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Abstract :  

Ketapang fruit (Terminalia catappa L.) and tamarind fruit (Tamarindus 

indica L.) contain electrolytes that have the potential to serve as 

alternative energy sources for bio-batteries. This study aims to examine 

the effect of fermentation duration of extracts from both fruits on pH, 

electrical voltage, electrical current, and electrical power. This is an 

experimental study. The fruit samples were fermented for 10 days with 

varying concentrations of 50, 100, 150, 200, and 250 ppm for each 

solution. Measurements were carried out using a digital pH meter and 

a multimeter to determine the electrochemical characteristics. The 

results showed that the pH of the solution tended to increase during 

fermentation, with the lowest pH recorded on day 0 in the tamarind 

solution (250 ppm, pH 6.4) and the highest on day 10 in the ketapang 

solution (50 ppm, pH 8.1). The electrical voltage of the ketapang 

solution at all concentrations showed a fluctuating trend. The electrical 

current consistently showed negative results (-0.010 to -0.020 mA), 

indicating that the direction of charge flow was opposite to 

conventional outputs. The electrical power was directly proportional to 

the voltage and current but showed instability in the ketapang solution. 

The alkalization process during fermentation contributed to changes in 

the electrochemical properties of the solution. The increase in pH 

influenced ion conductivity and electrochemical mechanisms, such as 

the movement of hydroxide ions (OH⁻). This study indicates that 

ketapang and tamarind fruits can be utilized as alternative energy 

sources for bio-battery. 
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INTRODUCTION 

Fruits and vegetables possess electrical properties, making them potential sources of alternative 

energy in the form of bio-batteries. Among these are the Ketapang fruit (Terminalia catappa L.) and 

Tamarind fruit (Tamarindus indica L.). The utilization of renewable energy from these fruits is 

supported by their high citric acid content, which has the potential to serve as a source of electrical 

energy.(Tanjung, Masthura and Daulay, 2022) 
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Ketapang fruit (Terminalia catappa L.) and tamarind (Tamarindus indica L.) are processed into 

fermented extracts that can contain electrolytes for bio-batteries. The waste from ketapang fruit and 

leaves (Terminalia catappa L.) serves as a carbon source from organic waste, as it contains lignin, 

cellulose, and hemicellulose.(Fachrurozi et al., 2019) The seed of ketapang contains carbohydrates, 

proteins, fats, fibers, iron, ascorbic acid, arachidic acid, β-carotene, linoleic acid, myristic acid, oleic 

acid, palmitic acid, palmitoleic acid, stearic acid, phosphorus, potassium, niacin, riboflavin, thiamine, 

and water. The fruit contains glucose, pentosans, corilagin, brevifolin, carboxylic acid, β-carotene, 

cyanidin-3-glucoside, ellagic acid, gallic acid, and tannins.(Nugroho and Nur, 2018) Additionally, it 

also contains fatty acids and abundant fiber. These compounds make ketapang (Terminalia catappa L.) 

a substitute for activated carbon, softening oils, methyl esters, and bio-battery electrolytes. 

Tamarind (Tamarindus indica L.) is a type of plant commonly found in Indonesia, particularly 

on the island of Java, which is why it is named Asam Jawa.(Silalahi, 2020) The pulp of tamarind contains 

several types of acids, including tartaric acid, malic acid, citric acid, acetic acid, succinic acid, and apple 

acid, which enhance its electrical properties and have the potential to be developed into a bio-

battery.(Gardjito, 2013) Thus, the acid content of ketapang (Terminalia catappa L.) and tamarind 

(Tamarindus indica L.) can be used as an alternative electrolyte to generate electrical energy.(Fitrya et 

al., 2023) 

The fermentation process is the conversion of carbohydrates (sucrose, fructose, and glucose) 

into CO2 and ethanol. A solution with higher acidity from fermentation can become more electrolytic, 

generating a significant electrical voltage. Electrical conductivity increases as fermentation progresses. 

The longer the fermentation, the more H+ ions are produced, and the fewer OH- ions are 

generated.(Masthura, Putri and Daulay, 2021) 

The acidity of a substance affects its electrical power. A battery can generate electricity because 

it contains two electrodes and an acidic electrolyte solution. The more acidic the electrolyte solution, 

the higher the concentration of hydrogen ions, which increases the current conductivity from the anode 

to the cathode. The acidity of a substance is related to fermentation. Fermentation is a process of energy 

production within cells in the absence of oxygen, and it is commonly carried out to produce acidity from 

a substance. The degree of acidity can be determined using a pH meter. In carbohydrates containing 

glucose, when mixed with water and left without air for some time, fermentation occurs, producing 

ethanol. The ethanol, when left to stand, will oxidize into acetic acid. Factors that influence the 

fermentation process include pH, temperature, microbial agents, oxygen, and nutrients. These factors 

affect microbial growth during the fermentation process.(Sigalingging, Panjaitan and Sigalingging, 

