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ABSTRACT: This study presents a battery system whose electrolytes were extracted from Nigeria fruit juices. The fruit 

juices experimented with were; lime, lemon, orange, grape, coconut and water melon. Chemical test was carried out  in  

the  laboratory  to  determine  the  acidity and PH level of  these  fruit  juices. Lime has the highest level of acidity 

followed by lemon. While watermelon has the highest PH level followed by coconut. Battery cell  blocks  of  two  cells in  

series  per block were  constructed, eight  blocks  were  constructed. Copper  and  Zinc  electrodes  were  embedded  to  

produce  positive and  negative  terminals  of  the  battery. Six  fruit  juice were  filtered  and purified  and  fed  into  the  

battery  cells  by  a  syringe   mechanism. Test  and  measurement  carried  out  shown that lemon, grape, and lime 

produced 0.8V  per cell while  coconut and  watermelon produced  0.7V per cell,  giving a total  battery voltage  of  

12.8V  and  11.2V respectively. Voltage and current was determined from developed battery fruit juices electrolyte, it 

was observed that the battery system produces slight voltage and the current that can power LED light. However, lime 

juice electrolyte produced higher voltage compared to other fruit juices electrolytes. Also, it was observed that the cells 

could not sustain a stable voltage for a prolonged period due to oxidation process. 
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I. INTRODUCTION  

In Recent time, there is call to preserve our environment, which is referred to as climate change. International 

bodies, Nations of the world, Cooperates Organizations and Nongovernmental Organization (NGO) etc. are all putting 

your voices together to combat climate change. Mankind are yeaning for comfort and dominance, which lead to 

human exploration and industrial revolution. This human activities from industrial revolution on earth as create an 

effect on the environment which include deforestation, mining leading to erosion, and release of Carbon Monoxide 

(CO) into the atmosphere leading to the depletion of the ozone layer. In addition, industrial revolution also leads to 

noise pollution from design and uses of locomotive devices. 

Our environment is being affected by waste generated by man activities on earth which lead to climate 

change. This waste if not properly manage it can become hazardous to man exist on earth. These human wastes are 

neither in solid state, liquid state or gaseous state. The solid waste are recycle to the produce same material or relative 

materials, while liquid waste are converted to not hazardous liquid which can be reuse in the industry or domestic use. 

Materials that are not biodegradable are discourage, while the production of degradable materials are encourage 

which lead to this study on deployment of fruit juices as battery electrolyte. The development of clean and renewable 

energy resources has become a more important task than ever to safe our environment. 

Batteries are electrochemical devices which convert chemical energy into electrical energy or the batteries 

are device that store chemical energy and convert it to electrical energy by electrochemical oxidation and reduction 

reactions, which occur at the electrodes (Saheed et al, 2018). A cell consists of an anode where oxidation takes place 

during discharge, a cathode where reduction takes place and an electrolyte which conducts the electrons (via ions) 

within the cell (Theraja, 2004),  The reaction typically occurs between two pieces of metal, called electrodes, and a 
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liquid or paste, called an electrolyte. For a battery to work well, the electrodes must be made up of two different types 

of materials. This ensures one will react differently than the other with the electrolyte. This difference is what 

generates electricity. Connect the two electrodes with a material that can transport electricity well (called a 

conductor) and the chemical reactions fire up; the battery generates electricity (Atetegeb et al, 2016). All batteries 

have a ‘positive’ and ‘Negative’ terminal.  One of the electrodes will tend to loss electrons and the other electrode will 

tend to gain electrons. The metal electrode that loses electrons is called the negative terminal or anode. The other 

metal electrode that gains electrons will become the positive terminal or cathode. The copper wires act as conductors, 

allowing electrons to flow through them. Electric current is a flow or pushing of electrons through a circuit from the 

"negative" terminal, through a conductor, towards the "positive" terminal. A volt (voltage) is a measure of the force 

moving the electrons (Theodosios et al, 2019). 

An  electrode  is  the  part  of  a  cell  through  which  charges  enter  or  exit.  Each cell has a pair of electrodes 

from conducting materials.  There are chemical changes between both the electrodes and the electrolytes. These 

changes convert the chemical energy to electrical energy. There are two kinds of cells in electricity. There are wet cells 

and dry cells. Wet cells are liquid cells like the cells in a car battery. A fruit juice  also  has  wet  cells  which  is  a  reason  

why  it  acts  like  a  battery  and  is  able  to  produce  Jakia et al, (2018).  

Abdul and Muhammad, (2015), presents a research work was to determine whether lemon can produce 

electricity or not. Lemon has a voltaic cell which changes chemical energy into electrical energy. By a series circuit, 

conductor (copper) inserted into lemon to generate voltage. 

Saheed et al, (2018), presents a study, on using fruit as battery acts like a wet cell that consists of a negative 

and positive electrode with an electrolyte which conducts ions, also, copper and zinc metals acts as electrodes while 

citric acid of the fruit is the electrolyte. In a nutshell, apple generated the highest voltage out of all the fruits tested, 

the higher the acidity and size of the fruit, the higher the voltage, also, the far apart the electrodes inserted into the 

fruits, the higher the voltage using copper and zinc as the best electrode over copper and steel or steel and zinc 

electrode. 

