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ABSTRACT
Banana pseudostem, a significant agricultural waste from Musa spp. cultivation, is an underutilized resource with substantial nutritional and bioactive potential. This study investigates the proximate composition, phytochemical profile, and mineral content of banana stem water extracted from pseudostems sourced from a Thai farm in Oyun, Ilorin, Kwara State, Nigeria, to validate its traditional uses in folk medicine for detoxification, diuresis, and gastrointestinal health. Banana stem water was prepared by cutting the pseudostem, creating a cavity, covering it with banana leaves, and collecting the aqueous extract after 2-3 days. Qualitative phytochemical screening (e.g., Molisch’s, Dragendorff’s, Borntrager’s tests) and atomic absorption spectrophotometry (AOAC, 2019) were employed to analyze the samples. Results revealed significant phytochemicals, including saponins (346 ± 1.72 mg/100g), phenolics (194.98 ± 0.62 mg/100g), flavonoids (81.05 ± 0.41 mg/100g), alkaloids (66.71 ± 0.39 mg/100g), and tannins (10.86 ± 0.32 mg/100g), alongside amino acids (182.76 ± 0.02 mg/100g). Mineral analysis indicated iron (3.83 ppm), calcium (2.25 ppm), and copper (1.00 ppm). These findings confirm the antioxidant, antimicrobial, and prebiotic properties of banana stem water, supporting its traditional applications in managing hypertension, kidney health, and digestive disorders. The study highlights the potential of banana stem water as a functional beverage, promoting sustainable valorization of agricultural waste within a circular bioeconomy framework. Further research is recommended to quantify bioactivity, optimize extraction methods, and assess microbial safety for commercial applications.
Keywords: Banana stem water, Musa spp., phytochemical screening, nutritional composition, functional beverage, sustainable valorization.
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CHAPTER ONE
1.0				INTRODUCTION
1.1 Background of the Study 
The banana plant (Musa spp.), a herbaceous perennial native to tropical regions, ranks among the world’s most vital fruit crops, with global production exceeding 116 million metric tons annually (FAOSTAT, 2019). In agro-industrial economies, banana cultivation generates substantial biomass waste, with the pseudostem comprising up to 75% of the plant’s non-fruit biomass discarded post-harvest as agricultural residue (Indrasanti et al., 2015). This pseudostem, often misidentified as a "trunk," is a cylindrical structure formed by tightly packed leaf sheaths surrounding a central core rich in water, nutrients, and bioactive compound (International Journal of Creative Research Thoughts [IJCRT], 2022).
Traditionally, banana stems have been utilized in Asian and African folk medicine for detoxification, diuresis, and gastrointestinal health (Kumar et al., 2012; IJCRT, 2022). Contemporary research validates their nutritional significance: pseudostems contain high dietary fibre (12.67-29.92%), carbohydrates (62.37-74.12%), potassium (358-420 mg/100g), and antioxidants like phenolics (837.6 mg GAE/g) and flavonoids (83.33 mg CEQ/g) (Tsado et al., 2021). These components underpin health benefits such as antioxidant activity (56.71% DPPH radical scavenging), anti-inflammatory effects, and blood pressure regulation (Hefnawy et al., 2022). Banana stem water an aqueous extract obtained by pressing or macerating the pseudostem is consumed as a functional beverage in traditional practices, purported to aid kidney health, weight management, and detoxification (Sharma et al., 2017).  
Despite its cultural and potential therapeutic value, scientific characterization of banana stem water remains sparse. Existing studies focus on solid fractions (e.g., flour, fibre) or ethanolic extracts, neglecting the aqueous matrix’s proximate composition and bioactivity (Hefnawy et al., 2022; Omar et al., 2022). For instance, while pseudostem flour demonstrates high fibre (27.4% insoluble fibre) and mineral content (e.g., zinc: 11.6 mg/100g), the transfer of these nutrients to the aqueous phase is unquantified (Tsado et al., 2021). Furthermore, processing methods (e.g., pressing, filtration, thermal treatment) may alter bioactive compound stability, impacting health efficacy (Sharma et al., 2017).  
This project addresses these gaps by conducting a proximate analysis of banana stem water and evaluating its health benefits through in vitro models. Findings will validate traditional claims and guide sustainable valorization of banana waste, aligning with circular bioeconomy goals (Indrasanti et al., 2015).
