
 

 https://biointerfaceresearch.com/  7787 

Article 

Volume 12, Issue 6, 2022, 7787 - 7795 

https://doi.org/10.33263/BRIAC126.77877795 

Turbid Water Treatment Using Deshelled Carica papaya 

Seed: Analysis Via Factorial Design  

Amir Hariz Amran 1, Muhammad Burhanuddin Bahrodin 1,* , Nur Syamimi Zaidi 1,2 ,  

Khalida Muda 1 , Azmi Aris 1,2 , Noor Azrimi Umor 4, Mohd Faiz Mohd Amim 5,  

Achmad Syafiuddin 6  

1 School of Civil Engineering, Faculty of Engineering, Universiti Teknologi Malaysia (UTM), 81310 Johor Bahru, Johor, 

Malaysia 
2 Centre for Environmental Sustainability and Water Security (IPASA), Universiti Teknologi Malaysia, 81310 UTM 

JohorBahru, Johor, Malaysia 
3 Centre for Environmental Sustainability and Water Security (IPASA), Universiti Teknologi Malaysia, 81310 UTM 

JohorBahru, Johor, Malaysia 
4  Faculty of Applied Sciences, Universiti Teknologi MARA, 72000 Kuala Pilah, Negeri Sembilan, Malaysia 
5  Faculty of Earth Science, Universiti Malaysia Kelantan, 17600 Jeli, Kelantan, Malaysia 
6 Department of Public Health, Universitas Nahdlatul Ulama Surabaya, 60237 Surabaya, Indonesia 

* Correspondence: burhanuddin1991@graduate.utm.my (M.B.B.); 

Scopus Author ID 57223911834 

Received: 25.09.2021; Revised: 1.11.2021; Accepted: 4.11.2021; Published: 1.12.2021 

Abstract: Natural coagulants are proven to be a good alternative to conventional coagulants with the 

removal of various pollutants and are environmentally friendly. Despite its advantages, the least studies 

were carried out on local agro-wastes such as papaya seeds as natural coagulants concerning different 

operational factors. The study analyzes the main and interactions effect between the coagulant dosage, 

initial turbidity, and pH on deshelled Carica papaya seeds for turbid water treatment. A 2-level factorial 

design was used to investigate the main and interaction effects of the main operational factors, viz. 

coagulant dosage (50-200 mg/L), pH (3-7), and initial turbidity (100-500 NTU) on the turbidity removal 

of the synthetic turbid water. Based on individual performance, the results suggested that initial turbidity 

and pH are the most significant factors among the investigated operational factors. In combination, all 

interactions are significant, but the interaction between initial turbidity and pH is most significant, with 

97.2% turbidity removal. Upon application of Carica papaya seed as a natural coagulant in water and 

wastewater treatment, these operating variables and their interactions are best to be considered.  

Keywords: 2-level factoria design; deshelled Carica papaya seeds; natural coagulant; turbidity 

removal. 
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1. Introduction 

, The application of simple and effective treatment methods in water and wastewater 

treatment is on the rise. Among many methods, one of the simple and effective treatment 

methods is the conventional coagulation process by using chemical coagulants such as alum 

and ferric chloride (FeCl3) [1]. However, concern from using chemical coagulant arises as 

many researchers identify its use generates voluminous sludge with high potential of toxicity 

content and the chemical effect on its treated water [2–5]. Therefore, identifying other 

alternatives to replace conventional chemical coagulants is crucial. Many researchers have 

studied natural coagulants that are more environmentally friendly for water and wastewater 
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treatment from various sources such as plants, animals, and algae [6]. Like chemical 

coagulants, natural coagulants are able to remove various pollutants such as turbidity [7], total 

suspended solids, color [8], and chemical oxygen demand (COD) [9] with a removal percentage 

of about 70% to 90%. In addition, natural coagulants have better antibacterial properties 

compared to chemical coagulants [10]. Besides that, the natural coagulant is highly 

biodegradable, non-toxic, non-corrosive, and generates lesser sludge [11]. Natural coagulants 

as an alternative to chemical coagulants for water and wastewater treatment gain attention from 

many researchers with various sources such as Moringa oleifera, Opuntia ficus indica, and 

Jatropha curcas [12]. On top of these favorable natural coagulants, least studies on other local 

agro-waste such as papaya seeds were carried out. According to Pathak et al. [13], papaya seed 

is one of the major by-products in papaya processing, representing approximately 8.5% of the 

fruit weight. Since the features of the papaya seeds are the same as the Moringa oleifera and 

Jatropha curcas seeds, it is expected to have a promising outcome as a natural coagulant as 

good as a commonly studied natural coagulant.  

