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Huge consumption of fossil fuel energy creates environmental problems, while 
the amount of organic solid waste is in an increasing trend especially in 
developing countries. Biogas is known as a renewable energy that can be used 
as an alternative fuel which is promising to reduce dependency on fossil fuels. 
This study identified the concentration of methane gas that can be produced 
from organic waste treated in an anaerobic digestion with the addition of 
Hyphomicrobium sp. Two-stage batch anaerobic digestion was used with an 
operational volume of 6 L. Four different starting concentrations of bacteria 
Hyphomicrobium sp. added to the reactors: 0.29 × 109 cells/L in reactor A,    
0.87 × 109 cells/L in reactor B, 1.75 × 109 cells/L in reactor C, and no 
Hyphomicrobium sp. in the control reactor.  The results showed that the 
concentration of methane gas produced was 38.4% in the reactor A while in 
reactor B and C were 35.6% and 33%, respectively. In reactor K with no 
addition of bacteria, the amount of methane produced was 52%. In contrary to 
the hypothesis, the addition of Hyphomicrobium sp. to the anaerobic process 
was contra-productive to the yield of methane. Further research is required to 
investigate the role of Hyphomicrobium sp. on the methane gas formation in the 
reactor. 
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1. INTRODUCTION 

Energy has an important and indispensable role 
in human life, especially nowadays since almost all 
human activities are highly dependent on fossil fuel 
energy. Therefore, using renewable energy is a 
potential option to reduce both greenhouse gas and air 
pollutant emissions. In Indonesia, the fourth most 
populous country in the world, the pressure on energy 
demand is high and the amount of organic waste has 
been increasing. Indonesia was ranked 2nd in the 
world as the major contributor to the total generated 
food waste and the amount reached 113 Tg annually 
(EIU, 2017). Therefore, it is an opportunity to utilize 
the huge amount of generated waste to produce an 
alternative energy such as biogas. Biogas is a 
combustible mix of gases produced by anaerobic 
digestion process to degrade biodegradable materials  
(Ilaboya et al., 2010). Biogas is produced with 
methanogen bacteria which exist naturally in organic 

waste and is able to produce methane and other gases 
under anaerobic condition (Utami, 2010). 

Several factors that may affect the biogas yield 
from the anaerobic digestion process have been well 
studied such as temperature, pH, organic loading    
rate and retention time in the reactor (Noraini et al., 
2017). In an anaerobic digestion process, due to the 
symbiotic effects of various anaerobic and relatively 
anaerobic bacteria, organic substances are 
decomposed into simple, chemically stabilized 
compounds of methane and CO2 (Naik et al., 2010). 
A two-stage thermophilic fermentation process has 
been reported to effectively enhance biomethane 
production and at the same time reduce the amount   
of organic waste (Wongthanate and Mongkarothai, 
2018). One of the common bacteria used for methane 
formation is Hyphomicrobium sp. which can be 
isolated from mixed bacteria (Wilkinson and Hamer, 
1972). Its habitat is widespread in soil and water and 
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it is considered as a facultative anaerobic bacterium 
with a gram-negative genus that uses various carbon 
compounds as a source of energy. It also acts as helper 
to increase the methane oxidation rate in the 
methanotrophic process (Jeong and Kim, 2019). 
However, its effect in the anaerobic digestion process 
to treat organic waste has not been widely 
investigated. 

This research examined the amount of methane 
gas concentration resulting from the utilization of 
organic waste from food waste as substrate with 
variations of Hyphomicrobium sp. bacteria 
concentrations. We used Hyphomicrobium sp. as the 
inoculum source for methane production based on 
previous research and we found Hyphomicrobium sp. 
as a dominant microorganism existing locally in the 
collected food waste. The effects on methane gas 
production are particularly of most concern, 
especially its synergistic effect to increase biogas 
yield using a two-stage fermentation process. The 
results can serve as science-based evidence to 
promote a feasible and workable system to produce 
renewable energy.  