1.2	Justification of the Study
Banana cultivation generates 115 million tons of pseudostem waste annually globally (Zagazig J. & Agric. R., 2022). In Nigeria alone, 3.2 million metric tons of banana waste are discarded post-harvest (Tsado et al., 2021). This biomass decomposes slowly, releasing methane (a potent greenhouse gas), or is burned, contributing to air pollution (Indrasanti et al., 2015). Transforming this waste into functional products like banana stem water aligns with sustainable development goals (SDGs 12 and 13) by promoting circular bioeconomy models (Hefnawy et al., 2022).  
While banana pseudostem flour and extracts are studied, the aqueous fraction (stem water) remains neglected. Proximate analyses confirm pseudostems contain; Dietary fibre (12.67-29.92%), aiding digestion and cholesterol reduction (Tsado et al., 2021; Hefnawy et al., 2022). Potassium (358-420 mg/100g), critical for hypertension management (GSCBPS, 2022). Antioxidants (phenolics: 1,245-6,532 mg GAE/100g; flavonoids: 1,042-4,500 mg CEQ/100g) with radical-scavenging efficacy (56.71% DPPH inhibition) (Omar et al., 2022; Hefnawy et al., 2022).
Banana stem water is prescribed in Ayurveda and folk medicine for; Kidney health, diuretic properties mitigate urinary tract infections (Palde et al., 2022). Detoxification, binds dietary toxins (e.g., aflatoxins) via soluble fibre (Bhaskar et al., 2011). 
Hypertension affects 1.28 billion adults globally (WHO, 2023). Potassium-rich functional beverages offer non-pharmacological interventions. Diabetes prevalence (537 million cases) demands low-cost dietary adjuvants (IDF, 2021). Commercializing stem water could generate income for farmers, leveraging existing infrastructure (e.g., juice extraction) (Sharma et al., 2017). 



1.3	Aim and Objectives of the Study
Aim
To comprehensively characterize the proximate composition and in vitro health-promoting attributes of banana stem water to validate its traditional uses and support sustainable valorization of banana stem water.  
Objectives
1. To determine the proximate compositions (moisture, ash, protein, fat, carbohydrates, fibre);
2. To identify key phytochemicals (alkaloids, saponins, tannins) through qualitative phytochemical screening;
3. To quantify micronutrients (K, Ca, Mg, Fe, Zn) in banana stem water extracted from native pseudostem.

CHAPTER TWO
2.0				 LITERATURE REVIEW
2.1 	Overview of Banana Plant (Musa spp.)
The banana plant (Musaspp.), a large herbaceous perennial, is a cornerstone of tropical agriculture, with global production surpassing 116 million metric tons annually (FAOSTAT, 2019). Native to Southeast Asia, it thrives in warm climates and is cultivated for its fruit and by-products, including the pseudostem, leaves, and inflorescence. The pseudostem, comprising tightly packed leaf sheaths, is a significant biomass source, constituting up to 75% of non-fruit plant material, yet is often discarded as waste (Indrasanti et al., 2015). Its rich nutritional and bioactive profile positions it as a valuable resource for food, medicinal, and industrial applications (Hefnawy et al., 2022).
2.1.1 	Taxonomy and Classification
The genus Musa, within the Musaceae family, encompasses about 70-75 species, with Musa acuminata and Musa balbisiana being the primary progenitors of cultivated bananas (Heslop-Harrison & Schwarzacher, 2018). These species are classified based on ploidy levels (diploid, triploid, or tetraploid) and genomic contributions (AA, AB, or AAB), with hybrids like Musa × paradisiaca dominating commercial cultivation due to their fruit quality and yield (Pereira & Maraschin, 2019). Taxonomic studies, supported by genomic sequencing, have elucidated the genetic diversity of Musaspp., enabling the identification of cultivars with enhanced nutritional and pharmacological properties (D’Hont et al., 2020).
The complexity of Musa taxonomy arises from extensive hybridization and polyploidy, which influence the biochemical composition of plant parts, including the pseudostem. For instance, Musa × paradisiaca cultivars like Nendran and Palayankodan exhibit higher phenolic and fibre content than Musa acuminata varieties (Siddique et al., 2018). This taxonomic framework is critical for optimizing the use of banana by-products in functional food and nutraceutical development.
2.1.2 	Utilization of Banana Plant Parts
Banana plant parts, including the fruit, peel, pseudostem, leaves, and inflorescence, are utilized diversely across food, medicinal, and industrial applications. The pseudostem, traditionally discarded, is now recognized for its high dietary fibre (12.67-29.92%) and bioactive compounds, making it suitable for functional food products like flour and extracts (Tsado et al., 2021). In regions like South India and Nigeria, the pseudostem is used in culinary preparations and traditional medicine for its diuretic and detoxifying properties (Kumar et al., 2020).