Like the conventional coagulation process, the needs to investigate the relevant 

operational factors are very important to increase the effectiveness of the treatment. There are 

many operating variables that could affect the coagulation process, such as coagulant dosage, 

pH, and initial turbidity [14]. Many studies have investigated the effect of these operating 

variables on water and wastewater treatment. Various methods have been explored in 

investigating the operational factors. Among others is the One Factor at a Time (OFAT) 

methodology. OFAT is a favorable approach in identification whether a factor has any effect 

or not [15]. However, the limitation of the OFAT is that it is unable to consider any possible 

interactions between the operating variables thus, inhibiting the chance to optimize the 

operational conditions for the best maximum treatment removal [16]. The use of experimental 

design such as 2-level factorial design allows trend evaluation on different operating variables 

on the natural coagulant. Besides trend evaluation, experimental design can also investigate 

not only the main effect but also the interaction effects of more than one (1) operating variables, 

unlike OFAT; thus, identification on reactions between operating variables that could affect 

turbidity removal can be identified.  

Undeniably, the application of papaya seed either as coagulant aid or main coagulant 

was investigated by other researchers lately. However, some studies did not focus on various 

operating variables and their interactions. For example, Unnisa & Bi [17] use papaya seeds as 

a coagulant aid to alum coupled with solar disinfection mainly for E-coli and coliform removal 

concerning coagulant dosage. Carica papaya seed was also used as a natural coagulant for 

other various pollutants such as turbidity, total dissolved solids, and total hardness with 

consideration to its coagulant dosage [18]. Studies by Kristianto et al. [19] and Yimer & Dame 

[20] study the effect of using papaya seeds as natural coagulant concerning various operating 

variables such as coagulant dosage, pH, and mixing time, but optimization was carried out 

without considering the significance and interactions between operating variables. Therefore, 

the present study aims to analyze the main and interactions effect between the coagulant 

dosage, initial turbidity, and pH on deshelled Carica papaya seeds for turbid water treatment. 
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2. Materials and Methods 

2.1. Preparation of natural coagulant. 

This study used Carica papaya seeds as the natural coagulant. Carica papaya seeds 

were collected from the local market in Taman Universiti, Skudai, Johor. Upon collection, all 

seeds were washed by using tap water to remove any dirt on the seeds. Then, the surface 

membrane layer was removed by using cloth. The outer layer of Carica papaya seeds was 

deshelled. The deshelled Carica papaya seeds were oven-dried for 24 hours at 50°C. By using 

mortar and pestle, the dried seeds were crushed to a fine powder and stored in a desiccator. In 

order to produce 1g/L of deshelled Carica papaya seeds-derived natural coagulant, 500 mg of 

Carica papaya seeds were mixed with 500 mL distilled water [21]. Powder from Carica 

papaya seeds needs to be prepared again every month, while the natural coagulant stock 

solution needs to be prepared every day before being used.  

2.2. Preparation of synthetic turbid water. 

Synthetic turbid water in this study was prepared by using kaolin. In a beaker, mix 10g 

of kaolin with 1L distilled water and leave for 24 hours for homogenization. After 24 hours, 

the sediments were removed from the solution, and the water left will be used as synthetic 

turbid water [22].  

2.3. Experimental design: factorial design. 

Using a 2-level factorial design, the effects of natural coagulant dosage, pH, and initial 

turbidity on turbidity removal were investigated. Table 1 shows the variables and range values 

used in the experiments. Three (3) variables required a complete matrix of 23, resulting in eight 

(8) experimental runs, and each run was conducted in duplicate; thus, sixteen (16) experiments 

were carried out. MINITAB software was used for the experimental design and analysis.  

Table 1. Variables and range values in the experiment. 

Variables Factorial Center point 

Low High 

Coagulant dosage (mg/L) 50 200 125 

pH 3 7 5 

Initial turbidity (NTU) 100 500 300 

2.4. Jar test. 

In 600 mL beaker, pour 500 mL synthetic turbid water with various pH and initial 

turbidity—placed beakers filled with 500 mL synthetic turbid water into the jar test apparatus. 

Various coagulant dosages were added to each beaker. The solution was mixed for 3 minutes 

at 250 rpm rapid mixing and followed by 15 minutes at 30 rpm slow mixing. After slow mixing, 

the solution was left for 30 minutes for the sedimentation process. For analysis of turbidity 

removal, water samples were collected from the surface to ensure no settled pollutants were 

disturbed, which could cause floc breakage. The turbidity of artificial turbid water was 

measured by using a turbidity meter (Milwaukee turbidimeter). Measurement of turbidity 

requires 10 mL of the water sample. The water sample was placed in a glass cuvette before 

being measured. Turbidity removal can be calculated using Eq. (1). 

