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Abstract. Microbial Fuel Cell (MFC) was a Technology that produced electrical 

energy utilizing microorganism. The purpose of this study was to know enceng 

gondok potency as substrate in MFC system and add electrolyte solution and 

buffer. This study used enceng gondok as substrate and Pseudomonas sp. bacteria. 

The Method of this study was using double compartment that consist of anode and 

cathode chambers. Both of them were related by salt bridge. The result showed 

that electric current and potential differences maximum that was produced 

(without added of electrolyte solution and buffer) was 0.11 mA and 0,27 V while 

power density was  20.34 mW/m2.  Whereas Electrolyte solution and buffer 

combination showed electric current and potential differences maximum that 

produced was 3.06 mA and 0.86 V while power density yaitu 1802.46 mW/m2. 

 

Keywords: Phosphate Buffers, Eceng Gondok, Electrolytes, Microbial Fuel Cell 

(MFC). 

1   Introduction 

Microbial fuel cells (MFCs) are an emerging technology that directly converts the chemical 

energy stored in organic matter to electricity. Energy was produced  some sustrate which was 

glucose, acetate, butrate, laktate, ethanol and cellulose(Yazdi, et al., 2011: 278-283). Enceng 

gondok was organic material that easy growth at water area. It was high rate to growth so its 

existence in nature was very abundant. Enceng gondok contained  high cellulose which was 

64,51%, lignin 7,69% and other organic material (Moeksin, dkk., 2016: 10). It is very potencial 

was used as substrate in MFC system. Baharuddin et All (2015 : 59) reported that cellulose in 

plant has potency to change became simply sugar  by  cellulotic bacteria. The sugar could is 

used as carbon resources and nutrition at bacteria growth. The use of Bacteria related to MFC 

system condition. Electrolyte solution and buffer on appropriate condition would increase 

electric potency that produced. Muftiana et all (2018) reported that tofu water   waste substrate 

with Lactobaccillus bulgarius used electolite solution KMnO4 0,2 M  produced higher electrical 

potency which was 99,2 mV than K3[Fe(CN)6] which is 48,6 mV. Beside eletrolite solution and 

buffer influenced to efficiency and energy potency. They influenced to microorganism growth 

condition. (Fitriani et All ( 2018:76). Based on it, this study aimed to diversification of 

renewable energy sources utilizing enceng gondok as substrate and Pseudomonas Sp bacteria at 

MFC basic technology. To Produce high electric potency, so was used vary of electrolyte 
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solution and buffer. Combination that used at electrolyte solution which was KMnO4 0,2 M dan 

K3Fe(CN)6 0,2 M and  

Sodium fosfate and kalium fosfate as buffer solution. 

2   Material and  Methods 

This study uses a MFC 5 compartment double system, each system consists of 2 500 mL 

spaces connected by a bridge to make KCl 0.1 M. One space functions as an anode chamber 

filled with 350 mL of water hyacinth pulp and another space filled with 350 mL of aquades, 350 

mL of KMnO4 2 0.2 M, and K3Fe(CN)6 0.2 M functions as a cathode chamber. In the anode and 

cathode chambers, graphite electrodes are inserted which are activated with 1 M HCl solution 

and 1 M NaOH for 1 day and copper wire is placed on the top of the electrode. Then 5 mL of 

bacteria is inserted into the anode chamber with the addition of 10 mL buffer solution Sodium 

phosphate and Potassium Phosphate buffer using a pipette volume, the type of bacteria used is 

Pseudomonas Sp. Furthermore, current measurements and potential differences using a digital 

multimeter every 4 hours for 36 hours so that the maximum point is obtained, then calculated 

the value of power density. 

 

 

 

 

 
 

 

 

 

 

 

 

Fig 1. double compartment  design (Sumber: Logan, 2006) 

3   Results and Discussion 

In this research, current measurements and potential differences in water hyacinth susbtrat 

were carried out to determine the effect of adding two types of electrolyte solutions, namely 

KMnO4 0.2 M and K3Fe (CN) 6 0.2 M in the cathode chamber. Also used were variations of 

buffer solution in the anode chamber, namely buffer sodium phosphate pH7 and potassium 

phosphate buffer pH 7, knowing the suitable buffer solution in maintaining the environmental 

pH condition of Pseudomonas Sp on water hyacinth substrate and at the same time knowing the 

appropriate combination between the use of electrolyte solution and buffer material in produce 

maximum current and potential difference. 