 

2. METHODOLOGY  

2.1 Source of substrates 

Organic solid waste was sampled from a 
restaurant with a consideration of having high organic 
content. Grab sampling was done in the morning time 
at 08.00 AM in a working day to collect of about 5 kg 
with the average measured density of 0.798 kg/L. 
Characteristics of organic waste such as density, water 
content, volatile level, C-organic, Total Kjehdahl 
Nitrogen (TKN), and C/N ratio were measured once a 
day (duplicate) as presented in Table 1. Hard materials 
such as animal bones and shells in food waste were 
removed before chopping the waste into more 
homogenous sizes to increase the surface area. Further 
it was mixed with tap water to obtain the substrate. 

The purpose of addition of water is to resolute 
organic matter in the waste. Tap water from the 
Environmental Engineering Research Laboratory, 
Environmental Engineering Department, National 
Institute of Technology Bandung (ITENAS), 
Indonesia was used for the purpose. Several water 
characteristics such as pH, temperature and COD 
were measured once a day (duplicate) as presented in 
Table 1.

 
Table 1. Measurement methods 
 

Parameter Method Reference  Measurement frequency 
Waste and water 
characteristics 

Acid  
formation 

Substrate 
characteristics 

Methane 
formation 

pH Potentiometry SNI 06-6989.11:2004 1× /day 1× / 2 day 1× /day 1×/ 3 day 
Temperature Potentiometry SNI 06-6989.11:2004 1× /day 1× / 2 day 1× /day 1×/ 3 day 
Density Gravimetry - 1× /day - - - 
Water content Gravimetry SNI 03-197-1990 1× /day - - - 
Volatile levels Gravimetry SMEWW 5220,2012  1× /day - - - 
TVA Distillation, 

titrimetric 
SMEWW 5570,2012 - 1× / 2 day 1× /day 1×/ 3 day 

COD Reflux SNI 6989.72:2009 1× /day 1×/ 2 day 1× /day 1×/ 3 day 
BOD Winkler Titration SNI 6989.72:2009 - - 1× /day 1× /day 
Alkalinity Acid-base Titration SNI 06-2422-1991 - - 1× /day 1×/ 3 day 
C-Organic Reflux SMEWW 5220,2012 1× /day - - - 
TKN Kjeldahl Analyzer SNI 2081:2010 1× /day - 1× /day - 
Phosphate Spektrophotometry SNI 6246-2010 1× /day - 1× /day - 
Biogas Orsat Analyzer SNI 0029:2008 - - - 1× /2 day 

Note: 1× /day: samples were taken once per day (duplicate), 1× /2 day: samples were taken once in two days (duplicate), 1× /3 day: samples were taken 
once in three days (duplicate). SNI–National Standard of Indonesia, SMEWW: Standard Methods for the Examination of Water and Wastewater. 

 
2.2 Type of reactor 

This research used a two stage anaerobic 
digestion system using two types of reactor: a 
hydrolysis reactor and a methanogenesis reactor. This 
system was chosen because the pH adjustment in the 

hydrolysis reactor caused the methanogen bacteria to 
digest organic matter quickly and accelerated 
methane formation (Hayes et al., 1988). 

The hydrolysis reactor used in this study has a 
capacity of 180 L, made of a plastic drum equipped 
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with lids and taps with a working volume of 5 L. The 
methanogenesis reactor consists of four tubular 
reactors with a height of 35 cm and 16 cm in diameter 
with an operating volume of 6 L each. The 
methanogenesis reactor was made of glass fiber and 
was equipped with a thermometer, stirrer, influent and 
effluent ports, pressure regulator, sample point, and 

gas holder.  Schematic illustrations of the reactors are 
presented in Figure 1(a) (hydrolysis) and Figure 1(b) 
(methanogenesis). Hydraulic retention time (HRT) 
for this batch mode reactor was set to 111 days. The 
value was actually based on the observation during 
the reactor operation.

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Scheme of hydrolysis (a); and methanogenesis (b) reactor 
 
2.3 Research stages 

2.3.1 Stages of acid formation 

The ratio of organic waste and water used in 
this study was set to 1:1. This is because of the 
optimal C:N:P ratio of 400:5:1 in an anaerobic 
process was generally achieved using that ratio 
(Liberty and Prayatni, 2008). The density of organic 
waste in the hydrolysis reactor was 0.789 kg/L, while 
the amount of organic waste and water put in the 
hydrolysis reactor was set in the ratio of 25:20 
(weight-based ratio). Parameters measured in this 
stage were pH, temperature, total volatile acid (TVA) 
and chemical oxygen demand (COD). The ratio of 1:1 
was a volumetric ratio. Then, the density of organic 
waste and water were used to calculate the mass-
based ratio of 1 kg/L: 0.789 kg/L. It yielded an actual 
weight ratio of 1.25 (25:20).  