 

II. Materials and Methods 

The materials used for the development of the Nigerian fruit juices as battery electrolyte are presented in 

Table 1. 
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Preparation of the Battery Electrolyte 

The fruits used are lime, lemon, grape, orange, coconut and water melon for each fruit juice it was carefully 

washed to reduce External impurity and cut into two. The juices were extracted into a bowl. The content was filtered 

(sieved) severally to obtain a solution that has less impurity, shown in Figures 2 to 5 

 

 

Figure 3: Lime Fruit Juice Extract 

 

Figure 4: Water Melon 
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Figure 5: Fruit Juice Solutions Ready for Titration to Determine their Concentration 

The Choice of Battery Electrode 

Iron wire, copper wire, zinc wire and aluminium wire were put into test, the electrodes were immersed into 

10ml of each fruit juice at different time and it was observed that zinc and copper produced the highest voltages and 

were thereby selected for the experimental process. 

 
Figure 6: Zinc Electrodes 

 
Figure 7: Copper Electrodes 

 

Construction of the Cell Case and the Overall Battery Casing 

The battery casing is cut out with dimension of 6.5cm by 23cm by 6.5cm and epoxy gum was used to fix the various 

parts together to form a container. The diagram of the container is shown in the Figure 10a &10b. 
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The battery cells of dimension 3.5cm by 1.5 by 1cm is carefully mounted on the base of the overall battery container 

to form cells of the battery, the battery container contains 16 cells that are connected together in series to achieve 

12.8V and each cells was calibrated in such a way that it can carry 10ml of the electrolyte in other to achieve the 

12.8V, side edges were filled to a smooth edge so that it can be glued properly to the base of the overall battery 

casing which is of the dimension of 6.5cm by 23cm by 6.5.   

 

 The arrangement was left for five minute to ensure that the container is dried up then the syringe mechanism was 

used to suck the electrolyte to fill it cells of the battery and electrodes were introduced into the container at both 

ends of the battery. 
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III. Results and Discussion 

Multimetre was used to measure the voltage across the battery made of the different fruits Juice electrolyte 

and this was repeated for each of the fruits mentioned above and measurement and reading were taking to plot 

graph of current against time as shown in Figure 11. 
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In Figure 11, the current obtained from water melon juice electrolyte against time. It is observed, that the initial drop 

in current values, then after maintains constant current values against corresponding time. However, similar Figure 

12, the voltage obtained from water melon juice electrolyte against time generated linear distribution process with 

time and with open circuit voltage (V0 = 11.55) at T0 = 0. 

 
 

It is observed that voltage values obtained from grape juice electrolyte decreases sharply, thereafter it maintain a 

constant time, it decreases again, this is probably due to oxidation process on the electrolyte process with time. In 

Figure 14, the current obtained, also followed the voltage distribution pattern, V0 = 12.75 (Open Circuit Voltage) T0 = 

0. 

 



American Journal of Sciences and Engineering Research iarjournals.com 

 

87 www.iarjournals.com 

 

 
 

It is observed that voltage values increases with time, from lime juice electrolyte, probably due to oxidation process 

on the electrolyte leading to increase in voltages in Figure 15. While, a slight decreases is witnessed from the current 

with the corresponding time, in figure 16 V0 = 12.4V (Open Circuit Voltage) T0 = 0. 

 

 
 

It is observed that voltage values obtained from orange juice electrolyte decreases sharply, thereafter it maintain a 

constant time, this is probably due to oxidation process on the electrolyte, in Figure 17. While the current in Figure 

18, slightly decreases with time from orange juice electrolyte.V0 = 11.30V (Open Circuit Voltage) T0 = 0. 
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It is observed that current values obtained from coconut juice electrolyte decreases with time, this is probably due to 

oxidation process on the electrolyte, V0 = 11.90V   (Open Circuit Voltage) T0 = 0. 
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It is observed that voltage from Lemon Juice electrolyte decreases with time, this is probably due to oxidation process 

on the electrolyte, while current is partially possess linear distribution  pattern, V0 = 12.50V (Open Circuit Voltage) T0 

= 0. 
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It was observed that voltage obtained from the entire fruit juice electrolyte, possess similar characteristic shown in 

Figure 23. While, the current obtained from fruit juice electrolyte observed to be random in nature in line with 

various fruit juices electrolyte. 

 
 

 
 

The electrode where immersed in 10ml of lime juice and a Digital multimeter was used to measure the voltage 

between the electrode. The result is shown in Table 5. 

 
 

The study, was able to established that voltage is generated from Nigeria fruits juices with relative PH level were 

determined with suitable electrical electrodes. However, a LED Bulb was energize from the voltage generated, the 

acidity (mg/L) and PH level values were determined from Nigeria fruit juice electrolyte.  

  

The performance of the battery system was conformed to the design. It produced a bright light (high level of 

illumination) and it was used to power a pocket radio, it worked for a short pe three minutes. Subsequently, an air 

tight material should be use to construct the cell blocks of the battery to avoid bacterial oxidation to attain a stable 

voltage. However, the fruit juice could be improved by increasing the concentration of fruit juice electrolyte and it 
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should be air tight to avoid oxidation process. 

 

IV. CONCLUSIONS 

This study presents deployment of fruit Juices as battery electrolyte, using available Nigerian fruit juices such 

were Lemon, Lime, Orange, Grape, Watermelon, and Coconut. In addition, various materials were deployed such Zinc 

strip, Copper strip, Cotton wool, Syringe, Epoxy gum, Filter paper and PH meter etc. the PH level, Vol.ume of Sample 

(ml), Titre values of cm^3 and the acidity for various fruit juice electrolyte are determined  in line with the deployed 

Copper and Zinc electrode. Voltage and current was determined from developed battery fruit juices electrolyte, it was 

observed that the battery system produces slight voltage and also, the current that was obtained used to power LED 

light. However, lime juice electrolyte produced higher voltage compared other fruit juices electrolyte. 
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