Turbidity removal (%) = ((Initial turbidity – Final turbidity) / Initial turbidity) x 100 (1) 
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3. Results and Discussion 

Effects of the natural coagulant dosage, pH, and initial turbidity on turbidity removal 

were investigated using a 2-level factorial design. The experimental results of the factorial 

design analysis are given in Table 2. The results were then statistically analyzed to determine 

the significance of each factor with regard to the main effects and interaction effects. The 

significance of each factor is based on the p-value. The responses obtained for this factorial 

design were statistically evaluated with above 95% confidence level. Operating variables for 

main and interaction effects with a p-value less than 0.05 are classified as significant. Table 3 

shows the summary of the ANOVA on main, two- and three-ways interaction effects and their 

significance level. 

Table 2. Experimental results for 2-level factorial design analysis. 

A: Coagulant Dosage (mg/L) B: pH C: Initial Turbidity (NTU) Turbidity Removal (%) 

50 3 500 97.2 

200 7 100 2.9 

50 3 100 3.7 

50 3 100 0.0 

200 7 500 10.6 

50 3 500 97.2 

200 3 100 2.1 

200 7 500 15.1 

50 7 100 2.7 

200 7 100 2.0 

50 7 100 6.1 

200 3 500 75.5 

50 7 500 4.8 

200 3 100 11.8 

200 3 500 72.7 

50 7 500 1.2 

Table 3. p-values of the estimated main and interaction effects of natural coagulant dosage, pH, and initial 

turbidity on turbidity removal. 
Effects p-value Significance 

Main 

A 0.150 No 

B 0.000 Yes 

C 0.000 Yes 

2-way interaction 

A x B 0.004 Yes 

A x C 0.032 Yes 

B x C 0.000 Yes 

3-way interaction 

A x B x C 0.000 Yes 

A: Natural coagulant dosage; B: pH; C: Initial turbidity. 

Based on Table 3, pH (B) and initial turbidity (C) shows p-value less than 0.05 indicates 

significance while coagulant dosage (A) is insignificant as the main effect. Meanwhile, the 

interaction between coagulant dosage and pH (A x B), coagulant dosage and initial turbidity 

(A x C), and pH and initial turbidity (B x C) are significant as two-way interaction effects with 

p-value 0.004, 0.032, and 0.000 respectively. A three-way interaction between coagulant 

dosage, pH, and initial turbidity (A x B x C) is significant for turbidity removal.  

3.1. Factorial analysis: main effects. 

For the turbidity removal, the indicated p-value as in Table 3 shows that pH and initial 

turbidity is significant as the main effect while coagulant dosage is insignificant as the main 

effect. The effect of coagulant dosage, pH, and initial turbidity on turbidity removal is shown 
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in Figure 1. Operating variables pH and initial turbidity are significant as main effects on 

turbidity removal, which can be seen through steep changes in turbidity removal and confirmed 

by a p-value less than 0.05. Finding from the factorial analysis of this study is not similar to 

finding from other studies such as Hamidi et al. [23] and Jamshidi et al. [24]. Based on previous 

studies, coagulant dosage is a significant operating variable similar to pH and initial turbidity.     

Based on Figure 1, as the pH increased from pH 3 to pH 7, the recorded turbidity 

removal decreased. The isoelectric point (pI) of papaya seed is at pH 6 [25]. At turbid water 

with a pH of less than 6, the positively charged amino acids such as threonine, proline, and 

leucine can cause the papaya seeds to be positively charged natural coagulants [26]. Therefore, 

a positively charged natural coagulant is preferable in the removal of negatively charged 

colloids. A previous study by Chua et al. [27] that uses red lentils and Ayat et al. [28] that uses 

cactus powder as a natural coagulant also show similar findings regarding natural coagulant 

shows better contaminant removal at lower pH region. It is also worth noting that natural 

coagulants in water and wastewater treatment can be enhanced at extreme acidic and alkali pH 

[29]. Therefore, it is worth exploring the ability of Carica papaya seeds as a natural coagulant 

in extreme alkali pH.    

Besides pH, initial turbidity is also significant as the main effect. As the initial turbidity 

increased from 100 NTU to 500 NTU, the turbidity removal also increased. Abidin et al. [30] 

also show similar findings by using Jatropha curcas on turbidity removal. Recorded turbidity 

removal also increases with increasing initial turbidity from 50 NTU to 500 NTU.  Finding 

from both studies suggest that natural coagulants can remove more turbidity in higher initial 

turbidity conditions. Water with higher turbidity causes more collision between coagulant and 

colloidal particles, thus creating more chances for the coagulant and particles to react with each 

other to form larger floc for gravity settlement [31,32].  
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Figure 1. The main effect for turbidity removal. 

