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Abstract – The increasing demand for sustainable water treatment has opened the potential of converting 

chemical-based coagulants to natural resources coagulants. Natural resources such as fruit peel, beans, and 

seeds offer eco-friendly alternatives compared to chemical coagulants. Other than that, plant-based 

coagulants reduce the production of harmful sludge and promote sustainable resources because of its 

availability on the market worldwide. This study investigates the effectiveness of Musa sp. (banana) peel 

and Artocarpus integer (cempedak) peel extract as natural coagulants for water treatment with different pH 

levels. Through controlled experiments, the performance measures based on their ability to reduce turbidity 

reduction. The banana-peel and cempedak-peel dried at temperatures 30℃ and 40℃ respectively. Then 

dried peels are ground and stored in an airtight container before extraction. Banana-peel and cempedak-

peel were extracted separately using calcium chloride (CaCl₂) and used in the jar test experiment to reduce 

turbidity reduction at different pH values. The synthetic wastewater pH varied using 0.5M NaOH and 0.5M 

HCl.  Each extract shows different results, whereas for banana-peel extract the turbidity reduction is higher 

at pH 9 but for cempedak-peel, the turbidity reduction will be higher at pH 5. The findings could encourage 

the use of natural resources coagulants in diverse wastewater treatment scenarios, reducing dependence on 

chemical-based coagulant treatment. 
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I. INTRODUCTION 

Contamination of water resources have increased the opportunity in water treatment agenda. The needs 

of clean and safe water become a major concern because the usage of water increased as the population 

growth. Several technologies have been implemented in water treatment procedure such as membrane 

separation [1]-[3], flocculation [4]-[5], solvent extraction [6]-[8], oxidation and reduction [9]-[13], ions 

exchange [14], electrolysis [15]-[17] and coagulation [18]-[20]. Among all, coagulation process in the low 

cost, simple and effective method for water treatment that have be applied [21]. At the early stage the usage 

of chemical coagulant has been implement to reduce the turbidity reduction in water treatment procedure. 

But the usage of chemical coagulant become a major issue as it promotes several problems such as chemical 

sludge [22], health issues [23] and higher cost [24]. To overcome the drawbacks, natural resources 

coagulant has been applied. Natural resources such as beans, seed and peel are most commonly used [25]. 
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These resources were chosen because of their availability and effectiveness in reducing turbidity for the 

water treatment process. 

 All natural resources contain several polymers such as carbohydrates, polysaccharide and pectin. 

The efficiency of every natural coagulant depends on the contain and the procedure in processing the 

coagulant. Other than that, pH of the wastewater also is one of the main factors that decide whether the 

natural resources can work at its maximum capabilities or not. pH level may affect the solubility of 

coagulant and the particle charge of natural organic matter (NOM). In coagulation process, this is important 

to ensure the fine particle bind together and remove impurities. Different type of natural coagulant may 

respond differently to changes in pH of the wastewater and have their own optimal range of pH. The optimal 

pH value is importance to be studied in order to find the natural coagulant effective condition. By finding 

this may help in contribute to identify which natural coagulant suitable to be applied in specific industry. 

In this work, two different peel which is banana and cempedak will be used in order to study their optimal 

pH value as natural coagulant. 

II. MATERIALS AND METHOD 

A. Preparation of synthetic water 

The synthetic turbid water was prepared using 10 g of kaolin powder added to 1 L of distilled water. Then 

the solution was stirred for 1 hour and allowed to settle for 24 hours at room temperature. For experimental 

purposes, the stock solution of synthetic water will be diluted to the desired turbidity using distilled water. 

. 

B. Preparation of banana and cempedak peel extract 

Peels were collected and washed thoroughly with water to remove any surface impurities, and then cut 

into small pieces. The peels were then dried in a Venticell laboratory oven with temperature of 33℃ (72 

hour) for Banana peel and 40℃ (120 hour) for Cempedak peel. After that, dried peels were ground and 

sieved to the particle size of 2mm for banana peel and 1mm for Cempedak peel. The dried peel powder was 

stored in an airtight container. For the extraction process, the desired amount of peel powder will be stirred 

in CaCl₂for about 15 minutes at 2500 rpm at room temperature. The peel extract solution will then be 

centrifuged for 10 minutes at 4400 rpm before used as coagulant. Fig. 1 provides an overview of the 

preparation of banana and cempedak peel extract and jar test experiment conducted in the experiment. 

