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Abstract 

 

Vegetable waste, one of which is cabbage waste, has long been recog-

nized as a cause of a significant environmental problems in traditional 

markets and must be addressed. However, cabbage waste can be used 

as an alternative energy source through the Microbial Fuel Cell process. 

The purpose of this study was to determine the potential of cabbage 

waste as a producer of bioelectricity and the storage time of cabbage 

waste that produces the largest bioelectricity using Microbial Fuel Cells. 

This research was conducted in February 2022 at Laboratory of Micro-

biology and Botany, Universitas Siliwangi. The study employed a com-

pletely randomized design (CRD), with treatment consisting of a con-

trol group (without storage), five storage treatments, namely: treat-

ment 1 (2 days storage), treatment 2 (4 days storage), treatment 3 (6 

days storage), treatment 4 (eight days storage), and treatment 5 (10 

days storage). All treatments were repeated 4 times. A digital multime-

ter is used to determine the resulting electric current.  The results indi-

cated that the highest average total electric current generated was 

0.022 mA from the 4 days storage treatment. The lowest average total 

electric current generated was 0.010 mA from the 10th days storage. 

These data indicate that the treatment of storage time of up to 4 days 

can increase the amount of electric current generated, then it decreases 

with increasing length of storage. It is influenced by several variables, 

including the growth phase of the bacterium, the availability of organic 

molecules, and the population of bacterium. 
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Introduction 
In human life, most of the amount of waste 

comes from economic activities namely trading 
activities. This certainly causes many prob-
lems, because the increase in the volume of 
waste has a value comparable to the increase in 

human consumption (Nagong, 2020). In  
Indonesia, the total volume of waste generated 
is around 60-70%, including wet waste with a 
moisture content of 65-75%. Most of the waste 
comes from traditional markets and settle-
ments (Ayuningtyas et al., 2020). Tasikmalaya 
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City produces waste in various forms and char-
acteristics, one of which is vegetable waste 
which contributes to the total waste accumula-
tion of Tasikmalaya which is 106,688.51 tons 
per year in 2020 (Sistem Informasi 
Pengelolaan Sampah Nasional, 2020). Waste 
management in Tasikmalaya City remains tra-
ditional, is generally carried out by collection, 
transportation, and disposal (Haerani et al., 
2019). 

Cabbage is one sort of the most common 
types of vegetable waste found in traditional 
market (Brassica oleracea var. capitata). Cab-
bage and mustard typically account for the 
largest proportion of market vegetable waste. 
Cabbage contains carbohydrates, sugars, die-
tary fiber, fat, protein, thiamine (vitamin B1), 
riboflavin (vitamin B2), niacin (vitamin B3), 
pantothenic acid (vitamin B3), vitamin B6, fo-
late (vitamin B9), vitamin C, calcium, iron, mag-
nesium, phosphorus (Agustina, 2016; Utama & 
Mulyanto, 2009). Cabbage vegetable waste 
contains 64 mg calcium, 1.7 mg iron, 0.7 g pro-
tein, and a water content of around 65-80% 
(Sutrisno, 2010).  Water and nutrients can be 
used as a medium or food supply for microor-
ganism growth and metabolic reaction acceler-
ation (Anisah & Rahayu, 2015; Asgar & 
Musaddad, 2006). 

One of the uses of cabbage waste is an or-
ganic substrate in Microbial Fuel Cells (MFCs). 
Microbial Fuel Cells (MFCs) are anaerobic bio-
reactors that convert chemical energy con-
tained in organic materials into electrical en-
ergy through catalytic reactions involving mi-
croorganisms (Angenent et al., 2004). Various 
examples of bacteria that have been used for 
MFC, namely Rhodoferax ferrireducens, Geobac-
ter sulfurreducens, Aeromonas hydrophila, Esch-
erichia coli, Shewanella putrefaciens, Pseudomo-
nas aeruginosa, Erwiniasolvens, Desulfovibrio 
desulfuricans, Clostridium butyricum, and En-
terococcus faecillus. In addition, there are also 
yeast strains such as Saccharomyces cerevisiae 
and Hansenula sp. (Darmawan et al., 2018; 
Franks & Nevin, 2010; Kurnianingsih et al., 
2017; Rabaey & Verstraete, 2005). At the same 
time, various genera of bacteria such as Enter-
obacter, Streptococcus, and Bacillus were dis-
covered in cabbage trash. This waste also 

serves as a habitat for bacteria such as Lactoba-
cillus plantarum, employed to synthesize MFCs 
(Aliya et al., 2016; Sayuti et al., 2016). 

