Proximate and elementary analysis of plantain peel ash for use as fertilizer
Abstract
The researchers studied plantain peel ash to determine its viability as an organic fertilizer through their examination of its proximate and elemental analysis. The researchers gathered plantain peels from nearby markets which they dried and processed by burning at specific conditions until they produced ash which they studied through established testing methods. The proximate analysis showed ash content of 89.15% and moisture content of 3.62% and the material contained only minimal organic components which included protein and fat and fiber. The elemental analysis identified potassium as the primary nutrient at 35,420 mg/kg while calcium followed at 9,830 mg/kg and magnesium at 2,740 mg/kg and phosphorus at 1,960 mg/kg. The study found trace amounts of iron and zinc in the samples. The study results show that plantain peel ash provides essential nutrients needed for soil improvement which helps increase nutrient access and supports plant development. The ash material functions as an environmentally friendly inexpensive soil amendment because it contains high mineral content together with alkaline properties. The researchers need to conduct field tests to evaluate how well the product works in agriculture and what long-term effects it has on soil nutrient levels.
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Introduction
1. Background of the Study 
Farmers and consumers and policymakers at present prefer sustainable solutions which organic fertilizers provide according to research which shows that demand for organic fertilizers has grown throughout recent times. Market studies and reviews document strong growth in the organic fertilizer sector because consumers increasingly prefer organic produce and conventional fertilizers have environmental effects which consumers now recognize and organic products have better market access. Modern agricultural practice uses circular-economy methods which transform agricultural and food-processing waste materials into products with added value. Fruit wastes such as banana and plantain peels are generated in large quantities and, if left unmanaged, contribute to environmental problems; however, they also represent a low-cost feedstock rich in organic matter and minerals that can be valorized into soil amendments, biofertilizers or ash-based fertilizers. Multiple studies and reviews demonstrate that banana and plantain waste materials can be transformed into fertilizers and useful products which results in waste reduction while nutrients are returned to the soil. The process of burning plant biomass results in ash production which has an alkaline nature and contains significant quantities of plant-available minerals that include potassium and calcium and magnesium and phosphorus and various micronutrients which improve soil nutrient status and correct acidity and enhance soil physical properties when applied properly. The nutrient composition of biomass ash depends on the feedstock and combustion conditions which makes laboratory testing through proximate and elemental analysis necessary to determine proper agronomic application rates. Studies that investigate ash from fruit waste and related biomass show that potassium serves as the primary nutrient while sodium and phosphorus and magnesium and calcium follow as secondary nutrients [6, 7] 
The research demonstrates that ash functions as an effective potassium source which crops can use as potassium exists in an easily accessible form. Although plantain peel ash exists as a valuable material for research purposes scientists have not yet published standardized data to measure its basic composition. Research studies have examined the nutritional and mineral content of banana and plantain peels while a few studies have analyzed the ash produced from mixed biomass. The existing research uses limited methods to analyze plantain peel ash because local agronomic practices differ from each other in their burning techniques and use different types of peel. The existing knowledge gap prevents researchers from making accurate recommendations about the safe and effective application of plantain peel ash as an organic fertilizer which creates a requirement for laboratory research to establish standardized testing methods. 
The study aims to establish the proximate analysis results and mineral content of plantain peel ash while determining its effectiveness as an economical organic fertilizer for agricultural purposes. The research team aimed to achieve three specific goals which included analyzing the proximate composition of plantain peel ash through moisture and ash and crude protein and crude fat and crude fiber and carbohydrate by difference. The research team used standard analytical techniques to measure the macro and micro nutrient content of plantain peel ash which included potassium and calcium and magnesium and phosphorus and sodium and iron and zinc. The research team assessed plantain peel ash as a fertilizer through nutrient content analysis which included pH testing and comparison with established literature values.