2022; Yolanda, Masthura and Daulay, 2022) 

An electrolyte solution can conduct electricity because it contains ions that move easily toward 

the electrode with the opposite charge of the ions.(Maharani, Muliyono and Putri, 2022) Bio-batteries 

function as an alternative to conventional batteries by utilizing the electrical properties of fruit and 

vegetable waste that contain abundant electrolytes.(Sintiya and Nurmasyitah, 2019) A bio-battery is a 

device that generates electrical energy by utilizing living organisms as its source. A bio-battery produces 

electrical energy through the transfer of electrons across a medium with the conductivity of two 

electrodes (anode and cathode), thereby generating electric current and voltage differences.(Abdullah 

and Masthura, 2021) 

Two electrodes connected by an electrolyte and having a potential difference can generate 

electrical energy through an electrochemical reaction. The electrochemical process requires a 

conducting medium for electron transport in the reaction system, known as the solution. Solutions can 

be classified into three types: strong electrolytes, weak electrolytes, and non-electrolytes. A strong 

electrolyte solution is one that contains dissolved ions with a high ability to conduct electricity, allowing 

for a fast electron transfer process and relatively high energy output. In contrast, a weak electrolyte 

solution contains dissolved ions that are typically only partially ionized, resulting in a slower electron 

transfer process and a smaller amount of energy produced. However, electrochemical processes still 

occur. For non-electrolyte solutions, electron transfer does not occur because a substance cannot form 

ions and cannot move freely in the solvent.(Amirul and Pauzi, 2018; Bengi et al., 2018; Pandia, Sumarni 

and Izzania, 2021) 

Research on bio-batteries as an alternative energy source has been previously conducted by 

several researchers. Ety Jumiati et al. in 2023 conducted a study on mango fruit electrolyte solution as 
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an alternative bio-battery energy source, using volumes of 200 ml, 300 ml, and 400 ml. The study 

focused on measuring the pH, voltage, current, and the ability of the mango juice solution to power a 

white LED light. The research used the galvanic cell method with Cu and Zn electrodes. The mango 

electrolyte solution testing resulted in a pH value of 2.3. The maximum voltage and current values were 

obtained at a volume of 400 ml, with values of 2.32 V and 4.24 mA. It can be concluded that the larger 

the volume, the higher the electrical output.(Jumiati, Sirait and Soraya, 2023) 

Fahmi Salafa et al. in 2020 conducted research related to an innovative approach to reduce 

reliance on synthetic chemical materials for current batteries. The study found that orange peel has a pH 

of 3.8 and acidic properties, making it suitable for use as an electrolyte in batteries. The electrolyte 

produced by the orange peel generated a voltage of 0.81 volts and a current of 0.049 mA with a 4.7 KΩ 

resistor load. The battery, with dimensions of 4 cm in length, 2 cm in width, and 9 cm in height, produced 

a usable capacity of 4.752 mAH with a voltage of 0.8 volts.(Salafa, Hayat and Ma’ruf, 2020) 

A study by Rafil Arizona in 2021 showed that bilimbi (Averrhoa bilimbi) can generate 

electricity, with its voltage and current increasing linearly with fermentation time. A voltage of 3 volts 

and a current of 6 mA were obtained at a solution volume of 750 mL with a fermentation duration of 2 

days, while a voltage of 5 volts and a current of 7 mA were obtained at the same volume with a 

fermentation duration of 5 days.(Arizona et al., 2021) 

It is also known that the combination of several types of fruit, at the correct concentrations, can 

generate a better alternative electrical potential. A study by Aghisna Nuthfah Anshar in 2021 showed 

that a bio-battery with a 25% combination of orange peel and tamarind has the highest voltage and 

strongest current compared to solutions with higher concentrations. This occurs because the ion 

concentration at this level is not too concentrated, allowing ions to move more freely.(Anshar et al., 

2021a) 

In this study, the researchers aimed to investigate the effect of fermentation duration of ketapang 

fruit (Terminalia catappa L.) extract and tamarind fruit (Tamarindus indica L.) extract on the electrical 

properties (pH, voltage, current, and electrical power). Our preliminary studies have shown that an 

increase in pH was observed in the non-inoculated fermentation solution of fruit extract by yeast. The 

observed phenomenon of alkalization in the solution under these conditions could serve as a key finding 

and a novel outcome related to the weakening of the electrical properties of the solution. The weakening 

of the electrolyte solution under such conditions could support the findings of the previously mentioned 

studies bidirectionally, facilitating the identification and optimization of the solution and concentration 

to generate electrical energy. 