The current and potential difference without the addition of electrolytes and buffers are 

shown in Figure 1. During the 0 to 20 hours there is a pattern of decreases and increases in 

currents so that the resulting current is not stable. This is because, the substrate used is cellulose, 

the bacteria must break down cellulose into glucose first (Ibrahim et al, 2014). 
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Fig 1. Flow of water hyacinth substrate without the addition of electrolytes and buffers 

The metabolic process starts at the 20th to the 24th hour, after which at the 28th hour the 

maximum current indicates the peak phase of cell division. Then at the 32nd to 36th hours it 

shows a decrease pattern followed by a relatively constant current pattern. This pattern of 

decreasing current indicates that bacteria are already in the phase of death. 

The maximum current obtained from the water hyacinth substrate without additions is 0.11 

mA. The current value produced in this study is higher than the current value obtained by 

Purwono, et al. (2015) which uses substrate from tofu industry wastewater which is equal to 

7.25 µA. The value of electric current generated in the MFC system is due to bacterial activity 

that carries out metabolic processes on the substrate and the ability of MFC as energy 

conversion. Bacterial activity that occurs can be seen from the increase in the value of current 

generated from the amount of nutrients from the substrate consumed (Kristin, 2012). 

 

 

 

 

 

 

 

 

Fig 2. Potential difference of water hyacinth substrate without the addition of electrolytes and 

buffers 

Figure 2 shows the potential difference value of the maximum 28th to 36th hour, which is 

equal to 0.27V. On the 4th to 12th hours the potential difference is constant, which is 0.24V. -

16 to 20 shows a pattern of decline in potential differences. On the 24th to the 36th hour the 

pattern of increase in potential difference was followed by a relatively constant potential 

difference value. 

The maximum potential difference obtained in this study is higher than the research 

conducted by Inayati, et al. (2015) which uses a substrate from glucose that is equal to 24.3 mV. 

However, Kurniawati and Sanjaya (2013) research using cellulose fibers from cattle rumen with 

the addition of Pseudomonas Sp produced a higher potential difference of 750 mV. This is 

caused by cellulose fibers originating from the cattle rumen which contain many cellulotic 

bacteria which are capable of breaking down cellulose fibers (Omed, et al., 2000). So that the 

use of the appropriate type of bacteria in the MFC system can also affect the energy produced. 

To be able to increase the current and potential difference in the MFC system, the addition 

of a variety of electrolyte solutions with phosphate buffer material is used. The results of current 

measurements are shown in Figure 3. 

 

 

 

 

0

0,05

0,1

0,15

0,2

0,25

0,3

0 10 20 30 40

T
e

g
a

n
g

a
n

 (
V

o
lt

)

Waktu (jam)

0

0,5

1

1,5

2

2,5

3

3,5

0 10 20 30 40

A
ru

s 
(m

A
)

Waktu (jam)

Natrium

Fosfat

Kalium

Fosfat



 

 

 

 

Fig 3. Flow of KMnO4 with variations of the buffer material Sodium phosphate and potassium 

phosphate 

In Figure 3, it can be seen that there is a difference in the flow produced from the 

combination of electrolyte KMnO4 with a buffer material of sodium phosphate and potassium 

phosphate buffer. The combination with a potassium phosphate buffer solution results in a 

higher average flow compared to the sodium phosphate buffer solution. Potassium phosphate 

buffer produces a maximum current value of 3.06 mA, while sodium phosphate buffer is 2.03 

mA. 

In addition, the occurrence of a pattern of increase and decrease in the flow produced at 0 

o'clock to 20 o'clock, is due to the activity of bacteria in the decomposition of complex 

compounds into simpler molecules (Ibrahim et al, 2014) and the occurrence of competitive 

interactions between bacteria in the growth substrate. 

Figure 4 shows the maximum potential difference of the 0th hour and 36th hour, which is 

equal to 0.40V for sodium phosphate buffer. Potassium phosphate buffer, which is equal to 0.86 

V, is indicated at the 0th, 12th, 20th and 24th hours. Based on Sari's research, et al. (2016) which 

used a variation of buffer material and pH on whey tofu flour with Lactobacilus bulgarius 

showed that potassium phosphate buffer also produced a higher potential difference of 42.2 mV. 