The measurement of substrate characteristics 
was performed to determine the initial conditions of 
the substrate used for methane formation. The 
substrate used was organic waste and water that have 
passed the stage of acid formation. 

 

2.3.2 Stages of methane formation 

This stage was done at the methanogenesis 
reactor with four variations of Hyphomicrobium sp. 

concentration (measured in cells per liter) bacteria 
added to the substrate. Different variations were done 
for different reactors (namely A, B, C, and K) with 
the different concentrations of bacteria as shown in 
Figure 2. Hyphomicrobium sp. bacteria was obtained 
from the identification of mixed bacteria used in 
methane formation and the concentration was 
calculated using the counting chamber method with a 
hemocytometer (Marin et al., 2014). 

The concentrations of bacteria added to each 
reactor are as follows: 

• Reactor A = substrate + 0.29 × 109 cells/L  
• Reactor B = substrate + 0.87 × 109 cells/L  
• Reactor C = substrate + 1.75 × 109 cells/L  
• Reactor K = substrate without 

Hyphomicrobium sp. 
Substrate amount was 5 L for each reactor. 
 

3. RESULTS AND DISCUSSION 

3.1 Characteristics of organic waste and water 

Characteristics of organic waste and water used 
as substrates in methane formation are presented in 
Table 2. The parameters measured for organic waste 
characteristics were density, water content, volatile 
levels, C-organic and TKN while for water were pH, 
temperature, and COD.
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Figure 2. Variation of Hyphomicrobium sp. concentrations added to the reactors 
 
Table 2. Characteristics of organic waste and water 
 

No Characteristics of organic waste Water characteristics 
Parameter Results Unit Parameter Results Unit 

1 Density 0.798 kg/L pH 7.56 - 
2 Water content 74.95 % Temperature 29.25 °C 
3 Volatile levels 86.92 % COD 48 mg/L 
4 C-Organic 50.04 % - - - 
5 TKN 2.24 % - - - 
6 C/N 22.33  - - - - 

 
Density is considered as one important factor 

that affects the rate of an organic waste 
decomposition process (Ramadanthi, 2008). The 
density on the organic waste used for this experiment 
was 0.798 kg/L while the water content was 74.9%. 
We considered analysis of the latter because water 
content would dissolve organic content and would act 
as a nutrient solvent for microorganisms (Rees, 1980). 
Note that the general value for water content in waste 
is about 50-80% (Tchobanoglous, 2004), hence the 
measured value was still within the range. 

The volatile content of organic waste used was 
86.92% which was lower than the values commonly 
reported for waste of about 95% (Tchobanoglous, 
2004). Volatile level is important to determine the 
amount of organic matter contained in the waste. High 
volatile levels showed that organic waste was rich in 
organic materials which were easily degraded by 
bacteria (Ramadanthi, 2008). Carbon acts as a source 
of energy and nitrogen acts as a cell-builder for 
microorganisms. Therefore, the ratio of both is 
important for the anaerobic process (C/N ratio). The 
initial value of C/N ratio that is sufficient for starting 
the anaerobic processes should be within the range of 
20-35 (Gotaas, 1956). In this research, organic waste 

used had a C/N ratio of 22.33% which showed 
sufficient amount of organic materials required to 
support the anaerobic process. 

Temperature and pH are factors that greatly 
affect the growth of microorganisms in the process    
of anaerobic degradation of organic matter        
(Utami, 2010). According to Eckenfelder (1988), 
methanogenic bacteria worked well at pH 6.6-7.6. 
The pH of tap water used to dilute the organic waste 
was 7.56 so it was presumably suitable for growth and 
activity of the bacteria. The temperature of rinse water 
was 29.25 °C which was considered to be in an 
acceptable value to undergo the anaerobic process 
(Tchobanoglous, 2004). This indicated that the rinse 
water temperature may not potentially disturb the 
anaerobic process. The measured COD represents the 
organic content of the rinse water and the measured 
value was 48 mg/L which is an acceptable value for 
the process in the reactor.  