2.0 Materials and Methods

2.1 Source of Plantain Peels
The research study obtained plantain peels from three different locations which included local markets and household kitchens and nearby farms that operated in Amassoma Town within Bayelsa State Nigeria. The selection of these sources ensured that the samples represented commonly discarded plantain residues generated from domestic consumption and small-scale processing activities. The study required researchers to use fresh non-decomposed peels of Musa paradisiaca because this method helped them achieve consistent study results. 
2.2 Drying Process 
The researchers started with plantain peels collection by washing them completely in clean water to eliminate all soil and dirt and other contaminants. The researchers drained excess water before they spread the peels on clean trays to begin the drying process. The drying process used two separate stages to complete its operations. The samples underwent sun-drying during their first stage which lasted from 5 to 7 days under normal environmental conditions. The laboratory drying oven treated semi-dried samples through oven-drying process which maintained 105°C temperature for 24-hour duration to achieve complete dryness that enabled combustion of samples. The researchers allowed the oven-dried peels to reach room temperature before they placed the material into airtight containers for storage until they needed it for ashing.
2.3 Burning Method to Obtain Ash
The dried plantain peels were converted into ash using the open-air combustion method, which simulates the traditional way of ash production for agricultural use. The dried samples were placed in a clean metallic container and ignited in an open space under controlled conditions to allow complete burning. All organic matter burned away during combustion, which produced a fine, greyish-white ash residue. The ash was processed through a 2 mm mesh sieve to achieve uniformity because it contained large charred particles and debris. The researchers conducted controlled-temperature ashing experiments by using a muffle furnace that operated at 550°C for 6 hours to examine the ash composition from both open-air combustion and controlled conditions. The method established how different temperature settings affected nutrient retention and nutrient loss. 
2.4 Storage of Samples
The prepared ash samples were transferred into clean, airtight polyethylene bags and properly labeled according to their source and burning method. The samples were stored in a desiccator to prevent moisture absorption and contamination before laboratory analysis. Subsamples were later taken for proximate and elemental composition analyses following standard procedures outlined by [8].
2.5 Proximate Analysis 
The researchers conducted proximate analysis of plantain peel ash to establish its fundamental nutritional components which included moisture content and ash content and crude protein and crude fat and crude fiber and carbohydrate content which was calculated through the subtraction method. The analyses were conducted according to standard methods which [8] specified. The researchers conducted three tests for each parameter to achieve accurate and dependable results. 
2.5.1 Determination of Moisture Content 
The researchers used the oven-drying method to measure moisture content. The researcher weighed 2 grams of the sample into a clean dry crucible which then entered a hot-air oven that maintained a temperature of 105°C for 24 hours. The researcher cooled the crucible in a desiccator and then reweighed it. The moisture content was calculated by dividing the weight loss by the initial sample weight and expressing the result as a percentage.

Where:
W1​ = weight of sample before drying,
W2​ = weight of sample after drying.
2.5.2 Determination of Ash Content
The ash content was measured by burning 2 grams of the dried sample in a muffle furnace at 550 degrees Celsius for 6 hours until the sample reached constant weight. The total ash content was measured by using the residue which remained after the sample burned completely to determine the inorganic mineral content of the sample.

Where:
W1​ = weight of empty crucible,
W2​ = weight of crucible + sample before ashing,
W3​ = weight of crucible + ash after ashing.
2.5.3 Determination of Crude Protein
The Kjeldahl method used three stages of digestion and distillation and titration to determine crude protein content. The sample required 1 gram to be digested with concentrated sulfuric acid (H₂SO₄) and a catalyst mixture until a clear solution appeared. The digestion process extracted ammonia from the sample, which was then collected in a boric acid solution and measured through titration with 0.1 N hydrochloric acid (HCl). The total nitrogen obtained was converted to crude protein by multiplying by a factor of 6.25.

2.5.4 Determination of Crude Fat
The Soxhlet extraction method with petroleum ether solvent at boiling point 40 to 60 degrees Celsius was used to measure crude fat content. The sample weight of approximately 2 grams was placed in a thimble for continuous extraction which lasted 6 hours. The solvent was removed through evaporation and the flask was dried before its weight was measured. The increase in flask weight corresponded to the fat content.


Where:
W0​ = weight of sample,
W1​ = weight of empty extraction flask,
W2​ = weight of flask + extracted fat.
2.5.5 Determination of Crude Fiber
The process for analyzing crude fiber involves conducting separate acid and alkali digestion tests. The defatted sample was treated with 1.25% sulfuric acid for 30 minutes which resulted in the need for boiling the two grams of sample. The sample underwent a process that included filtering and washing before it was treated with 1.25% sodium hydroxide for another 30 minutes. The process included filtering and washing the residue which was then dried before being ignited in a muffle furnace at 550°C. The weight loss after ignition was recorded as crude fiber

Where:
W1​ = weight of sample,
W2​ = weight after drying,
W3​ = weight after ashing.
2.5.6 Determination of Carbohydrate (by Difference)
Carbohydrate content is determined by the difference calculation as⹁.

