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Abstract. With the increasing global energy demand and the rising cost of conventional fuels, there is an 
urgent need for alternative energy sources. The price of conventional gas in the community is increasingly 
expensive, so alternative energy sources are needed to overcome this problem. Biogas is one of the 
alternative energies in terms of managing fruit waste that can be fermented through an anaerobic process to 
produce flammable gas. This study aims to determine the value of methane gas (CH4) and carbon dioxide 
(CO2) and the pressure value produced on pineapple skin waste raw materials with the addition of Yeast 
and EM-4. The results of the study were obtained, namely the highest CH4 content with the addition of 
7.14% Yeast in a fermentation time of 21 days obtained a value of 1448 ppm. The highest CH4 content with 
the addition of 7.14% EM-4 was 1392 ppm. The lowest CO2 value was obtained with the addition of 7.14% 
Yeast, namely 496 ppm and the addition of 5.71% EM-4, namely 518 ppm. The highest pressure results 
obtained were 1094.3 N/m2 on the Yeast activator with a composition of 8.57% for 21 days, and the pressure 
value on the EM-4 activator with a composition of 7.14%, 14 days was 859.1 N/m2.  

1 Introduction 
Agro-industrial waste has become a growing 
environmental problem, especially in areas with 
significant agricultural production. One such waste 
product is pineapple peel, which constitutes a large 
portion of the total pineapple production waste. In East 
Java, especially in Bangkalan Regency, this waste offers 
the potential to be converted into valuable resources, 
such as biogas. The amount of pineapple waste consists 
of 56% peel, 17% tops, 5% heart, and 5% pineapple 
pulp. Of the 2,365 tons of pineapple harvested, around 
1,117 tons of pineapple peel were produced [1,2,4]. 

 

 
Fig. 1. Pineapple Skin Characteristics [3]. 
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Biogas is primarily composed of methane (CH4), 
which is responsible for its flammability and makes it a 
viable energy source for cooking, lighting, and internal 
combustion engines. Other components include carbon 
dioxide (CO2), hydrogen sulfide (H2S), and trace gases 
such as nitrogen (N2), hydrogen (H2), and oxygen (O2), 
which affect the purity and efficiency of the biogas 
production process. 

Biogas is a flammable gas, with the process of 
decomposing organic compounds in biomass carried out 
by the activity of microorganisms (fermentation) in 
airless conditions (anaerobic). The main content of 
biogas is methane gas (CH4) and carbon dioxide (CO2). 
A small part is hydrogen sulfide gas (H2S), nitrogen 
(N2), hydrogen (H2) and oxygen (O2). The presence of 
large amounts of methane gas makes biogas flammable 
and can be used as an energy source for cooking, 
lighting, and even on a large scale can be used for 
internal combustion engine needs [5-7]. 

The requirements for biogas raw materials are 
containing carbon, hydrogen and nitrogen elements. The 
raw materials must be in the form of porridge therefore 
the water content must be quite high, namely 9% and the 
best ratio of carbon and nitrogen elements (C/N) for 
biogas formation is 30 [8]. 

The correlation between the amount of carbon (C) 
and nitrogen (N2) in a substance is denoted by the carbon 
nitrogen ratio (C/N). Ensuring stable process 
management, it is important to maintain a balance 
between the ratio of macronutrients and micronutrients. 
Carbon and nitrogen are essential nutrients because they 
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are required for the synthesis of enzymes that facilitate 
metabolism. Therefore, the C/N ratio of the substrate is 
very important [8]. 

The C/N ratio is critical because it directly affects 
microbial activity during anaerobic digestion. Carbon 
serves as an energy source for microbes, while nitrogen 
is essential for building proteins and enzymes that drive 
metabolic processes. An optimal C/N ratio of 30 
promotes effective microbial digestion and high 
methane yields. Deviations from this ratio, such as 
excess carbon, can lead to inefficient digestion, while 
excess nitrogen can lead to ammonia toxicity, which 
inhibits microbial growth. 

If the C/N ratio is too high (with abundant carbon 
and insufficient nitrogen), metabolism becomes 
inadequate. This indicates that the carbon in the 
substrate is not fully converted, resulting in the inability 
to achieve maximum methane yield. Conversely, excess 
nitrogen can lead to excessive ammonia (NH3) 
production [9]. Even at low concentrations, ammonia 
can inhibit bacterial growth, and can lead to the loss of 
entire populations of microorganisms. 