 
3.2 Stages of acid formation 

Acid formation was observed in this study as 
seen from the pH results from the 21 days run (Figure 
3). It was clearly observed that pH values decreased 
up to the 6th day and continuously increased 

A B C K 

Substrate + x cell/L 
Hyphomicrobium sp. 

Substrate + 3x cell/L 
Hyphomicrobium sp. 

Substrate + 6x cell/L 
Hyphomicrobium sp. 

Substrate without 
Hyphomicrobium sp. 
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afterwards. To prevent the formation of methane in 
the hydrolysis reactor, on the 21st day the substrate 
was transferred to the reactor for the methane 
generation stage. This is because we observed that   
the increasing concentration of TVA during the 
period of 10th - 21st day, the pH of the substrate 
slightly decreased from 5.1 to 5.0, thus methane 
formation may soon follow.  

The pH value showed the activity of anaerobic 
bacteria in each process at its stage. As shown in 
Figure 3, during the period between the 2nd - 6th days, 
the pH on the substrate decreased from 6.1 to 4.4. The 
decrease in pH indicated that there has been an onset 
of the acidogenesis stage. During the period of the    
6th - 10th days, the pH increased from 4.4 to 5.1 
indicating the onset of the acetogenesis stage. While 
during the period of the 10th - 21st days, the 
concentration of TVA increased and the pH of the 
substrate slightly decreased from 5.1 to 5.0. The pH 

in the range of 5.5-6.5 is often reported as the optimal 
range for the acidogenesis stage (Mao et al., 2015), 
while acetogenesis has been reported to occur within 
a range of 6.0-6.2 (Ramos-Suárez et al., 2015).  

Increased concentrations of TVA indicated the 
process of acid formation. It is shown in Figure 3 that 
the TVA concentration continued to increase. In the 
beginning, the TVA concentration was 1,463 mg/L 
and then increased to 11,552 mg/L after 21 days. The 
high TVA concentration could inhibit methane gas 
formation. According to Wilkie (2008), the 
concentration of the TVA of more than 10,000 mg/L 
could be toxic and act as an inhibitor in the anaerobic 
process.  The increase of TVA over a given range did 
not cause a decrease in pH. This could be due to the 
buffering capacity in which the substrate could 
neutralize the formed acid. Therefore, it is necessary 
to measure the alkalinity to know the buffering 
capacity of the substrate.

 
 

 
Figure 3. pH and TVA at hydrolysis reactor 
 
 

Figure 4 shows that the temperature at the acid 
formation process ranged from 26.4 to 26.6 °C. 
According to Tchobanoglous (2004), the optimal 
temperature to support anaerobic degradation should 
be within the range of 25-35 °C. Temperature affects 
the growth of microorganisms and the rate of reaction 
in the formation of biogas. This is because 
microorganisms do not have temperature control 
systems in their cells (Widjajanti 2008). It can be said 

that the temperature range of the process carried out 
could support the anaerobic degradation.  

Figure 5 showed that the decrease in COD 
concentration occurred during acid formation. Organic 
content from day 0 to day 21 decreased by 24.9% 
which was due to the degradation of organic 
compounds by the microbial activity (Ramadanthi, 
2008). 
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Figure 4. Temperature in the hydrolysis reactor 
 

 
 

Figure 5. Concentration of COD in hydrolysis reactor 
 

According to Malina et al. (1992), the suitable 
COD concentrations for anaerobic processing should 
range from 2,000 to 20,000 mg/L. The initial 
concentration of COD in the hydrolysis reactor was 
44,640 mg/L. According to Syafila and Djajadiningrat 
(2003), this high concentration of organics would lead 
to   more production of volatile acids from the 
acidogenesis process. Volatile acids formed in the acid 
formation process reached 11,552 mg/L. The amount 
of TVA content would interfere the process of 
methanogenesis, because acid is toxic to the 
methanogenesis bacteria. 