The method establishes that carbohydrates function as the residual component which remains after all other proximate components have been measured. 
The proximate composition provides essential information about the nutritional quality and organic matter content of the plantain peel ash, which are critical parameters for assessing its potential as an organic fertilizer. The data obtained from this analysis formed the basis for further evaluation of the mineral composition and soil amendment potential of the ash.
2.6 Elemental Analysis 
The study of plantain peel ash elemental composition identified its macroelements and microelements which demonstrated its suitability for use as organic fertilizer material. The analysis focused on key essential elements for plant growth, including calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn), potassium (K), sodium (Na), and phosphorus (P). The team employed standard analytical procedures described by [8] to achieve accurate and reliable results. 
2.6.1 Sample Digestion 
A scientist used an exact amount of 1 gram from the plantain peel ash sample to prepare a 100-milliliter sample inside a conical flask. Ten milliliters (10 mL) of a mixture of concentrated nitric acid (HNO₃) and perchloric acid (HClO₄) in a ratio of 3:1 were added to the sample. The researchers heated the mixture on a hot plate inside a fume hood until the organic matter had completely oxidized and the resulting solution became clear. The digest was allowed to cool, and he filtered it through Whatman No. 42 filter paper into a 100 mL volumetric flask and brought the volume up to the mark using distilled water. The scientists used this filtrate to measure the elemental concentrations in the sample.
2.6.2 Determination of Calcium (Ca), Magnesium (Mg), Iron (Fe), and Zinc (Zn)
The determination of calcium magnesium iron and zinc content was performed through Atomic Absorption Spectrophotometer AAS analysis. The instrument was first calibrated using standard solutions of each element prepared from their respective stock solutions. The sample digest provided absorbance measurements at specific wavelengths which corresponded to each element: 
• Calcium (Ca) 422.7 nm 
• Magnesium (Mg) 285.2 nm 
• Iron (Fe) 248.3 nm 
• Zinc (Zn) 213.9 nm 
The sample analysis resulted in element concentration determination through calibration curve extrapolation which provided results in milligrams per kilogram (mg/kg) measurements. 
2.6.3 Determination of Potassium (K) and Sodium (Na)
The determination of potassium (K) and sodium (Na) content for this study required testing through the Flame Photometer method. The sodium and potassium standard solutions were created using analytical-grade potassium chloride (KCl) and sodium chloride (NaCl) salts. The instrument was calibrated with these standards before sample readings were taken. The instrument recorded emission intensities for each element which enabled concentration calculations through standard calibration curves. The critical macronutrients in this study maintain plant osmotic balance while supporting enzyme activation.
2.6.4 Determination of Phosphorus (P) 
Phosphorus concentration was determined using the colorimetric method (vanadomolybdate yellow method). Five milliliters (5 mL) of the digested sample solution were pipetted into a 50 mL volumetric flask, followed by the addition of 10 mL of ammonium vanadomolybdate reagent. The solution was diluted to the mark with distilled water, which was mixed vigorously and allowed to stand for 10 minutes to develop a yellow color. The absorbance was measured at 400 nm using a UV-Visible spectrophotometer (Model: e.g., Shimadzu UV-1800). The phosphorus concentration was then determined from a calibration curve prepared using standard phosphate solutions. 
2.6.5 Quality Control and Data Validation 
All glassware and containers used were prewashed with 10% nitric acid and rinsed thoroughly with distilled water to avoid contamination. Reagent blanks were analyzed alongside the samples to correct for any background interference. The researchers conducted each analysis three times and calculated the average to report results. The results were expressed as milligrams per kilogram (mg/kg) or parts per million (ppm), depending on the concentration range of each nutrient element.
The elemental analysis found two primary results which showed the plantain peel ash nutrient content and its main macronutrient components of potassium and calcium and magnesium as well as its minor elements of iron and zinc. The elements (which include potassium, calcium, magnesium, and trace elements like iron and zinc) function as essential elements for plant growth, which makes plantain peel ash a useful resource that helps boost soil fertility and supports sustainable agricultural practices. 
2.7 Data Analysis 
The researchers used descriptive statistical methods to analyze data from proximate and elemental testing which assessed plantain peel ash to create a summary of their research findings. The researchers tested multiple parameters which included moisture content and ash content and crude protein and crude fat and crude fiber and carbohydrate (by difference) and all major and trace mineral elements which included K and Ca and Mg and P and Na and Fe and Zn. The researchers conducted all tests three times to establish test results which showed both correct outcomes and testing consistency. The researchers computed mean values together with standard deviations to determine central tendencies and data set variability. The nutrient content of plantain peel ash became fully understood through descriptive statistics which showed all nutrient data and made it possible to compare this data with past research findings and existing literature values.
The mean xˉ and standard deviation (SD) were calculated using the following formulas:


Where:
xi​ = each individual observation,
xˉ = mean of observations,
n = number of observations.
The researchers discovered that the computed mean values showed the typical concentration results for each measured parameter, and standard deviation measured the duplicate test results. The analysis results exhibited ultimate precision because all analysis results displayed minimal standard deviation values. The study used Microsoft Excel (version 2021) and SPSS (version 25) software to handle all data processing tasks and perform statistical calculations. The researchers used tables and figures to present the summarized data which helped readers understand the information. The researchers evaluated the plantain peel ash fertilizer potential and nutrient adequacy through a comparative analysis which involved comparing their measurements against published literature values. 

3.0 Results and Discussion
3.1 Proximate Composition 
The proximate composition of the plantain peel ash is presented in Table 1. The parameters determined include moisture, ash, crude protein, crude fat, crude fiber, and carbohydrate contents. The organic matter content assessment establishes the potential of ash materials to improve soil fertility.
Table 1: Proximate Composition of Plantain Peel Ash
	Parameter
	Composition (%) ± SD

	Moisture Content
	3.62 ± 0.08

	Ash Content
	89.15 ± 0.24

	Crude Protein
	1.27 ± 0.06

	Crude Fat
	0.85 ± 0.03

	Crude Fiber
	1.76 ± 0.04

	Carbohydrate (by diff.)
	3.35 ± 0.10



The study results demonstrate that ash content reached 89.15% which represented the highest component of the sample because it contained substantial amounts of inorganic materials. The ash remains suitable for extended storage as a soil amendment because its low moisture content of 3.62% protects against microbial decomposition during storage. The study results show that all organic matter burned during combustion which resulted in the remaining material to contain essential mineral nutrients at 0.85% crude fat, 1.27% protein, and 1.76% fiber. The material shows high ash content and low organic content which makes it suitable for use as a mineral-based soil conditioner that does not provide organic carbon. The mineral-rich ash when used as a soil amendment brings about three benefits which include improved nutrient access and higher soil pH through alkaline oxides and enhanced cation exchange capacity in tropical acidic soils. The proximate profile information demonstrates that plantain peel ash can function as a nutrient source and soil amendment material for sustainable agricultural practices. 
3.2 Elemental Composition 
Table 2 displays the elemental composition of the plantain peel ash. The study identified potassium (K), calcium (Ca), magnesium (Mg), phosphorus (P), sodium (Na), iron (Fe), and zinc (Zn) as the macro and micronutrients present in the samples.
Table 2: Elemental Composition of Plantain Peel Ash
	Element
	Concentration (mg/kg) ± SD

	Potassium (K)
	35,420 ± 210

	Calcium (Ca)
	9,830 ± 145

	Magnesium (Mg)
	2,740 ± 120

	Phosphorus (P)
	1,960 ± 85

	Sodium (Na)
	1,520 ± 70

	Iron (Fe)
	640 ± 25

	Zinc (Zn)
	110 ± 6



The most prevalent element in this study was potassium (K) which was followed in abundance by calcium (Ca) and magnesium (Mg). The study results matched those of [10] which found high potassium levels in banana and plantain peel ash thus demonstrating their value as sources of K-based fertilizers. Potassium functions as an essential element for plant processes that involve enzyme activation as well as water regulation and carbohydrate production. The presence of high potassium levels enables plants to better withstand challenging conditions while improving both their yield and product quality [11] [12]. Calcium and magnesium function as vital macronutrients which help enhance soil structure stability while they increase the soil's ability to hold cations. Calcium enables roots to grow longer and creates cell walls whereas magnesium works as the primary element which makes up chlorophyll that plants use for photosynthesis. Although phosphorus exists in lower amounts than potassium and calcium it plays a vital role in energy transmission and root growth [13]. The existence of moderate levels of iron and zinc trace elements which help plants maintain their enzymatic and metabolic processes. Plants need these micronutrients which are required in minimal amounts to achieve proper development. The nutrient composition observed matches the standards established by [8] for plant biomass ash because plantain peel ash contains high mineral content which makes it valuable for agricultural purposes.
3.3 Fertilizer Potential 
The combined proximate and elemental results show that plantain peel ash serves as an effective fertilizer because of its strong mineral and alkaline properties. The high ash and potassium contents show that nutrients will be released rapidly after the material gets applied to soil, which will assist with short-term crop development. The material's alkaline components (CaO, K₂O, and MgO) function as soil acidity neutralizers, which make it ideal for acidic tropical soils that exist in southern Nigeria. 
The ash contains phosphorus and calcium and magnesium, which enable balanced nutrient replenishment that improves soil fertility and supports the development of roots and shoots [14]. The trace elements (Fe, Zn) contribute to improved enzyme functions and chlorophyll synthesis. 
Plantain peel recycling into ash benefits the environment because it decreases agricultural waste problems and reduces greenhouse gas emissions that result from open dumping and natural decomposition. The process also decreases the need for expensive synthetic fertilizers, which helps achieve the sustainable agricultural goals that follow circular economy principles [15, 16]. The process needs more research to find safe application methods and study how nutrients release and soil health evolves over time 