 

 

RESEARCH METHOD 

Research Design 

This was an experimental study. This design was chosen because the researchers aimed to 

periodically observe the trends in pH, voltage, current, and electrical power generated by the ketapang 

fruit (Terminalia catappa L.) and tamarind fruit (Tamarindus indica L.) extract solutions over a 10-day 

fermentation period. This study adapted the methodology of previous research on similar topics, 

building upon their approaches to better suit the specific objectives of this investigation.(Salafa, Latiful 

and Ma’ruf, 2020; Anshar et al., 2021b; Arizona et al., 2021) 

Equipment/Tool/Material 

The tools and materials used in this experiment are: stone mortar, blender, digital pH-meter, 

copper plate, zinc plate, measuring cylinder, plastic container, battery box, ketapang fruit, tamarind fruit, 

connecting cables, alligator clips, multimeter, label paper, knife, strainer, and digital scale. 

Experiment 

The experimental procedure; 1) The extract solutions of ketapang and tamarind were prepared 

from fruits with homogeneous ripeness. The fruits were washed thoroughly and cut into pieces, then 

crushed using a stone mortar and blended for approximately 5 minutes. The fruit solution was then 

squeezed and filtered to obtain the liquid extract. The ketapang and tamarind extracts were then 
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fermented for 10 days. Once the extracts were prepared, they were poured into the bio-battery cells, 

ensuring that the entire surface area of the bio-battery was covered. The solution was divided into five 

variations of concentrations: 50 ppm, 100 ppm, 150 ppm, 200 ppm, and 250 ppm. Each sample was then 

labeled. 2) Electrode selection: Cu (copper) as the cathode and Zn (zinc) as the anode, each cut to the 

same size of 10 cm × 3 cm. 3) The bio-battery cell was constructed using the galvanic cell (voltaic cell) 

method, in a 1000 mL plastic container. Copper and zinc electrodes, measuring 10 cm × 3 cm, were 

attached to opposite sides of the container, and were connected with cables, alligator clips, and a digital 

multimeter.(Deninta, 2020) 

 

 

Figure 1. Flowchart of Testing and Preparation of Electrolyte Solution from Fermentation of Ketapang 

Fruit (Terminalia catappa L.) and Tamarind Fruit (Tamarindus indica L.) Extracts. 

 

The performance of the biobattery tested includes the characteristics of pH, voltage, current, and 

electrical power. The pH value was measured using a digital pH-meter. Voltage and current were 

measured using a digital multimeter (Sanwa CD800a). The power value was calculated by multiplying 

the measured voltage by the current. pH and electrical measurements (voltage, current, and power) were 

taken at each fermentation time interval. This study generated data including pH values, electrical 

voltage, current, and power based on the solution concentration (ppm) over a fermentation period of 0-

10 days. These data was then processed into graphs using OriginLab, followed by data analysis. 

 

RESULTS AND DISCUSSION 

The voltage, current, and electrical power generated in this study can be explained using the 

principle of galvanic (voltaic) cells. When two different electrodes are immersed in an electrolyte 

solution, electrical energy is generated as a result of the spontaneous chemical reactions occurring. The 

chemical reactions involved are redox (reduction-oxidation) reactions. At the anode (Zn), oxidation 

occurs, while at the cathode (Cu), reduction takes place. Electrons move from the anode (oxidation 

process) to the cathode (reduction process). In the electrolyte solution, charge is transferred by cations 

toward the cathode and by anions toward the anode. This process continues to repeat, ultimately 

generating electrical energy.(Prakoso, Suwandi and Fitriyanti, 2020). 
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pH Testing of the Solution 

The following is a figure showing the pH measurement using a pH-meter by the researcher. pH 

measurements were conducted for each concentration of ketapang and tamarind solution. 

 

Figure 2. pH testing 

The following is a figure showing the graph of the pH test results of the ketapang and tamarind 

solutions over a ten (10) day fermentation period. 