2 Research methods  

2.1 Equipment specifications  

Biogas digester is a tool used to accommodate organic 
materials. The biogas digester used in this study is a 
thick plastic container to withstand pressure. The 
material used is 2/3 of the container and 1/3 is the gas to 
be produced. The digester design used is shown in Fig 
2. 
  

  
Fig. 2. Biogas digester design. 

Specification :  1. Biogas digester 
   2. Gas output hose 
   3. Digester cover 
   4. Main pipe gas output 

5. Stop kran 
6. Connection T 

2.2 Material  

Some of the materials used in this study are: 
a. Pineapple peel waste 
b. Bio activator 
Bio activator functions to help the fermentation process, 
the bio activator used in this study is yeast and Effective 
microorganism-4 (EM-4). The variation of the 
composition of yeast and Effective microorganism-4 
(EM-4) used is 5.71%, 7.14% and 8.57% of the total 
mixture of raw materials and activators with a mass of 7 
kg in other words the variation of yeast and Effective 
microorganism-4 (EM-4) used is 0.4 kg, 0.5 kg and 0.6 
kg. 
c. Water 
Bacterial fermentation in the digester is hampered by a 
mixture that is too thick. Solid organic particles will 
accumulate under the digester if the mixture is too thin. 
The composition of water used is 1/3 of the digester 
volume.  

2.3 Research stages  

The following are the stages of biogas research: 
1. Preparation of Tools and Materials, namely a. The 

volume of the biogas digester used is 30 liters, then 
collect organic materials that will be used as 
fermentation materials, and prepare the supporting 
measuring instruments needed, b. Processing 
pineapple skin waste by smoothing pineapple skin 
waste using a blender, the stages of mixing pineapple 
skin with yeast and EM-4 can be seen in the 
following Table 1: 

Table 1. Variation of biogas composition. 

Composition 
Raw 

Material 
Mass 
(kg) 

Bio 
activator 

Mass 
(kg) 

Activator 
(%) 

Pineapple 
Skin 

6,6 Yeast 0,4 5,71 

6,5 Yeast 0,5 7,14 
6,4 Yeast 0,6 8,57 
6,6 EM-4 0,4 5,71 
6,5 EM-4 0,5 7,14 
6,4 EM-4 0,6 8,57 

 
2. After the pineapple peel waste and bio activator are 

mixed, the material is fed into the biogas reactor 
through the inlet pipe. 

3. The data collection stage was carried out on days 7, 
14 and 21, used for the data collection stage of 
carbon dioxide (CO2), methane gas (CH4), and the 
pressure of the gas produced. 

3 Results and discussion 

3.1 Data on methane gas results (CH4) 

Methane gas measurements were carried out on days 7, 
14, and 21. The following are the results and discussion 

of data from the study of the effect of yeast activators 
and EM-4 on methane gas values. 

The highest methane gas content was produced from 
the composition of 6.5 kg pineapple skin with 0.5 kg 
yeast on day 21 with an average methane gas value of 
1448 ppm, while the lowest average methane gas 
content was produced from the composition of 6.6 kg 
pineapple skin with 0.4 kg EM-4 on day 7 with an 
average methane gas value of 507 ppm. 

Table 2. Methane gas levels in fermentation with yeast 
bioactivator. 

Activator (%) Methane gas (ppm) 

Yeast 
Day 

7 14 21 
5,71% 539 859 1004 

7,14% 569 1329 1448 
8,57% 693 1060 1124 

 
Table 3. Methane gas levels in fermentation with EM-4 

bioactivator. 

Activator (%) Methane gas (ppm) 

EM-4 
Day 

7 14 21 
5,71% 507 577 879 
7,14% 1157 1224 1392 
8,57% 732 832 984 

 

 
Fig. 3. Graph of the relationship between methane gas and 
fermentation time in yeast bioactivators and EM-4. 

The increase in methane content occurs due to 
thermophilic conditions in the digester which can 
produce higher methane gas content. The increase in 
methane gas value is caused by methanogenic bacteria 
which are responsible for the production of methane and 
carbon dioxide through product conversion. The highest 
methane gas content occurs in the digester with a yeast 
composition of 0.5 kg with 6.5 kg of pineapple skin 
while the methane gas content is experienced by biogas 
with a composition of 0.4 kg with 6.6 kg of pineapple 

skin. The yeast composition containing saccharomyces 
cerevisiae bacteria (yeast) can convert glucose into 
alcohol and CO2. So that the yeast composition at the 
beginning of fermentation produces more CO2 which 
then decreases and is converted to CH4 by methanogenic 
bacteria at the end of fermentation [10]. 