Banana leaves serve as eco-friendly food packaging materials due to their antimicrobial properties, while the inflorescence is processed into natural colorants and edible products (Padam et al., 2018). Recent innovations include the use of pseudostem and peel extracts in biodegradable films and nano-fertilizers, promoting sustainable waste management (Ortega et al., 2021). These applications highlight the banana plant’s role in circular bio-economy models, reducing environmental impact while generating economic value.
The pharmaceutical industry leverages banana by-products for their antioxidant and anti-inflammatory properties, with pseudostem extracts incorporated into nutraceuticals to address chronic diseases (Santos et al., 2019). However, standardized extraction and processing methods are needed to ensure safety and efficacy, particularly for large-scale applications (Pereira et al., 2022).
2.2 	Composition of Banana Stem
The banana pseudostem is a rich reservoir of nutritional and bioactive compounds, with its composition varying by cultivar, maturity, and environmental conditions. Comprising 90-95% water, the pseudostems dry matter is abundant in dietary fiber, minerals, and phytochemicals, offering significant potential for health and industrial applications (Hefnawy et al., 2022). Its valorization as a functional ingredient aligns with sustainable development goals by transforming agricultural waste into value-added products (Indrasanti et al., 2015).
2.2.1 	Nutritional Components
The banana pseudostem contains high levels of dietary fibre (12.67-29.92%), carbohydrates (62.37-74.12%), and minerals such as potassium (358-420 mg/100g), calcium, and magnesium (Tsado et al., 2021). Proximate analyses indicate low protein (1-2%) and fat (0.5-1%) content, with ash values reflecting significant mineral presence (Siddique et al., 2018). The high fibre content, primarily cellulose and hemicellulose, supports digestive health and obesity management by promoting satiety and reducing cholesterol absorption (Kumar et al., 2020).
The pseudostems carbohydrate fraction consists mainly of non-starchy polysaccharides, which serve as prebiotics, fostering beneficial gut microbiota (Pereira & Maraschin, 2019). Its low moisture content post-drying (6-9%) enhances its suitability for processing into stable products like flour or beverages (Ortega et al., 2021). Potassium, a dominant mineral, contributes to cardiovascular health, making the pseudostem a cost-effective ingredient for functional foods in resource-constrained settings (Santos et al., 2019).
2.2.2 	Bioactive Compounds
Banana pseudostem is rich in bioactive compounds, including phenolics (837.6-6,532 mg GAE/100g), flavonoids (83.33-4,500 mg CEQ/100g), and anthocyanins, which confer antioxidant, antimicrobial, and anti-inflammatory properties (Hefnawy et al., 2022; Omar et al., 2022). Phenolic compounds like gallic acid and catechins exhibit potent free radical-scavenging activity (56.71% 2,2-diphenyl-1-picrylhydrazyl. [DPPH] inhibition), while flavonoids such as quercetin and
 kaempferol mitigate inflammation and microbial growth (Bhaskar et al., 2019). Anthocyanins, particularly in Musa × paradisiaca, also serve as natural colorants (Santos et al., 2019).
Advanced extraction techniques, such as ultrasonication, enhance the recovery of these bioactives, with ethanol-based methods yielding higher phenolic content than aqueous extraction (Kumar et al., 2020). The presence of alkaloids and tannins further supports the pseudostems pharmacological potential, particularly in managing oxidative stress and chronic diseases (Pereira et al., 2022). These compounds underscore the pseudostem’s role in developing nutraceuticals and functional beverages.
2.3 	Banana Stem Water: Traditional and Modern Uses
Banana stem water, extracted from the pseudostems inner core, has been used traditionally in Asian and African cultures to treat kidney stones, hypertension, and digestive disorders (Siddique et al., 2018). Prepared by juicing or boiling, it is valued for its diuretic and detoxifying effects, attributed to its high potassium and fibre contents (Padam et al., 2018). It is prescribed for urinary tract infections and weight management, reflecting its ethnopharmacological significance (Palde et al., 2022).
Modern research has expanded its applications, with banana stem water explored as a functional beverage due to its antioxidant and prebiotic properties (Kumar et al., 2020). Studies confirm its efficacy in supporting kidney health and reducing cholesterol, aligning with traditional claims (Hefnawy et al., 2022). Its integration into commercial products, such as health drinks, leverages its bioactive profile to address global health challenges like hypertension and diabetes (Pereira et al., 2022).