 

(A)  

 

(B)  

Figure 3. pH Test Results of Ketapang Solution (A) and Tamarind Solution (B) 

The results of this study revealed that the lowest pH on day 0 was found in the tamarind solution 

with a concentration of 250 ppm (pH 6.4), and the highest pH was found in the ketapang solution with 

a concentration of 50 ppm (pH 7.1). In general, the pH of each solution with different concentrations 

(ketapang and tamarind) showed an increasing trend over the 10-day fermentation period. On day 10, 

the highest pH was found in the 50 ppm ketapang solution, which was 8.1. These findings indicate that 

an alkali process occurred in each concentration of ketapang and tamarind solution. The researcher did 

not apply any mechanical, biological, or chemical intervention to these solutions. In this study, the 

researcher examined the natural properties of the solutions through fermentation, which was not assisted 

by yeast. These pH changes are important to note, as the acidity (pH) is a crucial parameter for 

determining the level of acid or base in the solution. Changes in the pH of water can lead to alterations 

in color, taste, and odor.(Purwanto, Iflah and Aunillah, 2020) The higher the pH value, the greater 

the alkalinity and the lower the concentration of free carbon dioxide.(Nurasia, 2019) 
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Electric Voltage Testing of the Solution 

The following is a figure showing the graph of the voltage test results of the ketapang and 

tamarind solutions over a ten (10) day fermentation period. 

 

(A)  

 

(B)  

Figure 4. Voltage (Volt) Test Results of Ketapang Solution (A) and Tamarind Solution (B) 

Based on the voltage test results, it was found that the voltage in the ketapang solution showed 

unstable (fluctuating) results, reaching the lowest value on day 10 of fermentation, which was 1.62 volts 

(obtained from ketapang solution concentrations of 50 and 100 ppm). Meanwhile, the tamarind solution 

showed the lowest value on day 10 of fermentation, which was 1.66 volts (for the 150 ppm tamarind 

solution). The final reduction in voltage levels for the ketapang 50 ppm, ketapang 100 ppm, and 

tamarind 150 ppm solutions over the 10-day fermentation period were 7.9%, 7.9%, and 10.75%, 

respectively. These findings indicate that the tamarind solution had a higher reduction in voltage 

compared to the ketapang solution, although it had a higher final voltage value. The alkalization of the 

solution (increasing pH) is one of the factors contributing to this occurrence.(Govindarajan, Xu and 

Chan, 2022; Liu et al., 2024) An increase in pH can enhance the reactivity of ions in the solution, thereby 

accelerating the reduction process. 

A study by Atina investigating the voltage and current strength of various fruits (tomato, 

pineapple, starfruit, apple, and orange) based on their acidic properties found that the pH values of each 

fruit sample were inversely related to the voltage and current generated. As the pH value decreased, the 

voltage produced increased, and vice versa. In the study, orange exhibited the highest voltage, followed 

by starfruit, apple, pineapple, and tomato, respectively. It is important to note that each fruit contains 

different fiber components and chemical elements, which means that the oxidation process affecting pH 

also indirectly contributes to the electrical properties, playing a significant role. Further research is 

needed to investigate the differences in the chemical composition and reactive properties of each 

solution, as well as the factors contributing to the underlying mechanisms that influence the electrical 

performance of the fruit extracts and/or solutions within the scope of electrochemistry.(Atina, 2015) 
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Electric Current Testing of the Solution 

The following is a figure showing the graph of the current test results of the ketapang and 

tamarind solutions over a ten (10) day fermentation period. 

  

(A) 

 

(B)  

Figure 5. Current (mA) Test Results of Ketapang Solution (A) and Tamarind Solution (B) 

Similar to the findings for voltage, the ketapang solution also showed unstable current values. 

Both the ketapang and tamarind solutions exhibited negative electrical current outputs during the 10 

days of fermentation (-0.010 to -0.020), with an absolute value of 0.010 mA. This study confirms that 

the alkalization process can strengthen the electrical current (increased conductivity), but it shows the 

flow of electrical charge in the opposite direction of conventional electricity flow (the flow of charge 

from the positive pole to the negative pole).(Kamberaj, 2022) This study did not further investigate the 

involvement of ions, including the increase in the number and movement of hydroxide ions, which could 

affect the flow of electrical charge. A study by Hana Kholida, which assessed the electrical current 

strength at varying acidity levels of fruit solutions (mango and orange), confirmed that the electrical 

current strength is inversely related to the acidity level (pH); as the pH value decreases, the electrical 

current strength increases. Conversely, as the pH value increases, the electrical current strength 

decreases.(Kholida, 2015)  

The hydroxide ions (OH⁻) produced during the alkalization process can contribute to the 

increased conductivity of the solution. The increase in the concentration of hydroxide ions in the solution 

can enhance its ability to conduct electrical current, which has implications for applications in 

electrochemical systems. Furthermore, the movement of ions in the solution is highly influenced by the 

pH, where alkaline conditions can accelerate ion mobility and improve conductivity. Therefore, further 

research on the involvement of ions, particularly hydroxide ions, in the alkalization process and their 

impact on the flow of electrical charge is essential to understand the mechanisms underlying this 

study.(Wanta et al., 2019) 

As mentioned in the electrical voltage section, Atina’s study also stated that the pH of fruit-

based acid solutions inversely affected the current generated. A lower pH resulted in a higher electrical 

current. Atina’s findings ranked the fruits in the following order, from the highest to the lowest current 

source: orange, starfruit, apple, pineapple, and tomato.(Atina, 2015)  
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Electric Power Testing of the Solution 

The following is a figure showing the graph of the power test results of the ketapang and 

tamarind solutions over a ten (10) day fermentation period. 