The addition of EM-4 activator is very acidic, where 
most of the bacteria contained in EM-4 are Lactobacillus 
and others. The content of these bacteria has the function 
of increasing the acceleration of the decomposition of 
organic materials without producing toxic compounds 
so that the CH4 produced is small. 

3.2 Data on carbon dioxide gas results (CO2) 

Carbon dioxide gas measurements were carried out on 
days 7, 14, and 21. The following are the results and 
discussion of data from the study of the effect of yeast 
activators and EM-4 on carbon dioxide gas values. 

Table 4. Carbon dioxide gas levels in fermentation with 
yeast bioactivator. 

Activator (%) Carbon dioxide gas (ppm) 

Yeast 
Day 

7 14 21 
5,71% 897 787 713 

7,14% 1118 950 496 
8,57% 1448 1140 919 

 

Table 5. Carbon dioxide gas levels in fermentation with EM-
4 bioactivator. 

Activator (%) Carbon dioxide gas (ppm) 

EM-4 
Day 

7 14 21 
5,71% 895 691 518 
7,14% 994 755 580 
8,57% 1005 903 519 

 
The highest carbon dioxide (CO2) gas content 

occurred in the digester with the composition of 0.6 kg 
yeast with 6.4 kg pineapple skin on day 7 with a value 
of 1448 ppm, while the lowest average carbon dioxide 
(CO2) gas value occurred in the digester with the 
composition of EM-4 0.4 with 6.6 kg pineapple skin on 
day 21 with an average carbon dioxide (CO2) gas value 
of 496 ppm. 

The longer fermentation time can cause the carbon 
dioxide (CO2) value to tend to decrease, in this study it 
was stated that the biogas fermentation process on days 
3-7, the CO2 and CH4 content values produced will be 
inversely proportional to each other. This is because in 
the early stages of the anaerobic decomposition process 
in the digester, methanogenic bacteria tend to be less 
metabolically active than fermentative and acetogenic 
bacteria, resulting in more CO2 content than CH4. On 
days 7-21, there will be a significant increase in CH4 
content, this will have an impact on reducing the CO2 
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which are responsible for the production of methane and 
carbon dioxide through product conversion. The highest 
methane gas content occurs in the digester with a yeast 
composition of 0.5 kg with 6.5 kg of pineapple skin 
while the methane gas content is experienced by biogas 
with a composition of 0.4 kg with 6.6 kg of pineapple 

skin. The yeast composition containing saccharomyces 
cerevisiae bacteria (yeast) can convert glucose into 
alcohol and CO2. So that the yeast composition at the 
beginning of fermentation produces more CO2 which 
then decreases and is converted to CH4 by methanogenic 
bacteria at the end of fermentation [10]. 

The addition of EM-4 activator is very acidic, where 
most of the bacteria contained in EM-4 are Lactobacillus 
and others. The content of these bacteria has the function 
of increasing the acceleration of the decomposition of 
organic materials without producing toxic compounds 
so that the CH4 produced is small. 

3.2 Data on carbon dioxide gas results (CO2) 

Carbon dioxide gas measurements were carried out on 
days 7, 14, and 21. The following are the results and 
discussion of data from the study of the effect of yeast 
activators and EM-4 on carbon dioxide gas values. 

Table 4. Carbon dioxide gas levels in fermentation with 
yeast bioactivator. 

Activator (%) Carbon dioxide gas (ppm) 

Yeast 
Day 

7 14 21 
5,71% 897 787 713 

7,14% 1118 950 496 
8,57% 1448 1140 919 

 

Table 5. Carbon dioxide gas levels in fermentation with EM-
4 bioactivator. 

Activator (%) Carbon dioxide gas (ppm) 

EM-4 
Day 

7 14 21 
5,71% 895 691 518 
7,14% 994 755 580 
8,57% 1005 903 519 

 
The highest carbon dioxide (CO2) gas content 

occurred in the digester with the composition of 0.6 kg 
yeast with 6.4 kg pineapple skin on day 7 with a value 
of 1448 ppm, while the lowest average carbon dioxide 
(CO2) gas value occurred in the digester with the 
composition of EM-4 0.4 with 6.6 kg pineapple skin on 
day 21 with an average carbon dioxide (CO2) gas value 
of 496 ppm. 

