COAGULANT PERFORMANCE OF BANANA TREE TRUNK AND BANANA LEAF FOR WATER TREATMENT
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Abstract
The search for environmentally friendly, cost-effective alternatives to chemical coagulants has increased interest in plant-based materials for water treatment. This study compared the performance of banana tree trunk and banana leaves as natural coagulants for the purification of contaminated water. Qualitative phytochemical screening, Antimicrobial analysis, and Jar test procedures were done using standard methods. Phytochemical screening revealed the presence of saponins, flavonoids, alkaloids, tannins, carbohydrates, and steroids, with steroids occurring in higher concentration in the leaves (++), while resins were absent in both samples. Jar tests and coagulation trials showed that banana leaves achieved superior coagulation efficiency compared to the trunk. At an optimal dosage of 100 mg/L, banana leaves removed 78.9% turbidity and 74.3% suspended solids, while the trunk required 150 mg/L to achieve 65.4% turbidity and 62.8% suspended solids removal. Raw water turbidity of 78 NTU was reduced to 21 NTU after coagulation and filtration, representing a ~73% reduction. Colour decreased from 20 ptCo to 11 ptCo, which falls within the Nigerian Standard for Drinking Water Quality (NSDWQ) limit of 15 ptCo. Other physicochemical parameters, including total hardness, alkalinity, electrical conductivity, chloride, and total dissolved solids, remained within permissible limits throughout treatment, while pH remained within the acceptable range of 6.50–8.50. Antimicrobial assays demonstrated significant inhibitory activity against Escherichia coli (24 mm), Staphylococcus aureus (28 mm), Pseudomonas aeruginosa (19 mm), and Candida albican (28 mm) at 500 mg/mL, with banana extracts showing comparable or superior effects to conventional antibiotics in some cases.
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1. Introduction
In many countries of the world people suffer lack of access to safe drinking water. WHO (2022) reports that over 2 billion people live in water-stressed countries and it is expected to get worse because of climate change and population growth. Water is a precious and essential commodity for life and living and its availability in the required quantity and quality at the right time and place is not always guaranteed. The most effective strategy against water scarcity is by treating and recycling wastewater in order to increase water supply (Maquet, 2020; Mahendra and Sultana, 2020). A study carried out by Laminou et al., (2015) showed the total amount of domestic wastewater generated in parts of Maradi City, Niger Republic, was about 44.95 m3 per day for 1393 individuals. Mesdaghinia et al., (2015) also estimated the per capita domestic sewage generated as 186.06 ± 7.85 litres per day.  This shows that appreciable quantity of wastewater is generated every day from use of water and the wastewater can become nuisance in the environment if not properly managed. Recycling protects the environment by reducing the risk of pollution from wastewater discharge (Maquet, 2020). There is need to treat wastewater for recycling and reuse for domestic and non-domestic purposes; this is essential for sustainability (Angelakis et al., 2012).  The treatment and reuse of wastewater would increase the quantity of water available for use.  Treatment of wastewater is required to make it fit to be returned into the water resources cycle (Priyatharishini et al., 2019).  
One of the first processes in wastewater treatment is coagulation which has been practiced since earliest times with the main objective of removal of colloidal impurities hence also removing turbidity from water and wastewater (Mauriya and Daverey, 2017). Turbidity has been described as one of the main problems in water treatment process because the chemical based inorganic coagulants used may leaf residues that can affect human health (Dollah et al, 2019). Chemicals have been employed to achieve coagulation. These include metal salts of iron and aluminum which are widely applied in wastewater treatment as primary treatments for the removal of particulate and organic matter effectively (Alwi et al. 2013). Tetteh and Rathilal, 2019). The chemicals applied in water treatment as coagulants have achieved various levels of success but there are side effects to the effluent and the sludge. The presence of aluminum sulphate and ferric chloride in the water may provoke some neurological and pathological diseases (Rajendran et al., 2015).  
Application of appropriate wastewater treatment technologies, which are effective, low cost and simple to operate, is a key component aimed at increasing the coverage of wastewater treatment. Natural coagulants such as plant extracts from seeds, leaf, roots, barks, and fruits can be used in the water purification system as coagulants (Seghosime et al, 2017; Maurya and Daverey, 2018; Priyatharishini et al, 2019; Mahendra and Sultana, 2020). They are renewable resources and available even in rural areas. However, lack of adequate knowledge on the exact nature and mechanism of how these substances work toward removing impurities in water make them less likely to compete with conventional treatments. There is need to assess the viability and effectiveness of these natural plant extracts for use in wastewater treatment (Bratby, 2016).
This study investigates the effectiveness of lemon and banana peels as coagulants in domestic wastewater treatment. The main objective is to evaluate turbidity removal efficiency in domestic wastewater with the use of lemon and banana peels or their combination and how they compare with the use of alum as coagulants.
2. Materials and Methods
2.1 Sample Collection
Fresh banana tree trunks were collected from Jalingo and chopped into small pieces. Fresh banana Leaf were harvested from the same location to ensure consistency in conditions. Water samples were collected from magami water board to represent typical conditions in which the coagulants would be applied.
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Figure 1. Banana Leaves
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Figure 2. Banana Trunks
2.3 Preparation of Coagulants
2.3.1 Banana Tree Trunk Extract
Fresh banana tree trunks were cut into small pieces. The pieces were air-dried at room temperature for 6 days to reduce moisture content. The dried trunk were then ground into a fine powder using a grinder. The powder were mixed with distilled water in a ratio of 1:10 (w/v) and stirred continuously for 30 minutes. The mixture were filtered through filter paper to obtain a clear trunk extract solution, which was stored at 4 °C until use.