3.2. Factorial analysis: interaction effects. 

The interaction plot for the natural coagulant dosage, pH, and initial turbidity on 

turbidity removal is shown in Figure 2. As summarized in Table 3, all 2-way interaction effects 

are significant with a p-value less than 0.05. Based on Figure 2, the turbidity removal decreased 

as pH increased from pH 3 to pH 7 with a coagulant dosage 50 mg/L. Based on a previous 

study, it was recorded that the isoelectric point (pI) of Carica papaya seed is at pH 6 [25]. A 
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condition where pH < pI (pH 3 < pH 6), natural coagulant will be positively charged while pH 

> pI (pH 7 > pH 6), natural coagulant will be negatively charged [26,33]. Negatively charged 

natural coagulants unable to form flocs as they have a similar charge with colloids. Therefore, 

coagulants and colloids will repel each other. With more natural coagulants from 50 mg/L to 

200 mg/L would not change anything as coagulant and colloids are still unable to react, and 

added coagulant will only further pollute the turbid water. Kristanda et al. [34] also show 

similar findings where adding more coagulant dosage at unsuitable pH will only worsen 

turbidity removal as further coagulant addition can only cause previously destabilized colloids 

to re-stabilize.    
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Figure 2. Interaction plot for dosage, pH, and initial turbidity on turbidity removal. 

Based on Figure 2, the interaction between coagulant dosage and initial turbidity shows 

that at low coagulant dosage 50 mg/L and high coagulant dosage 200 mg/L, increasing initial 

turbidity from 100 NTU to 500 NTU will increase the turbidity removal. Water with higher 

initial turbidity is preferable as more collision can occur between colloids and coagulants, 

which encourages floc formation. Coagulant dosage as the main effect is insignificant but is 

significant as an interaction effect with initial turbidity. Hussain et al. [35] also show the 

significance of the interaction between coagulant dosage and initial turbidity. Previous and 

current findings validate the assumption of Okuda et al. [36] that coagulant efficiency greatly 

relies on coagulant dosage and initial turbidity as significant operating variables as interaction 

effects. However, compared to turbidity removal performance at coagulant dosage 50 mg/L 

and 200 mg/L, lower coagulant dosage shows slightly better removal than high coagulant 

dosage. This shows that the high coagulant dosage supplied is excessive compared to the 

available turbidity. This condition is known as overdosage, where the coagulant dosage is too 

much compared to the pollutant that could cause the re-stabilization of colloids. Once all 

pollutants are removed, excess unattached coagulants contribute to turbidity instead of 

removing it [14, 37-38].  

Besides interaction between coagulant dosage and pH and coagulant dosage and initial 

turbidity, the interaction between initial turbidity and pH is significant with a p-value less than 
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0.05. At pH 3, as the initial turbidity increased from 100 NTU to 500 NTU, the turbidity 

removal also increased to more than 80% removal. Previous studies using Lemna perpusilla 

[39] and Salvia hispanica [40] as natural coagulants also show similar findings that low pH and 

high initial turbidity can remove pollutant exceeding 80%. As mentioned before, at pH 3, 

papaya seed is positively charged. With higher initial turbidity, a collision between positively 

charged coagulants and negatively charged colloids is greater, which encourages the formation 

of more flocs for greater turbidity removal. However, at pH 7, papaya seeds in negatively 

charged, and no flocs formation for turbidity removal as coagulants and colloids repel each 

other. So, further increasing initial turbidity would not cause any improvement to turbidity 

removal besides only worsening the water quality. Any turbidity removal recorded is probably 

due to the collision between colloids, but it is very low. 

4. Conclusions 

In this study, deshelled Carica papaya seeds were used as a natural coagulant for turbid 

water treatment, and the interactions between operating variables were investigated. There 

were three (3) operating variables that have been investigated for their effect on turbidity 

removal. The studied operating variables are coagulant dosage, pH, and initial turbidity. For 

the application of deshelled Carica papaya seeds as a natural coagulant for turbid water 

treatment, the operating variables were modeled using a 2-level factorial design to evaluate the 

main and interaction effect. Based on individual performance, the results suggested that among 

the investigated operational factors, pH and initial turbidity are significant while coagulant 

dosage is insignificant. In combination, all 2-way interaction is significant. However, the 

interaction between pH and initial turbidity shows the highest turbidity removal, about 97.2%. 

Upon applying Carica papaya seeds as a natural coagulant, these operating variables and their 

interactions are best considered. This experimental design also proves that the deshelled Carica 

papaya seeds perform as best as other known natural coagulants and conventional chemical 

coagulants. Future research on other operating variables such as mixing time and mixing speed 

might extend the identification of the importance of other operating variables. Once most 

operating variables are analyzed on their significance, the optimization process, for example, 

using Response Surface Methodology (RSM), can be carried out to further enhance the 

treatment performance in treating other pollutants such as COD, BOD, and heavy metal 

removals.  
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