But in this study the current obtained was higher due to the high content of cellulose fiber from 

water hyacinth. So that the carbon source needed by the bacteria in the process of metabolism 

is more and the energy produced is high. 

 

 

 

 

 

 

 

 

 

Fig 4. Potential difference of KMnO4 with variations of buffer material Sodium phosphate and 

potassium phosphate 

To find out the effect of adding electrolyte solution types with variations of the buffer 

solution combination on the electrical energy produced, then the addition of K3Fe (CN) 6 0.2 

M electrolyte solution in the MFC system and potassium and sodium phosphate buffer solutions. 

The results of current measurements and potential differences are shown in Figures 5 and 6. 
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Fig 5. Current value of K3Fe (CN)6 with a variation of the sodium phosphate and potassium 

phosphate buffer material 

 

Figure 5 shows that the combination of a K3Fe (CN) 6 electrolyte solution with a potassium 

phosphate buffer produces a higher average current compared to a combination of a K3Fe (CN) 

6 electrolyte solution with a sodium phosphate buffer. However, the maximum current value 

obtained using sodium phosphate buffer is higher at 1.11 mA, while for potassium phosphate is 

0.86 mA. 

 

 

 

 

 

 

 

 

 

Figure 6. Potential difference of K3Fe (CN) 6 with variations of the buffer material Sodium 

phosphate and potassium phosphate 

In Figure 6, the potential difference is relatively constant, only at the 20th hour, that is, 

sodium phosphate shows a sharp decrease in potential difference that is equal to 0.33 V. After 

experiencing a sharp pattern of decline, again shows an increase in current followed by a pattern 

relatively constant. Unlike the measurement of current values, at this potential difference value 

the use of sodium phosphate buffer material produces a high average value compared to 

potassium phosphate material. The maximum potential difference value produced is equal to 

0.61 V to buffer sodium phosphate and 0.57 V for potassium phosphate buffer. 

In the Muftiana study, et al (2018) which used a variation of the concentration of electrolyte 

solution K3Fe (CN) 6 0.25 M; 0.2 M; 0.15 M; 0.1 M and 0.001 M obtained the maximum 

potential difference at a concentration of 0.2 M which is equal to 48.6 mV. Based on this study, 

the potential difference is higher because the addition of variations in phosphate buffer pH 7 is 

more suitable for the pH of the Pseudomonas Sp environment so that the energy produced is 

higher. 

Based on the maximum current value and potential difference in each combination of 

electrolyte solution with phosphate buffer material. Then the value of the efficiency of Power 

Density (mW / m2) is calculated, which is power per unit of electrode surface area. The highest 

value of Power Density (mW / m2) is the combination of KMnO4 electrolyte solution with 

potassium phosphate buffer of 1802.46 mW / m2. Maminska, et al. (2018) who used cellulose 

substrates obtained Power Density values of 44 mW / m2. 

From the results obtained that the value of Power Density using a water hyacinth substrate 

produces a higher Power Density (mW / m2). This is presumably because KMnO4 has a 
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standard reduction potential value of 1.70 V compared to K3Fe (CN) 6 ¬ with the price of 

reduction potential of 0.36 V. Thus, the use of electrolyte solutions with the addition of suitable 

buffer materials can affect the current value , potential difference and the value of Power Density 

(mW / m2) produced by the MFC system. 

4   Conclusion 
The results of measurements of water hyacinth substrate on the MFC system produce a 

maximum current and potential difference value 0.27 mA dan 0.11 V . From the use of a 

combination of electrolyte solutions, a 0.2 M KMnO4 solution with a potassium phosphate 

buffer solution yielded a higher current, potential difference and Power Density value of 3.06 

mA; 0.86 V and 1802.46 mW/m2. 

As for the sara in this study is the need for the preparation of MFC methods do fiber water 

hyacinth through mechanical and chemical treatment. Mechanical treatment is done to further 

minimize the size of the fibers, whereas chemical treatment to eliminate the rate of lignin and 

hemicellulose contained in water hyacinth.  
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