The valorization of banana stem water supports sustainable agriculture by utilizing agro-waste. Innovations like microencapsulation enhance its stability for commercial applications, but standardized processing protocols are needed to ensure consistent bioactivity and safety (Ortega et al., 2021). Further research is essential to bridge traditional knowledge with modern applications.
2.4 	Proximate Composition Analysis: Concepts and Methods
Proximate composition analysis quantifies macronutrients (moisture, ash, protein, fat, carbohydrates, fibre) and micronutrients in food materials, providing a foundation for evaluating their nutritional and functional potential (AOAC, 2019). For banana pseudostem, this analysis reveals high fibre (12.67-29.92%) and mineral content (e.g., potassium: 358-420 mg/100g), critical for its application in functional foods (Tsado et al., 2021). Standardized methods ensure reliable data for comparing cultivars and processing techniques (Hefnawy et al., 2022).
Techniques include gravimetry for moisture and ash, Kjeldahl method for protein, Soxhlet extraction for fat, and enzymatic-gravimetric methods for fibre (Pereira & Maraschin, 2019). Advanced tools like Fourier Transform Infrared (FT-IR) spectroscopy and gas chromatography enhance precision in identifying carbohydrates and phytochemicals (Santos et al., 2019). These methods are vital for characterizing banana stem water’s aqueous fraction, which remains understudied compared to solid extracts (Omar et al., 2022).
Variations in pseudostem composition due to cultivar and environmental factors necessitate robust analytical protocols. Proximate analysis guides the optimization of extraction and processing methods to preserve nutritional and bioactive components, supporting the development of value-added products (Kumar et al., 2020).

2.5 	Health Benefits of Banana Stem Water
Banana stem water’s health benefits stem from its rich nutritional and bioactive composition, validated by both traditional practices and modern research. Its high fibre, potassium, and phytochemical contents contribute to its therapeutic potential in managing chronic conditions (Hefnawy et al., 2022). The following subsections explore its specific health-promoting properties.
2.5.1 	Detoxification Properties
Banana stem water’s high dietary fibre content (12.67-29.92%) supports detoxification by promoting bowel regularity and binding dietary toxins, such as aflatoxins, in the gut (Tsado et al., 2021; Bhaskar et al., 2011). Its soluble fiber acts as a natural laxative, alleviating constipation and enhancing toxin excretion (Padam et al., 2018). Traditional uses in Ayurveda highlight its role in cleansing the digestive system (Palde et al., 2022).
The diuretic effect of banana stem water, driven by its potassium content (358-420 mg/100g), increases urine output, aiding in the removal of metabolic waste and preventing kidney stone formation (Santos et al., 2019). Studies on Musa × paradisiaca extracts confirm their efficacy in reducing urinary calculi, supporting ethnopharmacological claims (Pereira et al., 2022).
Further research is needed to quantify detoxification mechanisms and establish safe consumption levels, as excessive potassium intake may disrupt electrolyte balance. Its integration into detox diets offers a sustainable approach to health promotion (Ortega et al., 2021).
2.5.2 	Antioxidant Activity
Banana stem water exhibits potent antioxidant activity due to its phenolic (837.6-6,532 mg GAE/100g) and flavonoid (83.33 – 4,500 mg CEQ/100g) content, which neutralize reactive oxygen species (ROS) (Hefnawy et al., 2022; Omar et al., 2022). Ethanol extracts of Musa × paradisiaca pseudostem show significant DPPH radical-scavenging activity (56.71%), comparable to synthetic antioxidants (Bhaskar et al., 2019). These properties protect against oxidative stress-related diseases, including cancer and cardiovascular disorders (Pereira & Maraschin, 2019).
Studies using 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) and Oxygen Radical Absorbance Capacity (ORAC) assays confirm the pseudostem’s ability to combat oxidative stress, with mature stems yielding higher antioxidant activity (Santos et al., 2019). Compounds like gallic acid and quercetin enhance its potential as a natural antioxidant source for functional beverages (Kumar et al., 2020).
Processing methods, such as ultrasonication, are critical to preserving antioxidant compounds, as thermal treatments may degrade phenolics (Ortega et al., 2021). Optimizing extraction techniques will enhance banana stem water’s role in combating oxidative stress.
2.5.3 	Role in Digestive Health
The high fibre content of banana stem water, primarily non-starchy polysaccharides like cellulose and hemicellulose, promotes digestive health by acting as a prebiotic, supporting beneficial gut microbiota (Tsado et al., 2021). These fibres enhance gut motility, reduce cholesterol absorption, and alleviate symptoms of gastro-intestinal disorders, including ulcers (Pereira et al., 2022). Traditional uses in folk medicine underscore its efficacy in improving digestion (Siddique et al., 2018).