 

(A)  

 

(B)  

Figure 6. Power (mW) Test Results of Ketapang Solution (A) and Tamarind Solution (B) 

 The electrical power of the ketapang and tamarind solutions is directly proportional to the 

findings of the voltage and current of the related solutions as shown in the previous test results. The 

instability of the ketapang solution also contributes to its unstable electrical power. Theoretically, the 

electrical power (P in mW) can be explained in relation to the voltage (V in Volts) and current (A in 

mA) through the following equation: 

P = V x I 

Information: P = Power (mW); V = Voltage (Volt); I = Current (mA)(Abidin et al., 2020) 

The ketapang solution showed fluctuating voltage values over a ten-day observation period, as 

indicated in Figure 4.A. Furthermore, the ketapang solution also exhibited the same trend (fluctuating 

increases and decreases) in current values as shown in Figure 5.A. This caused the power measurements, 

in line with the equation above, to produce unstable electrical power findings for the ketapang solution. 

The tamarind solution showed a more stable electrical power test result up to the seventh day 

of observation. The minimal variation between increases and decreases in electrical power over the 

observed period in this solution was also influenced by the more stable reduction in voltage (shown in 

Figure 4.B) when compared to the ketapang solution, as well as the stable current test values with no 

significant fluctuation until the seventh day (shown in Figure 5.B). The electrical current deflection in 

the tamarind solution occurred on the eighth day, but it continued to show a stable trend without 

significant difference until the tenth day. 

The opposite direction between voltage and current (positive voltage and negative current) 

indicates the presence of an energy flow back to the power supply (reabsorption) by the source. Over 

time (the alkalization process), the sources (ketapang and tamarind solutions) exhibited the role of 

energy absorbers. 

In addition to pH, another critical physical factor that must be considered is the electrical 

resistance of the solution, which plays a significant role in determining the power output in a complex 

and interconnected way. As the distance between the electrodes increases, the electrical potential (both 

voltage and current) generated across the solution decreases, leading to a reduction in overall power 

output. Conversely, reducing the distance between the electrodes lowers the resistance, resulting in 

higher potential and consequently greater power output. Any manipulation of these factors could 

introduce biases, potentially compromising the reliability of the study's findings. However, such 

manipulations were intentionally avoided in this study. The resistance between the electrodes remained 
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constant for each solution and concentration throughout the experimental process, ensuring that it did 

not affect the results in any way.(Imamah, 2013) 

In conclusion, this study reveals that the transition to basic properties (alkalization) can reduce 

the electrical potential of the electrolyte solution, as reflected in the decreased values of voltage, current, 

and power in line with the increasing pH of the solution. This study is the first to investigate the impact 

of alkalization phenomena during the fermentation process of fruit extract solution without the use of 

yeast on the weakening of the electrical properties of the solution. Therefore, the development of 

electrolyte solutions using methods that support and maintain acidic conditions may yield better 

electrical potential from naturally sourced solutions, such as fruit extracts. 

 

CONCLUSION 

Ketapang fruit (Terminalia catappa L.) and tamarind (Tamarindus indica L.) have the potential 

as alternative electrolytes for bio-batteries. In general, the pH increases over time, indicating an 

alkalization process that affects the electrical characteristics of the solution, including voltage, current, 

and electrical power. The role of hydroxide ions (OH⁻) in enhancing the conductivity of the solution is 

crucial. The alkalization process increases the reactivity of ions in the solution; however, the 

mechanisms of ion behavior and other factors influencing performance still require further research for 

the development of bio-batteries sourced from ketapang and tamarind fruits to achieve optimal 

performance. The researchers recommend that future research focus on investigating similar sources 

(ketapang and tamarind) using an alternative approach, specifically by incorporating yeast as a 

biological agent for the fermentation of the solution, and determining the optimal concentration for 

generating electrical potential. Another crucial recommendation is to examine the effects of alkalization, 

the causes and factors contributing to alkalization, as well as the ion mechanisms involved in the 

weakening of the solution’s electrical potential. This will directly contribute to the development of more 

robust and sustainable bio-batteries. 
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