 
Fig. 1 Preparation of banana peel extract for Jar test study 
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C. The jar test procedure 

A 500 ml beaker filled with synthetic wastewater was used in the jar test experiment. The desired amount 

of banana peel-based coagulant was added to each beaker containing synthetic turbid water with different 

pH values (3,5,7,9 and 11) for the jar test experiment. The pH of wastewater controlled by adding 0.5M 

HCl and 0.5M NaOH. Jar test was carried out using JLT 6 Velp Scientifica, which involved the step of 

rapid mixing at 100 rpm for 4 minutes, slow mixing at 40 rpm for 25 minutes and sedimentation for 1 hour. 

After the sedimentation process, the final turbidity reading will be taken and the steps repeated for 

cempedak peel-based coagulant. The percentage of turbidity removal calculated as: 

 
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑡𝑢𝑟𝑏𝑖𝑑𝑖𝑡𝑦 −𝑓𝑖𝑛𝑎𝑙 𝑡𝑢𝑟𝑏𝑖𝑑𝑖𝑡𝑦

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑡𝑢𝑟𝑏𝑖𝑑𝑖𝑡𝑦
× 100%   ………Equation 1 

 

III. RESULTS 

 

A. Performance evaluation of peel-based coagulant. 

 

The study will examine the ability of the both cempedak and banana peel-based coagulant to remove 

turbidity in the jar test experiment. The performance of the peel will be evaluated based on their efficiency 

in removing turbidity for different pH level of synthetic wastewater. 

 

B. Performance evaluation of peel-based coagulant on different pH wastewater. 

For the experiment, the pH of wastewater was altered to the required pH value before the jar test 

experiment procedure. The result for turbidity reduction using banana peel extract and cempedak peel 

extract illustrated in Fig 2.   

 

Fig. 2 Percentage of turbidity reduction at different pH level for banana-peel and cempedak-peel based coagulant  
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For cempedak-peel extract, its shows that the coagulation performance works the best at acidic solution. 

Cempedak peel-based coagulant work efficiently at pH 5 with turbidity reduction of 97.33%. But the 

turbidity reduction also will be slightly decreased at pH 3. The lowest turbidity reduction recorded is at pH 

11 with 90.63%. On the other hand, banana-peel extract shows that the coagulant works effectively at pH 

9 with turbidity 94.84%. At pH lower than that the turbidity reduction will be decrease, with a slight increase 

at pH 3 with 93.50% turbidity reduction. But for banana-peel extract at pH 11 the turbidity reduction will 

be much lower. From the experiment, at pH 11 both extracts will change the synthetic wastewater cloudier 

as soon as the extract is added to the jar test procedure. This indicates that at higher pH coagulation behavior 

for both extracts will be decreased.   

IV. DISCUSSION 

The effectiveness peel extract at lower pH levels can be attributed to the enhance solubility and 

availability of active compounds such as phenolics, flavonoids, and tannins. These compounds can interact 

with suspended particles in wastewater, leading to their aggregation and subsequent removal [26]-[27].  

At higher pH level, such as observed in pH 11, the increased cloudiness can be due to several factors 

such as hydrolysis of active compounds or change in solubility. The coagulant properties of banana peel 

extract might diminish due to the hydrolysis of active compounds at higher pH, leading to less effective 

coagulation and increase dispersion of particles. in addition to that, the solubility of certain compounds in 

the extract may changes at higher pH, leading to the formation of colloidal suspensions that increase 

turbidity. The finding aligns with other researchers who have studied jackfruit peel as their extract coagulant 

which shows that at higher pH the turbidity reduction will be lower with less formation of flocs [28]. 

V. CONCLUSION 

The result from the experiment shows that cempedak peel-based and banana peel-extract coagulant work 

efficiently at pH of 5 and 9, respectively. The differences shows that each fruit peels have their own optimal 

pH values. This study is important in order to find their specific areas for water treatment industries. Actual 

experiment should be made for further studies to specified the procedure and suitable application of the 

fruit peel extract based on industrial needs. 
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