On the 21st day, the liquid part of hydrolysis 
reactor, known as the substrate, was separated and 
transferred into the methanogen reactor. The initial 
characteristics of the starting substrate were measured 
and the results are presented in Table 3. The pH of 
substrate was 5.03 showing a typical acidic output 
from the acidogenesis stage. Substrate removal under 
these conditions was accomplished to prevent the 
occurrence of methane formation in the hydrolysis 
reactor. The temperature of the substrate was 25.6 °C, 

hence it can be said that the temperature of the 
substrate supports the anaerobic degradation. The 
concentration of the TVA in the substrate that was 
separated from the hydrolysis reactor was 13,253 
mg/L. Under these conditions, the volatile acids 
contained in the substrate can be toxic to 
methanogenic bacteria, which would inhibit methane 
formation and growth of methanogenic bacteria 
(Grady and Lim, 1990). 
 
Table 3. Substrate characteristics before entering methanogen 
reactor 
 

No Parameter Concentration Unit 
1 pH 5.03 - 
2 Temperature 25.60 °C 
3 TVA 13,253 mg/L 
4 COD 37,440 mg/L 
5 BOD 31,049 mg/L 
6 TKN 104 mg/L 
7 Phosphate 2,319 mg/L 
8 BOD/COD 0.83 - 
9 COD/N 357 - 
10 COD/P 16 - 

 
The concentration of COD in the substrate that 

was separated from the hydrolysis reactor was 37,440 
mg/L. High COD concentrations would result in high 
TVA concentrations, which are known to inhibit 
methane formation. The BOD/COD ratio was used as 
an early indication of the biodegradability of a 
material. The BOD/COD ratio of the substrate is 0.83 
and this showed that the substrate could be used for 
methane formation through the biological process. 
Substrate characteristics in this study had COD/N 357 
and COD/P ratio of 16. According to Veenstra and 
Lubberding (1993), the COD/N ratio should be 200 
and COD/P of 1000. This indicated that the nutrient 
content was balanced with the existing organic 
content, so it is able to inhibit the growth of 
methanogen bacteria. 
 
3.3 Stages of methane formation 

Methanogenic process was identified clearly 
after 111 days of reactor run. We measured the 
parameters of temperature, pH, total volatile acid, 
alkalinity, COD and concentrations of methane gas. 
Figure 6(a) showed the time series of temperature and 
pH at four different methanogenesis reactors. There 
was little difference in temperature between reactor   
A, B, C and K. The temperature at the four 
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methanogenesis reactors ranged from 24 to 26.5 °C 
which was classified under mesophilic conditions (20-
45 °C). Mesophilic bacteria had stability against the 
rapid changes in environmental temperature, so it was 
often used in anaerobic processing (Tchobanoglous, 
2004). Hyphomicrobium sp. is a mesophilic bacteria 
(25-40 °C). The temperature in the methane formation 
process in this study supported the growth of 
Hyphomicrobium sp. 

Figure 6(b) showed that the pH of the four 
methanogenesis reactors increased, but not 
significantly, after two days by only 0.01-0.02. On   
the second day, all four reactors had a similar pH of    
5, while after 111 days the pH ranged from 5.4 to 5.5.  
The increase of pH at reactors A, B and C was 
relatively the same while the increase in pH of reactor 
K occurred slower. This can be because the 

concentrations of TVA at the reactor A, B, and C were 
lower than reactor K. However, after 47 days the pH 
at reactor K increased faster than reactors A, B and C.  
According Rahayu (2011), if the environmental 
conditions for the growth of methanogen bacteria are 
not suitable, then the bacteria will not consume acids 
anymore hence it further causes the increase in the 
TVA concentration. 

Figure 7(a) showed that the concentration of the 
TVA in the four reactors tends to increase until the  
44th day and the turn-over was seen after the 47th.     
The concentration of TVA at reactor K was higher 
than that measured in reactors A, B, and C that was 
due to the methanol content which was produced from 
the acid formation and was further utilized by 
Hyphomicrobium sp. bacteria for its growth 
(Wilkinson and Harrison, 1973).

 

 

 
Figure 6. Measured parameters at the methanogen reactors: (a) temperature; and (b) pH 
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Alkalinity indicated buffer capacity in the 
anaerobic process, therefore high concentration of 
volatile acids would lead to the formation of acids, 
which in turn caused the pH to decrease. This showed 
that the buffer was not able to neutralize volatile acids. 
As a result, there was accumulation of volatile acids 

that could make the acidic environment of the 
microorganisms (Rahayu, 2011). The TVA/alkalinity 
ratio value of below 0.4 was a favorable condition for 
methanogen bacteria to grow so that methane gas 
production could be maintained (Grady and Lim, 
1990).