4.0 Conclusion and Recommendation
4.1 Conclusion
The researchers conducted their investigation to assess the nutritional content and elemental makeup of plantain peel ash to evaluate its potential as an organic fertilizer. The findings showed that the material contained 89.15% ash content which included vital plant nutrients but especially contained potassium and calcium and magnesium and phosphorus and sodium in significant amounts. The nutrients play an essential role in enhancing soil fertility which supports plant growth and agricultural productivity improvement across various crops. The ash exhibits low moisture and organic content which demonstrates its ability to remain stable during extended periods of storage and its capacity to be used in agricultural fields. The material contains high levels of potassium and calcium which makes it suitable for use as a soil conditioner that will effectively counteract soil acidity while enhancing cation exchange capacity and facilitating crop root and shoot growth. The essential micronutrient supply for healthy plant metabolism includes trace elements such as iron (Fe) and zinc (Zn). The research results indicate that plantain peel ash functions as an environmentally friendly and affordable alternative fertilizer which helps farmers decrease their reliance on high-priced chemical fertilizers while supporting sustainable farming methods. The practice of using this material in agriculture leads to the recycling of agricultural waste which helps reduce environmental pollution that occurs from improper waste disposal practices.
The laboratory tests show that the fertilizer has strong potential but scientists need to conduct field experiments to measure its effectiveness in agriculture and study its nutrient release patterns and its permanent impact on various soil types and crops. The research will develop practical guidelines that explain how to use plantain peel ash and help with the establishment of sustainable soil management systems. 
4.2 Recommendations 
The study results about plantain peel ash composition offer recommendations to different agricultural stakeholders according to study findings. 4
.2.1 For Farmers Farmers 
should use plantain peel ash as an agricultural soil amendment to boost their soil nutrient levels and achieve better crop production results. The product provides essential potassium calcium and magnesium nutrients which make it suitable for high-demanding crops like maize and cassava and pepper and tomato plants. Farmers should apply the product in moderate amounts while they should first mix it with soil before planting or during land preparation stages to achieve proper nutrient distribution. The product enables regular application which helps farmers decrease soil acidity while they boost soil fertility and reduce their need for expensive chemical fertilizers.
4.2.2 For Researchers
Researchers should conduct comprehensive field experiments to evaluate the long-term effects of plantain peel ash on soil health, nutrient release patterns, and crop productivity under varying soil types and climatic conditions.Studies should determine optimal application rates while examining how organic amendments interact and which ones affect soil microbial activity. The research will demonstrate ash's effectiveness as a sustainable fertilizer through its investigation of nutrient mineralization rates and their effect on multiple cropping cycles. 
4.2.3 For Policy Makers
Policy makers should develop and promote policies that encourage the recycling of agricultural wastes, such as plantain peels, into organic fertilizers. The initiative would reduce environmental pollution caused by waste disposal while supporting sustainable agricultural practices and environmental protection efforts. The governments and agricultural agencies should support training programs which offer public awareness campaigns to educate farmers about the advantages and safe application methods of ash-based fertilizers. Small-scale industries that transform agricultural waste into soil amendment products should receive incentive programs. The use of plantain peel ash as an organic fertilizer supports global efforts to achieve sustainable resource management and reduce waste while promoting environmentally friendly farming methods. Farmers, researchers, and policymakers must work together to utilize this method for maximizing soil productivity while safeguarding food security
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