 h period. The T-SS of the sample 
before and after the experiment was then compared to obtain the rate of decrease in solid 
content. 
 

RESULTS 
 
Temporal change in ethanol concentration 
Figure 2 shows the temporal change in ethanol concentration. The ethanol concentration in all 
samples increased over time. However, the introduction of yeast generated ethanol and was 
evident by the high concentration of ethanol in samples with yeast compared to the sample 
without. The ethanol concentration rose sharply immediately after the experiment began, 
reaching 21 g/L after 18 h in CASES 3 and 4. 
Meanwhile, it increased  at the same rate in CASE 1 and  the sample  without  yeast  
for 1 2 h, but then slowly increased in CASE 1 and reached 14 g/L after 42 h. The increase in 
CASE 2 was intermediate between the increases in CASE 1 and CASES 3/4. 
These results prove that the introduction of yeast generated ethanol, and that the increase in 
the amount of yeast added led to a rise in ethanol concentration. The economically optimum 
amount was determined to be 3.45 g yeast/kg waste, however, there was no significant 
difference between CASES 3 and 4. The optimum operation time was also proven to be 18 h. 
The concentration of ethanol did not change significantly after this time. 
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Temporal change in organic acid concentration 
Figure 3 shows the temporal change in organic acid concentration. The organic acid 
concentration increased in all of the samples. The samples with yeast increased at the same 
rate, and there was no significant difference between them. The sample without yeast had a 
higher concentration than the other samples at the early stage of the experiment and reached 
31 g/L compared to 20 g/L for the samples with yeast after 42 h. 
These results, therefore, demonstrate that the samples with yeast generated more ethanol and 
less organic acid than the sample without yeast, and the rate of increase was slow in all 
CASES after 18 h. 
 
Temporal change in gas yield 
Figure 4 shows the temporal change in gas yield. 
While the sample without yeast produced only a small amount of gas, the samples with yeast 
produced a considerable amount. The sample in CASE I generated the least amount of gas, 
eventually reaching 2.0 L, despite a rapid increase between 12 and 18 hours.  The gas yield 
in CASES 2, 3, and 4 abruptly increased between 12 and 18 hours of the experiment, 
showing almost the same increase. The amounts were 4.6 L for CASE 2, 4.0 L for CASE 3, 

Table 3.  Experiment condition 

experimental item Unit Sample without yeast ＣＡＳＥ 1 ＣＡＳＥ 2 ＣＡＳＥ 3 ＣＡＳＥ 4

Amount of YM liquid culture medium mL - 100 300 500 700

Amount of yeast harvest g - 0.57 1.45 2.42 3.25

Yeast proportion g-wet yeast/kg-simulated raw garbage - 0.81 2.07 3.45 4.64

Simulated raw garbage mL 700 700 700 700 700

Temperature ℃ 30 30 30 30 30

Rotating speed rpm 30 30 30 30 30

Structural category Unit Value

Porosity ％ 8.76

Water g/L 914.89

Ｔ‐ＳＳ g/L 85.11

Ｔ‐ＶＳ g/L 75.45

Ash g/L 9.66

ｐＨ　 - 6.17

Sugar group g/L 55.40

Cellulose g/L 6.90

Protein g/L 26.70

Lipid g/L 7.90

Table 2. Behavior of simulated raw garbage 

Figure 1. Laboratory equipment (A),The Controller, This 
controller is controlled the temperature and the rotating 
speed. (B), The Fermenter, This fermenter is the tank for 
ethanol fermentation from simulated raw garbage and yeast. 
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and 4.3 L for CASE 4 respectfully. However, all the fermenters had air bubbles, which is to 
say that the gas yield would increase even more if the gas was released. 90% percent of the 
gas composition in all CASES was CO2. The other 10% most likely included H2, CH4, N2, 
and H2S (10, 11). It can be said that the samples with yeast preferentially produced ethanol 
since C02 was generated as a byproduct. 
 
Temporal change in pH 
Figure 5 shows the temporal change in pH. All samples followed the same pattern whereby 
the pH fell abruptly over the first 18 h, and then leveled off during the rest of the experiment 
with a final pH of 4.1 in all samples. The increase in the organic acid concentration could be 
the cause for the pH decrease, as the generation of organic acid exerts a significant influence 
on pH (12-15). The increase of organic acid concentration could also be a factor for the slow 
increase in ethanol production after 18 h since acid inhibits ethanol fermentation (16). 
 
Decrease rate in solid content 
Table 4 shows the water content, T-SS, T-VS, ash, and decrease rate in solid content. The 
decrease rate in solid content was calculated from the T-SS. The T-SS in all CASES and the 
sample without yeast decreased compared to the T-SS in the simulated raw garbage before the 
experiment. The decrease rate of solid content was high in all of the CASES compared to the 
sample without yeast. As more yeast was introduced, the rate of decrease became larger, 
which is to say that the introduction of yeast had an effect on the decrease of solid content. In 
addition CASES 3 and 4 had a similar decrease rate of solid content, ethanol production, and 
gas yield. Therefore, the optimum input of east in consideration of the cost is 3.45 g/kg 
simulated raw garbage. 
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Figure 5  Temporal change in pH 
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Figure 2  Temporal change in ethanol concentration 
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Figure 3  Temporal change in organic acid concentration 
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Figure 4  Temporal change in gas yield 
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DISCUSSION 
 

Given the conditions discussed in the Introduction, this study was designed to examine the 
efficiency of ethanol fermentation in the absence of saccharification with the use of S. 
cerevisiae (NBRC 0216). Using simulated raw garbage as a model for residential raw garbage, 
we introduced cultivated S. cerevisiae and let the ethanol ferment using a batch-type 
approach. The efficiency of this approach was examined based on the decomposition 
performance and fermentation characteristics of the organic matter. The production of ethanol 
was reduced after 18 h due to the decrease in pH, which was caused by the increase of 
organic acid. However, ethanol production, gas yield, and decrease of solid content were 
increased by the introduction of yeast.  
The optimum input of yeast was 3.45 g/kg of simulated raw garbage under our experimental 
conditions, with an optimum operation time of 18 h. However, the decrease in pH should be 
examined in future experiments. In addition, it is necessary to study continuous operation, 
optimum equipment size, and cost-effectiveness with regard to the practical use of this 
approach. The results of our study enabled us to determine the feasibility and optimum 
conditions of ethanol fermentation in the absence of saccharification. 
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