 

 

 
Figure 7. Measured parameters at the methanogen reactor: (a) TVA concentration; and (b) the ratio of TVA/alkalinity 
 

Figure 7(b) presented the TVA/Alkalinity ratios 
of reactors A, B, C and K which ranged from 1.51 to 
3.21. This indicated that the buffer could not neutralize 
excessive volatile acids. Figure 8(a) showed the 
concentration of bicarbonate alkalinity in reactor A 
was in the range of 3,064-5,530 mg/L, while in reactor 
B ranged from 2,167 to 5,066 mg/L. The associated 
concentrations in reactor C and K were 2,391-5,096 
mg/L and 2,840-5,530 mg/L, respectively. According 
to Eckenfelder et al. (1988), the optimum bicarbonate 

alkalinity concentration for anaerobic treatment 
ranged from 2,500 to 5,000 mg/L. The average 
concentrations of bicarbonate alkalinity in all four 
reactors in the process are suitable for anaerobic 
treatment. The high ratio of TVA/Alkalinity was due 
to the high concentration of volatile acids formed in 
the process. Too high TVA or TVA/alkalinity ratio 
may suppress methane gas production because it will 
not provide suitable condition for the methanogen 
bacteria to grow in such environment.
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Figure 8. Concentrations of alkalinity bicarbonate: (a); and COD (b) 
 

Figure 8(b) showed variations of COD 
concentration during the methane formation. The 
concentration of COD on the methanogenesis reactor 
tends to decrease. In reactor A, COD decreased by 
49%, while in rectors B, C, and K were 52%, 53% and 
54%, respectively. Decrease in COD concentration 
can be caused by the process of organic degradation 
by bacteria. Organic content is also used as a food 
source for bacteria present in the process (Ramadanthi, 
2008). 
 
3.4 Methane gas concentration 

Methane gas is the final product of anaerobic 
processing. The methane gas formation is the result of 
the degradation of organic compounds, thus during the 
end of the operation (days 93rd -111th) we highlighted 

the changes of CH4, TVA and COD concentrations in 
each reactor. The results are presented in Figure 9. 
There was a substantial decrease in methane gas 
concentration from day 93rd to day 111th. As shown in 
Figure 9(a), the concentration of methane gas at 
reactor K is higher than that of reactors A, B, and C. 
This is due to the absence of Hyphomicrobium sp. 
bacteria in reactor K as compared to others in which 
Hyphomicrobium sp. was added with different 
concentrations. Hyphomicrobium sp. is generally 
known as a methanol-beneficial bacterium where high 
methanol production can inhibit methane oxidation 
(Wilkinson and Harrison, 1973). As found in this 
study, the higher of the Hyphomicrobium sp. bacteria, 
the lower of methane gas would be produced.
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Figure 9. Concentrations of methane gas (a); TVA concentration 
(b); and COD (c) 
 

Figure 9(b) showed a comparison between 
methane formation from the four variations of 
Hyphomicrobium sp. concentration in correlation with 
the TVA. The concentration of TVA in the K reactor 
was higher than that of reactors A, B, and C, and the 
methane gas concentration generated at the reactor K 
was greater than that of reactors A, B and C. 
According to Syafila and Djajadiningrat (2003) the 
amount of TVA would decrease as a result of the 
methanogenesis process which would convert the 
product from the process of acidogenesis into methane 

gas. In this study the decrease in TVA concentration 
was not accompanied by an increase in methane gas 
concentration which was caused by the addition of 
Hyphomicrobium sp.  This would influence the 
formation of TVA because the Hyphomicrobium sp. 
bacteria utilized methanol for its growth (Wilkinson 
and Harrisons, 1973). 

Methanol is one of the intermediate products of 
the acididogenesis stage in the formation of methane 
formation. The accumulation methanol production 
would inhibit the oxidation of methane, so that the 
methane concentration would be higher (Wilkinson 
and Harrisons, 1973). When methanol was utilized by 
Hyphomicrobium sp. bacteria, its concentration would 
decrease hence the methane formation would be 
limited. When a higher amount of the 
Hyphomicrobium sp. bacteria was added, the TVA 
concentration would be higher as well as the methane.  