MFCs-generated electricity can be em-
ployed as an alternative energy source in Indo-
nesia, which until now the source of electrical 
energy in Indonesia  is still dominated by fossil 
fuels, particularly from coal (50%), natural gas 
(29%), fuel oil (7%), and renewable energy 
(14%) (Siswanto, 2019).  

The  availability of  fossil as an energy 
source will dwindle while the need for electri-
cal energy will continue to increase each year, 
it is an integral part of human civilization in 
various fields (Fadillah et al., 2015; Parinduri & 
Parinduri, 2020).  

This study aims to ascertain the potential of 
cabbage waste as a source of bioelectricity via 
Microbial Fuel Cells. Cabbage waste used is a a 
mixture of cabbage waste with water in a ratio 
of 1:1, and the amount of generated electrical 
current is determined by the storage duration 
and the storage time is varied to see how much 
electric current is generated. 

 

Materials and methods 
This research was conducted at the 

Microbiology and Botanical Laboratory, 
Universitas Siliwangi from November to May 
2022. 

 
Preparation of cabbage waste 

The source of cabbage waste is the tradi-
tional market of Cikurubuk Tasikmalaya. Cab-
bage waste to be used is mixed with water in a 
ratio of 1:1. A total of 100 grams of cabbage 
waste were cut using a knife and then blended 
after adding 100 mL of water. After blending, 
the cabbage waste was incubated at 37°C for 2, 
4, 6, 8, and 10 days. 

 
Preparing nutritious broth media (NB) 

Into a 500 mL Erlenmeyer, 25 grams of Nu-
trient Broth were added and 192 mL of distilled 
water was added and then cooked on a portable 
stove while stirring until homogeneous. Erlen-
meyer flask containing NB media was covered 
with aluminum foil and plastic wrap then ster-
ilized for 15 minutes at 121°C in an autoclave. 
The NB medium was then divided into 24 test 
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tubes of 8 mL each using a measuring tube 
which was carried out in a laminar chamber 
and using a flame from Bunsen so that the me-
dia was not contaminated. 

 
Bacteria Lactobacillus plantarum 
Inoculation 

Lactobacillus plantarum isolate from 
slanted nutrient agar media was taken using a 
loop needle into 24 test tubes containing 
Nutrient Broth medium. Lactobacillus 
plantarum on Nutrient Agar Slants media was 
taken using a ose needle. Inoculation is done by 
inserting the ose needle carrying bacteria 
isolate into a test tube containing Nutrient 
Broth media then pulling it out in a zigzag 
pattern. All test tubes  had been inoculated with 
Lactobacillus plantarum were incubated at 
37°C in an incubator. 

 
The Microbial fuel cell manufacturing 
process 
Preparing the electrode 

Carbon rods are utilized as electrodes in the 
anode and cathode chambers. Before usage, the 
two carbon rods were immersed in a 1N HCl 
solution for one day and then rinsed with 
distilled water. They were then immersed in a 
1N NaOH solution and washed for one day with 
distilled water. After soaking the two carbon 
rods for 30 minutes in distilled water, each 
replicate was immersed in a buffer solution. 

 
Preparing   the salt bridge 

The salt bridge that will be used is a dagger 
rope which is boiled in 200 mL of 1 M NaCl 
solution for 30 minutes in a 250 mL 
Erlenmeyer flask. As much as 29.25 grams NaCl 

powder was added to distilled water  until the 
volume reached 1000 mL in a 1000 mL beaker 
glass then homogenized on a portable stove. 

 
Preparing the electrolyte solution  

Electrolyte solution was prepared by 
dissolving 7.9 grams of KMnO4 powder in 500 
mL of distilled water in a 500 mL Erlenmeyer 
flask and centrifuged until homogeneous.      