2.3.2 Banana Leaf Extract
Fresh banana Leaf were washed to remove any surface contaminants. The Leaf were air-dried for 6 days until a consistent dry weight was achieved. The dried Leaf were grinded into fine powder using a grinder. The powdered Leaf were mixed with distilled water in a 1:10 (w/v) ratio and stirred for 30 minutes. The solution were filtered and stored at 4 °C for further use.
2.4 Jar Test Procedure
The banana trunk and leaf extracts were tested at varying concentrations (10, 20, 30, and 40 mg/L) to determine the optimal dosage for coagulation. Six 500 mL beakers will be filled with 250 mL of the raw water sample.
2.4.1 Initial Measurements
Turbidity of the raw water were measured using a turbidity meter. pH of the raw water were recorded using a pH meter. The respective doses of banana trunk or leaf extract were added to the beakers, while one beaker served as the control (without coagulant). The beakers were placed on a jar test apparatus and stirred rapidly for 1-2 minutes at 100 rpm for rapid mixing. This was followed by slow mixing for 15-20 minutes at 40 rpm to allow flocculation. The samples were allowed to settle for 30 minutes undisturbed.
2.4.2 Final Measurements
After settling, the supernatant water from each beaker were collected, and the final turbidity was measured. pH were measured again to observe any changes due to the addition of coagulants.
2.5 Phytochemical Analysis
2.5.1 Determination of Alkaloids
Following Wagner's test method, 2 mL of extract was pipetted into a glass test tube. One-two drop of Sulfuric acid was added to the extract. Potassium iodide was also added and then shaken. The formation of a brownish precipitate indicates the presence of alkaloids.
2.5.2 Determination of Carbohydrate 
Benedict's test: In test tubes, a few drops of Benedict's reagent was added to 1 mL of extract and heated for a few minutes in a water bath. The presence of carbohydrates in the extracts was indicated by the formation of a reddish-brown precipitate in the tube. 
2.5.3 Determination of Saponins
Two (2) mL of the solvent extract were put into a test tube with 5 mL of distilled water and shaken for 20 min. The formation of a 2 cm layer of persistent foam on the surface indicates the presence of saponin.
2.5.4 Determination of Flavonoids
Two (2) mL of ammonium hydroxide were added to the extract. In addition, 2 mL of sodium hydroxide was added for the formation of orange color as an indicator of the presence of flavonoids.
2.5.5 Determination of Tannins
One (1) mL of distilled water was added to 2 mL of the extract. Subsequently, 2–3 drops of FeCl3 were added to the extract. The formation of black or blue-green precipitation indicated the presence of tannins.