Concentration of COD in the four reactors 
(Figure 9(c)) tended to decrease along with the 
decrease of methane gas concentration in Figure 9(a). 
Reactors were operated in a batch system hence this 
affected the organic degradation to be slow which 
further bring in the lower production of methane. The 
concentration of methane gas would decrease along 
with the decrease in COD concentration. Under the 
condition of high concentration of Hyphomicrobium 
sp., the concentration of COD tended to be lower. 
Ramadanthi (2008) confirmed the situation that the 
decrease in COD concentration could be caused by the 
organic degradation process by bacteria. 

In contrary to our previous hypothesis, the 
addition of Hyphomicrobium sp. seemed to be contra-
productive to the methane production. The inoculum 
also consumed the organic hence reduced the TVA as 
compared to reactor K. Therefore, methane production 
in the reactor without inoculum was higher than those 
with the bacteria. Hyphomicrobium sp. was reported 
to use many carbon compounds (including methanol 
carbon as an intermediate compound for CH4 
production) as growth substrates (Wilkinson and 
Hamer, 1972). These explained our findings that 
higher concentration of Hyphomicrobium sp. did not 
yield higher concentration of CH4, thus 
Hyphomicrobium sp. rich containing organic source 
should be avoided. 
 
4. CONCLUSION  

Maximum concentrations of methane gas 
produced from organic waste treated in the reactor 
were 66.4% (A), 69.4% (B), 53% (C) and 77.6 % (K). 
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It can be concluded that the concentration of 
Hyphomicrobium sp. has an effect on the formation of 
methane gas in the reactor however the production of 
methane was higher if it was not added. Inverse 
correlation was found between both parameters 
meaning that the higher concentration of 
Hyphomicrobium sp. would lead to lower 
concentration of the methane gas. This can be 
explained due to the formation of methanol as an 
intermediate product of the methane formation process 
which was further utilized by Hyphomicrobium sp. It 
also uses many carbon compounds such as methanol 
carbon as growth substrates.  However, further 
research is required to investigate solely the role of 
Hyphomicrobium sp. on the methane gas formation in 
the reactor without contribution from the microbial 
activity from the substrate. Control experiment of tap 
water “+” inoculum and tap water only should be 
conducted in the future to isolate the impact of 
inoculum to the bio methane production. 
 

REFERENCES 
Eckenfelder WW, Patoczka JB, Pulliam GW. Anaerobic versus 

aerobic treatment in the USA. Proceedings of the 5th 
International Symposium on Anaerobic Digestion; 1988 May; 
Bologna, Italy. Oxford, UK: Pergamon Press; 1988.  

Economist Intelligence Unit (EIU). Fixing Food: Towards a More 
Sustainable Food System [Internet]. 2017 [cited 2020 Jan 30]. 
Available from: https://foodsustainability.eiu.com/wp-content 
/uploads/sites/34/2017/03/FIXING-FOOD-TOWARDS-A-
MORE-SUSTAINABLE-FOOD-SYSTEM.pdf. 

Gotaas HB. Composting, Sanitary Disposal and Reclamation of 
Organic Wastes. Geneva: WHO Nanograph Series No 31; 
1956. 

Grady Jr. CPL, Lim HC. Biological Wastewater Treatment. New 
York, USA: Marcel Dekker Inc.; 1990. p. 29. 

Hayes D, Thomas IH, Ronald R, Frank RJ. Production of High 
Methane Content Product by Two Phase Anaerobic Digestion. 
USA: Gas Research Institute; 1988. 

Ilaboya IR, Asekhame FF, Ezugwu MO, Erameh AA, Omofuma 
FE. Studies on Biogas Generation from Agricultural Waste; 
Analysis of the Effects of Alkaline on Gas Generation. World 
Applied Sciences Journal 2010;9(5):537-45.  

Jeong SY, Kim TG. Development of a novel methanothropic 
process with the helper microorganism Hyphomicrobium sp. 
NM3. Journal of Applied Microbiology 2019;126(2):534-44.  