     
 Developing microbial fuel cells reactor 

MFCs contain two different types of 
chambers: anode chambers and cathode 
chambers. Using plastic jars of 130 mL capacity, 
two divisions are constructed. On both sides of 
the jars, holes were drilled with a soldering 
screwdriver and connected to a salt bridge in 
the form of a dagger rope shielded by an acrylic 
tube. The tube and jar are enclosed in electrical 
insulation and tube insulation. 100 mL of 
cabbage waste and 8 mL of Lactobacillus 
plantarum bacteria were put to the anode 
chamber for each treatment. Although the 
anode chamber jars were hermetically sealed, 
the lids were perforated to accommodate the 
carbon rods and alligator clamp wires. The 
anode and cathode chambers are 
correspondingly filled with carbon rods. 
Chamber of cathode containing 100 mL and 0.1 
M KMnO4 The lid of the cathode chamber jar 
was conditioned aerobically and punctured 
with many holes. The carbon rod is then bored 
with a second hole to accommodate the 
alligator clamp cable. Attaching a multimeter to 
one of the other ends of the two alligator clips 
allowed for the measurement of the amount of 
current produced by the MFCs in each 
treatment.

 
 
 
 
 
 
 
 
 
 
 

Figure 1. MFC two chamber construction (A) Anode compartment (B) Cathode compartment 
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Results and discussion 
Current measurement the effects of storage 
time variation 

A multimeter measures the electrical en-
ergy in the form of an electric current created 

by the MFCs reactor. Data on electricity produc-
tion from each result of length of storage for 
cabbage waste in this study can be seen in Ta-
ble 1.

 
Table 1. Production of electricity as a function of length of storage 

Treatment 
Replication 

Average Total Electric Current 
(mA) 

1 
(mA) 

2 
(mA) 

3 
(mA) 

4 
(mA) 

0 day 0,010 0,013 0,015 0,017 0,014 
2 day 0,018 0,016 0,019 0,022 0,019 
4 day 0,024 0,020 0,020 0,022 0,022 
6 day 0,009 0,014 0,015 0,012 0,013 
8 day 0,014 0,017 0,012 0,011 0,014 
10 day 0,015 0,006 0,004 0,013 0,010 

 
According to Table 1, cabbage waste can 

generate energy when used as an organic sub-
strate for Microbial Fuel Cells. It can be deter-
mined by measuring the quantity of electric 
current with a multimeter. The highest average 
total electric current was detected from the 
four day of storage, at 0.022 mA. While the low-
est average of total electric current was 0.010 
mA  from the ten day of storage. Meanwhile, the 

average total electric current produced from 
days 0 storage (control) and 8 days storage is 
0.014 mA. 

Figure 2 illustrates the average total elec-
tric current generated by the Microbial Fuel 
Cells reactor using organic substrate in the 
form of cabbage waste between treatments 2 
days, 4 days, 6 days, 8 days, and 10 days.

 

 
Figure 2. Average Total Electric Current Curve 

 
The electric current generated by each 

treatment is depicted in figure 2 as a storage 
time of up to ten days. According to Figure 2, a 
specific storage time treatment can increase 
the electric current produced, but the electrical 
energy has decreased with the increasing the 
length of storage. The measurement results  
indicate that there is a match with the bacterial 
growth phase, which is composed of a lag 
phase, an exponential phase, a stationary 

phase, and a death phase (Nurhajati et al., 
2016). The control group generated an electric 
current of 0.014 mA. In the control treatment, 
Lactobacillus plantarum was in the lag phase, 
which is the phase where the bacteria adapt to 
their environment. On the fourth day storage 
treatment, Lactobacillus plantarum bacteria 
raise the electric current to 0.22 mA. In this 
treatment, the bacteria entered the fourth day 
of incubation and their growth entered an  
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exponential phase, which is a phase in which 
the number of bacteria increases exponentially. 
Due to their ability to divide into two cells 
through binary fission, the bacterial population 
is growing. The electric currents produced on 
the sixth and eighth days were identical, 0.013 
mA and 0.014 mA, respectively. The bacteria 
then entered a phase in which their growth rate 
was equal to their mortality rate, resulting in a 
constant number of cells (Darmawan et al., 
2018). This occurs because the nutrients re-
quired by bacteria begin to diminish, resulting 
in suboptimal bacterial cell division and a drop 
in the pace of bacterial growth. In the ten day 
storage treatment, the electric current pro-
duced dropped to only 0.010 mA, indicated that 
the bacteria had entered the death phase since 
the substrate no longer suitable for the nutri-
tional needs of the bacteria (Darmawan et al., 
2018). 