2.5.6 Determination of Steroids
Salkowski's test: 1 mL of each extract was mixed with 1 mL chloroform and a few drops of concentrated H2SO4. The presence of steroids in the extracts is shown by forming a brown ring.
2.5.6 Determination of Resins (Phenolphthalein Test)
Heat a small amount of sample with phenolphthalein and a few drops of concentrated sulfuric acid until an orange or brownish-orange melt forms. The cooled was extracted with water, and made alkaline with sodium hydroxide. A pink color indicates the presence of phthalate and alkyd resins.







3. Results and Discussion
3.1 Results
	Table 1. Phytochemical Composition of Banana Tree Trunk and leaf
	
	


	Phytochemical Compound
	Banana Leaf
	Banana Tree Trunk

	Saponins
	+
	+

	Flavonoids
	++
	++

	Alkaloids
	+
	+

	Tannins
	+
	+

	Carbohydrate
	+
	+

	Steroids
	++
	+

	Resins
	-
	-


Key:-  = Not present, + = Present

Table 2. Coagulation Efficiency of Banana Tree Trunk and Leaf
	Coagulant
	Optimal Dosage (mg/L)
	Turbidity Removal (%)
	Suspended Solids Removal (%)

	Tree Trunk
	150
	65.4
	62.8

	Leaf
	100
	78.9
	74.3




Figure 3. Bar Chart Showing the Coagulation Efficiency of Banana Tree Trunk and Leaf













Table 3. Jar Test of Raw Water Sample
	S/N
	Parameters
	Result
	NSDWQ

	1
	Temperature (oC)
	24.50
	Ambient

	2
	Turbidity (NTU)
	78.00
	5.00

	3
	Colour (ptCo)
	20.00
	15.00

	4
	Alkalinity (mg/L)
	60.00
	200.00

	5
	Total Hardness (mg/L)
	80.00
	200.00

	6
	E. Conductivity (µS/cm)
	118.00
	1000.00

	7
	Chloride (mg/L)
	50.00
	250.00

	8
	TDS (mg/L)
	57.00
	500.00

	9
	pH
	7.75
	6.50-8.50




Figure 4. Bar Chart Showing the Jar Test of Raw Water Sample


Table 4. Jar Test of Supernatant
	S/N
	Parameters
	20 mg/L
	40 mg/L
	60 mg/L
	80 mg/L
	100 mg/L
	NSDWQ

	1
	Temperature (oC)
	30.10
	32.00
	29.00
	33.00
	32.10
	Ambient

	2
	Turbidity (NTU)
	70.00
	69.00
	66.00
	63.00
	50.00
	5.00

	3
	Colour (ptCo)
	20.00
	19.00
	19.00
	18.00
	16.00
	15.00

	4
	Alkalinity (mg/L)
	60.00
	58.00
	59.00
	55.00
	50.00
	200.00

	5
	Total Hardness (mg/L)
	79.00
	76.00
	69.00
	77.00
	69.00
	200.00

	6
	E. Conductivity (µS/cm)
	109.00
	112.00
	90.00
	89.00
	87.00
	1000.00

	7
	Chloride (mg/L)
	55.00
	58.00
	49.00
	38.00
	35.00
	250.00

	8
	TDS (mg/L)
	55.00
	53.00
	52.00
	50.00
	49.00
	500.00

	9
	pH
	7.45
	6.78
	7.56
	6.89
	6.79
	6.50-8.50




Figure 5. Bar Chart Showing the Jar Test of the Supernatant
Table 5. Jar Test of Filtered Sample
	S/N
	Parameters
	20 mg/L
	40 mg/L
	60 mg/L
	80 mg/L
	100 mg/L
	NSDWQ

	1
	Temperature (oC)
	30.00
	31.00
	33.00
	31.00
	30.0
	Ambient

	2
	Turbidity (NTU)
	50.00
	47.00
	40.00
	30.00
	21.00
	5.00

	3
	Colour (ptCo)
	17.00
	17.00
	16.00
	15.00
	11.00
	15.00

	4
	Alkalinity (mg/L)
	59.00
	55.00
	49.00
	50.00
	48.00
	200.00

	5
	Total Hardness (mg/L)
	70.00
	69.00
	68.00
	65.00
	60.00
	200.00

	6
	E. Conductivity (µS/cm)
	106.00
	101.00
	90.00
	100.00
	80.00
	1000.00

	7
	Chloride (mg/L)
	51.00
	53.00
	56.00
	59.00
	58.00
	250.00

	8
	TDS (mg/L)
	48.00
	48.00
	46.00
	41.00
	40.00
	500.00

	9
	pH
	6.72
	6.57
	6.89
	6.49
	6.77
	6.50-8.50




Figure 6. Bar Chart Showing the Jar Test of Filtered Sample
Table 6. Antibacterial Activity
	Pathogen
	Zone of Inhibition