Liberty L, Prayatni S. The Effect of Adding Water to the CNP 
Ratio of Biowaste in a Mechanical Biological Treatment 
[dissertation]. Bandung: Bandung Institute of Technology; 
2008. 

Mao C, Feng Y, Wang X, Ren G. Review on research 
achievements of biogas from anaerobic digestion. Renewable 
and Sustainable Energy Reviews 2015;45:540-55. 

Malina  Jr.,  Joseph  F,  dan  Pohland  GF.  Design  of  Anaerobic  

Processes For The Treatment Of Industrial and Municipal 
Wastes. USA: Technomic Publishing Co, Inc; 1992. p. 153. 

Marin A, Denimal E, Guyot S, Journaux L, Molin P. A robust 
generic method for grid detection in White Light Microscopy 
Malassez Blade Images in the context of cell counting. 
Microscopy and Microanalysis 2014;21(1):239-48. 

Naik SN, Goud VV, Rout PK, Dalai AK. Production of first and 
second generation biofuels: A comprehensive review. 
Renewable and Sustainable Energy Reviews 2010;14(2):578-
97. 

Noraini M, Sanusi SMA, Elham OSJ. Factors affecting production 
of biogas from organic solid waste via anaerobic digestion 
process: A review. Solid State Science and Technology 
2017;25(1):29-39. 

Rahayu NS. The Performance of Upflow Anaerobic Fixed Bed 
(UAFB) Reactor for Organic Removal in Solid Waste under 
Liquid Phase without pH Adjustment [dissertation]. Bandung: 
Bandung Institute of Technology; 2011. 

Ramadanthi GP. Degradation of Liquid Phase Organic Waste 
Using Batch Mode Anaerobic Digestion [dissertation]. 
Bandung: Bandung Institute of Technology; 2008. 

Ramos-Suárez J, Arroyo NC, González-Fernández C. The role of 
anaerobic digestion in algal biorefineries: Clean energy 
production, organic waste treatment, and nutrient loop closure. 
In: Singh B, Kuldeep B, Faizal B, editors. Algae and 
Environmental Sustainability. India: Springer; 2015. p. 53-76. 

Rees JF. The fate of carbon compounds in the landfill disposal of 
Organik Matter. Journal of Chemical Technology and 
Biotechnology 1980;30:25-36. 

Syafila M, Djajadiningrat A. Performance of hybrid anaerobic 
digestion with rock stone to treat molase contained waste 
water. Proceedings of ITB Science and Technology: 2003; 
Bandung, Indonesia: ITB Publisher; 2003. 

Tchobanoglous GB. Wastewater Engineering: Treatment, Disposal, 
and Reuse. New York, USA: McGraw-Hill, Inc.; 2004. 

Utami A. Organic Waste Removal in Slurry Phase Treated in an 
Anaerobic Digestion Reactor [dissertation]. Bandung: 
Bandung Institute of Technology; 2010.  

Veenstra S, Lubberding HJ. Anaerobic Wastewater Treatment. 
Delf, Netherland: International Institute for Infrastructural 
Hydraulic and Environmental Engineering (IHE); 1993. 

Widjajanti S. Treatment of Waste Water from Security Printing 
Using Anaerobic Biological Process of Circulating Bed 
Reactor (CBR) with Sequencing Batch Reactor (SBR) System 
[dissertation]. Bandung: Bandung Institute of Technology; 
2008. 

Wilkie AC. Biomethane from biomass, biowaste, and biofuels. In: 
Wall J, Harwood C, Demain A, editors. Bioenergy. 
Washington DC, USA: ASM Press; 2008. p. 195-205. 

Wilkinson TG, Hamer G. Some growth characteristics of a 
Hyphomicrobium sp. in batch culture. Journal of Applied 
Bacteriology 1972;35:577-88.  

Wilkinson TG, Harrison DEF. The affinity methane and methanol 
of mixed cultures grown on methane in continuous culture. 
Journal of Applied Microbiology 1973;36:309-13. 

Wongthanate J, Mongkarothai K. Enhanced thermophilic 
bioenergy production from food waste by a two-stage 
fermentation process. International Journal of Recycling of 
Organic Waste in Agriculture 2018;7:109-16.

 