The longer fermentation time can cause the carbon 
dioxide (CO2) value to tend to decrease, in this study it 
was stated that the biogas fermentation process on days 
3-7, the CO2 and CH4 content values produced will be 
inversely proportional to each other. This is because in 
the early stages of the anaerobic decomposition process 
in the digester, methanogenic bacteria tend to be less 
metabolically active than fermentative and acetogenic 
bacteria, resulting in more CO2 content than CH4. On 
days 7-21, there will be a significant increase in CH4 
content, this will have an impact on reducing the CO2 
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and H2 content formed from the previous day. Days 7-
21 are called the methanogenesis stage where at this 
stage acetate, CO2 and H2 compounds are converted into 
CH4 by methanogenic bacteria [10-13]. 
 

 
Fig. 4. Graph of the relationship between carbon dioxide gas 
and fermentation time in yeast bioactivators and EM-4. 

3.3 Pressure measurement result data 

The highest average pressure value produced from the 
composition of 6.4 kg pineapple skin with 0.6 kg yeast, 
obtained a pressure value of 1094.3 𝑁𝑁/𝑚𝑚2, while the 
lowest average pressure content value produced from 
the composition of 6.6 kg pineapple skin with 0.4 kg 
EM-4, was an average pressure value of 623.9 𝑁𝑁/𝑚𝑚2. 

Table 6. Measurement of pressure values on each bio 
activator. 

Activator Composition 
(%) 

Mass 
(kg) 

Pressure 
(N/m2) 

Yeast 
0.4 5.71 699 
0.5 7.14 833 
0.6 8.57 1094 

EM-4 
0.4 5.71 624 
0.5 7.14 859 
0.6 8.57 784 

 

 
Fig. 5. Graph of gas pressure data on the composition of 
yeast bioactivator. 

The addition of yeast and EM-4 to the biogas 
digester can affect the pressure that occurs in the 
digester through several mechanisms. The first is that 
the addition of yeast can increase microbial activity in 
the fermentation process, which in turn can produce 
more biogas. The more gas is produced, the higher the 
pressure in the digester. Yeast contains saccharomyces 
cerevisiae bacteria which is a genus of yeast that can 
convert glucose into alcohol and CO2. So that the 
composition of yeast at the beginning of fermentation 
produces more CO2 which is then reduced and converted 
into CH4 by methanogenic bacteria at the end of 
fermentation [14-18]. 
 

 
Fig. 6. Graph of gas pressure data on the composition of yeast 
bioactivator. 

Second, EM-4 or Effective Microorganism 4 is a 
mixture of microorganisms that are useful in the 
fermentation process. EM-4 can help in the breakdown 
of organic materials into gas, which can increase biogas 
production and indirectly increase the pressure in the 
digester. The faster the fermentation process, the more 
gas will be produced, EM-4 (Effective Microorganism-
4) is a liquid that is very helpful in the fermentation 
process because it has a mixture of living 
microorganisms [19-20]. 

By utilizing pineapple peel waste, not only can waste 
management challenges be reduced, but renewable 
energy sources can also be developed, contributing to 
sustainable energy practices in areas with high 
pineapple production, such as East Java. 
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digester through several mechanisms. The first is that 
the addition of yeast can increase microbial activity in 
the fermentation process, which in turn can produce 
more biogas. The more gas is produced, the higher the 
pressure in the digester. Yeast contains saccharomyces 
cerevisiae bacteria which is a genus of yeast that can 
convert glucose into alcohol and CO2. So that the 
composition of yeast at the beginning of fermentation 
produces more CO2 which is then reduced and converted 
into CH4 by methanogenic bacteria at the end of 
fermentation [14-18]. 
 

 
Fig. 6. Graph of gas pressure data on the composition of yeast 
bioactivator. 

Second, EM-4 or Effective Microorganism 4 is a 
mixture of microorganisms that are useful in the 
fermentation process. EM-4 can help in the breakdown 
of organic materials into gas, which can increase biogas 
production and indirectly increase the pressure in the 
digester. The faster the fermentation process, the more 
gas will be produced, EM-4 (Effective Microorganism-
4) is a liquid that is very helpful in the fermentation 
process because it has a mixture of living 
microorganisms [19-20]. 

By utilizing pineapple peel waste, not only can waste 
management challenges be reduced, but renewable 
energy sources can also be developed, contributing to 
sustainable energy practices in areas with high 
pineapple production, such as East Java. 
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