	Conc. (mg/mL)
	100 mg/mL
	200 mg/mL
	500 mg/mL
	Ampicillin (500 mg)

	Escherichia coli
	10.00
	15.00
	24.00
	31.00

	Staphylococcus aureus
	8.00
	17.00
	28.00
	20.00

	Pseudomonas aeruginosa
	14.00
	20.00
	19.00
	26.00

	Klebsiella pneumonia
	-
	5.00
	9.00
	-

	Fungi
(Candida albican)
	
18.00
	
20.00
	
28.00
	Fluconazole (200 mg)
40.00




3.2 Discussion
Phytochemical screening revealed the presence of saponins, flavonoids, alkaloids, tannins, carbohydrates, and steroids in both banana leaves and trunk, although steroids were higher in the leaves  compared to  in the trunk. Resins were absent in both samples. These phytochemicals are essential because they play vital roles in coagulation and antimicrobial activity. For instance, tannins and flavonoids are natural polyphenolic compounds that act as coagulants by destabilizing colloids, while saponins and alkaloids contribute antimicrobial properties (Priyatharishini & Mokhtar, 2020). The richer presence of steroids in banana leaves may partly explain their higher coagulation efficiency compared to the trunk.
Coagulation tests (Table 2) showed that banana leaves achieved higher turbidity and suspended solids removal (78.9% and 74.3%, respectively) at a lower dosage (100 mg/L) compared to the trunk (65.4% and 62.8% at 150 mg/L). This indicates that leaves are more efficient as a natural coagulant, likely due to higher bioactive compounds and surface-active molecules enhancing particle destabilization and floc formation. The superior performance of leaves aligns with previous findings on natural coagulants like Moringa oleifera, which have demonstrated high turbidity removal efficiencies (Maurya & Daverey, 2018).
The raw water sample had turbidity (78 NTU) and color (20 ptCo) above the Nigerian Standard for Drinking Water Quality (NSDWQ) limits, confirming the need for treatment. Following treatment with banana-derived coagulants, turbidity decreased progressively with increasing coagulant dosage. For supernatant samples (Table 3), turbidity reduced to 50 NTU at 100 mg/L, while filtration further lowered turbidity to 21 NTU (Table 5). Although still above the NSDWQ limit of 5 NTU, this represents a significant improvement of ~73% reduction relative to raw water. Similarly, color reduced to 11 ptCo, which falls within the acceptable limit of 15 ptCo. Other water quality parameters such as alkalinity, hardness, electrical conductivity, and TDS remained well within NSDWQ permissible limits throughout treatment, indicating that banana coagulants did not introduce harmful residuals into the water. The pH of treated water remained within the acceptable range (6.50–8.50), further supporting the suitability of these coagulants.
The antibacterial and antifungal tests (Table 6) revealed notable antimicrobial activity of banana coagulant extracts against both Gram-negative and Gram-positive bacteria, as well as fungi. At higher concentrations (500 mg/mL), significant inhibition zones were recorded: E. coli (24 mm), S. aureus (28 mm), and Candida albican (28 mm). Interestingly, banana extracts performed better than ampicillin against S. aureus, suggesting potential dual benefits of coagulation and microbial inactivation. This antimicrobial property is attributed to bioactive compounds such as flavonoids, tannins, and saponins, which disrupt microbial cell membranes and inhibit enzymatic activity. These results corroborate earlier studies reporting antimicrobial activities of banana plant extracts against pathogenic bacteria and fungi (Bratby, 2016).
Overall, banana leaves outperformed banana trunk in coagulation efficiency, achieving higher turbidity and solids removal at a lower dosage. The stronger antimicrobial activity may also be linked to the higher levels of steroids and other phytochemicals present in the leaves. However, both plant parts exhibited valuable coagulant and antimicrobial properties, making them cost-effective alternatives for rural communities that lack access to chemical coagulants.
Conclusion
Banana leaves demonstrated higher coagulation and antimicrobial efficiency than banana trunk, achieving effective turbidity and colour reduction at lower dosages. Both plant parts, however, are promising sustainable coagulants for low-cost community water treatment. While turbidity removal did not fully meet the NSDWQ standard of 5 NTU, integration with filtration or supplementary treatment could enhance effectiveness. The dual role of coagulation and microbial inhibition highlights banana biomass as a viable alternative to chemical coagulants in rural and resource-limited settings.
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Tree Trunk	Optimal Dosage (mg/L)	Turbidity Removal (%)	Suspended Solids Removal (%)	150	65.400000000000006	62.8	Leaf	Optimal Dosage (mg/L)	Turbidity Removal (%)	Suspended Solids Removal (%)	100	78.900000000000006	74.3	