The electrical energy produced decreases 
and increases directly related to the number of 
electrons and protons released by bacteria. Ac-

cording to Liu et al., (2005), if no organic sub-
strate remains, the electricity output will di-
minish due to a lack of molecules to oxidize. Mi-
croorganisms will produce protons and elec-
trons when they degrade nutrients in cabbage 
waste. When the number of bacteria increase, 
nutrients are exhausted faster, and microor-
ganisms stop growing and eventually die. Addi-
tionally, this also decreases the number of pro-
tons and electrons transported to the elec-
trodes (Arbianti et al., 2013). Thus, the electri-
cal energy provided by Microbial Fuel Cells is 
related to bacterial metabolism. The electron 
transfer efficiency from the bacterial cell to the 
electrode is proportional to the number of bac-
teria connected to the electrode surface (Lee et 
al., 2010). 

 
The Chemical reactions that take place in mi-
crobial fuel cells 

Figure 3 illustrates the design drawing for 
the Double Chamber Microbial Fuel Cells used 
in this study. 

 

 

 

 

 

 

 

 

Figure 3. Design sketch of Double Chamber Microbial Fuel Cells 
 

In the anode and cathode chambers, chemi-
cal processes occur. Organic waste in cabbage 
waste and microorganisms in the form of Lac-
tobacillus plantarum are stored in the anode 
compartment. Cabbage waste contains a vari-
ety of nutrients, one of which is carbohydrate-
based. Microorganisms degrade carbohydrate 
compounds into simple sugar molecules such 
as glucose, sucrose, etc. The anode's electrode 
surface promotes microbial adhesion and or-
ganic oxidation, generating electrons. Rod  
carbon was employed as the electrode in this 
study because of its high conductivity. Micro-

bial Fuel Cells convert chemical energy to elec-
tricity by utilizing the catabolic action of living 
cells, specifically bacteria (biocatalysts). When 
bacteria oxidize substances, they collect elec-
trons and transport them to a series of respira-
tory enzymes that store energy in cells in the 
form of adenosine triphosphate (ATP). The 
electrons are transferred to electron acceptors 
such as iron, nitrate, sulphate, or oxygen.  
Microbes decompose organic substrates in the 
anode chamber, producing electrons (e-) and 
protons (H+) that are transported to the cath-
ode (Bajracharya et al., 2016; Das & Mangwani, 
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2010; Scott et al., 2012). At the anode, the reac-
tion equation is as follows. 
 Anode : CnH2nOn + H2O  CO2 + e- + H+  
 

A salt bridge made of NaCl solution con-
nects the anode and cathode chamber. Protons 
generated during oxidation travel through the 
proton exchange membrane to the cathode 
compartment, where they mix with oxygen to 
create water (Sekrecka-Belniak & 
Toczyłowska-Maminska, 2018). The cathode 
chamber is filled with KMnO4 (potassium per-
manganate) solution to measure the electrical 
power. Permanganate has a high redox poten-
tial, which may affect the amount of electrical 
energy generated by Microbial Fuel Cells. The 
higher the potential difference between the an-
ode and cathode, the greater the amount of 
electrical power produced. Mn7+ is reduced to 
Mn4+ using protons and electrons from the an-
ode compartment (Guerrero-R et al., 2010). 
The following equation describes the reaction 
at the cathode.    
Cathode : MnO4

- + 4H+ + 3e-           MnO2 + 2H2O  
 
Bacteria are able to transform organic 

chemicals into carbon dioxide, water, and en-
ergy via chemical reactions at the anode and 
cathode. Microorganisms need this energy to 
grow and metabolize. Through the metabolic 
processes of microorganisms, organic sub-
stances can be transformed to electrical energy 
via Microbial Fuel Cells technology. 

 

Conclusion 
Cabbage waste has the potential to gener-

ate renewable energy via Microbial Fuel Cells. 
Cabbage waste can be utilized as a substrate for 
bacteria to generate electricity. The cabbage 
waste can be utilized as an organic substrate in 
Microbial Fuel Cells and as a nutrition for mi-
croorganisms in order to produce electrical en-
ergy. During the storage of cabbage waste, the 
total electric current produce does not  
necessarily grow in proportion to the duration 
of the storage time. The highest average total 
electric current generated was 0.022 mA from 
the four day storage treatment and 0.010 mA 
from the ten day storage treatment. 
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