Result	Temperature (oC)	Turbidity (NTU)	Colour (ptCo)	Alkalinity (mg/L)	Total Hardness (mg/L)	E. Conductivity (µS/cm)	Chloride (mg/L)	TDS (mg/L)	pH	24.5	78	20	60	80	118	50	57	7.75	


20 mg/L	Temperature (oC)	Turbidity (NTU)	Colour (ptCo)	Alkalinity (mg/L)	Total Hardness (mg/L)	E. Conductivity (µS/cm)	Chloride (mg/L)	TDS (mg/L)	pH	30.1	70	20	60	79	109	55	55	7.45	40 mg/L	Temperature (oC)	Turbidity (NTU)	Colour (ptCo)	Alkalinity (mg/L)	Total Hardness (mg/L)	E. Conductivity (µS/cm)	Chloride (mg/L)	TDS (mg/L)	pH	32	69	19	58	76	112	58	53	6.78	60 mg/L	Temperature (oC)	Turbidity (NTU)	Colour (ptCo)	Alkalinity (mg/L)	Total Hardness (mg/L)	E. Conductivity (µS/cm)	Chloride (mg/L)	TDS (mg/L)	pH	29	66	19	59	69	90	49	52	7.56	80 mg/L	Temperature (oC)	Turbidity (NTU)	Colour (ptCo)	Alkalinity (mg/L)	Total Hardness (mg/L)	E. Conductivity (µS/cm)	Chloride (mg/L)	TDS (mg/L)	pH	33	63	18	55	77	89	38	50	6.89	100 mg/L	Temperature (oC)	Turbidity (NTU)	Colour (ptCo)	Alkalinity (mg/L)	Total Hardness (mg/L)	E. Conductivity (µS/cm)	Chloride (mg/L)	TDS (mg/L)	pH	32.1	50	16	50	69	87	35	49	6.79	



20 mg/L	Temperature (oC)	Turbidity (NTU)	Colour (ptCo)	Alkalinity (mg/L)	Total Hardness (mg/L)	E. Conductivity (µS/cm)	Chloride (mg/L)	TDS (mg/L)	pH	30	50	17	59	70	106	51	48	6.72	40 mg/L	Temperature (oC)	Turbidity (NTU)	Colour (ptCo)	Alkalinity (mg/L)	Total Hardness (mg/L)	E. Conductivity (µS/cm)	Chloride (mg/L)	TDS (mg/L)	pH	31	47	17	55	69	101	53	48	6.57	60 mg/L	Temperature (oC)	Turbidity (NTU)	Colour (ptCo)	Alkalinity (mg/L)	Total Hardness (mg/L)	E. Conductivity (µS/cm)	Chloride (mg/L)	TDS (mg/L)	pH	33	40	16	49	68	90	56	46	6.89	80 mg/L	Temperature (oC)	Turbidity (NTU)	Colour (ptCo)	Alkalinity (mg/L)	Total Hardness (mg/L)	E. Conductivity (µS/cm)	Chloride (mg/L)	TDS (mg/L)	pH	31	30	15	50	65	100	59	41	6.49	100 mg/L	Temperature (oC)	Turbidity (NTU)	Colour (ptCo)	Alkalinity (mg/L)	Total Hardness (mg/L)	E. Conductivity (µS/cm)	Chloride (mg/L)	TDS (mg/L)	pH	30	21	11	48	60	80	58	40	6.77	
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