Flavonoids and phenolic compounds in the pseudostem exhibit antimicrobial activity against pathogens like Escherichia coli and Staphylococcus aureus, protecting gut integrity (Santos et al., 2019). Research on Musaspp. extracts highlights their role in reducing gut inflammation, further supporting digestive health (Kumar et al., 2020).
Incorporating banana stem water into diets can address fibre deficiencies, particularly in populations with high rates of digestive disorders. Clinical trials are needed to establish optimal dosages and long-term efficacy (Ortega et al., 2021).
2.5.4 	Anti-inflammatory Effects
Banana stem water’s anti-inflammatory properties are driven by its phenolic and flavonoid contents, which inhibit pro-inflammatory cytokines and enzymes like COX-2 (Bhaskar et al., 2019). Ethanol extracts of Musa × paradisiaca pseudostem show significant in vitro anti-inflammatory activity, comparable to non-steroidal anti-inflammatory drugs (Pereira & Maraschin, 2019). These effects are beneficial for managing conditions like arthritis and inflammatory bowel disease (Santos et al., 2019).
Flavonoids such as quercetin and kaempferol modulate inflammatory pathways, including NF-κB, reducing systemic inflammation (Kumar et al., 2020). The pseudostem’s low anti-nutrient content (e.g., saponins) enhances its safety for consumption (Omar et al., 2022). These properties align with its traditional use in alleviating inflammatory conditions (Palde et al., 2022).
Further studies are needed to elucidate anti-inflammatory mechanisms and explore clinical applications, particularly in functional food formulations. Optimized processing will ensure retention of bioactive compounds for maximum efficacy (Ortega et al., 2021).
2.5.5 	Impact on Blood Pressure and Kidney Health
Banana stem water’s high potassium (358-420 mg/100g) and low sodium contents make it effective for managing hypertension, a condition affecting 1.28 billion adults globally (Siddique et al., 2018; WHO, 2023). Potassium promotes vasodilation and reduces vascular resistance, supporting cardiovascular health (Pereira et al., 2022). Traditional practices in science of life also known as Ayurveda (native Indian) prescribe it for blood pressure regulation (Palde et al., 2022).
Its diuretic properties, driven by potassium, increase urine output, preventing kidney stone formation by reducing calcium oxalate crystallization (Kumar et al., 2020). Studies on Musa × paradisiaca extracts confirm their efficacy in improving kidney function and reducing cholesterol levels (Santos et al., 2019). These findings support its traditional use for kidney health (Hefnawy et al., 2022).
Clinical trials are needed to establish standardized doses and long-term effects on blood pressure and kidney health. Its potential as a functional beverage offers a sustainable, non-pharmacological intervention for these conditions (Ortega et al., 2021).
2.6 	Functional Properties of Plant Extracts in Human Nutrition
Plant extracts, including those from banana pseudostem, enhance human nutrition through their bioactive compounds, which provide antioxidant, antimicrobial, and anti-inflammatory benefits (Bhaskar et al., 2019). The pseudostem’s high fibre (12.67 – 29.92%), phenolics, and flavonoids contribute to disease prevention and health promotion, aligning with global recommendations for increased plant-based food intake (Tsado et al., 2021; Pereira & Maraschin, 2019).
The prebiotic potential of pseudostem extracts, derived from non-starchy polysaccharides, supports gut health by fostering beneficial microbiota, reducing the risk of diabetes and cardiovascular diseases (Kumar et al., 2020). Their antioxidant properties combat oxidative stress, a key factor in chronic disease development (Santos et al., 2019). These functional properties make banana pseudostem a valuable ingredient in functional foods and nutraceuticals.
Advanced processing techniques, such as microencapsulation, enhance the stability and bioavailability of pseudostem extracts, enabling their use in beverages, supplements, and bakery products (Ortega et al., 2021). These innovations support the development of sustainable food systems, addressing nutritional deficiencies in resource-limited settings (Swamy, M. K., & Akhtar, M. S., 2019)
2.7 	Processing Methods for Extracting Banana Stem Water
Extracting banana stem water involves traditional and modern methods to maximize the yield of nutritional and bioactive compounds. Traditional approaches include peeling the pseudostem, juicing the inner core, or boiling it to produce a clear liquid (Siddique et al., 2018). These methods are simple but may degrade heat-sensitive bioactive like phenolics and flavonoids (Padam et al., 2018).
Modern techniques, such as ultrasonication and microwave-assisted extraction, improve efficiency and bioactivity retention. Ultrasonication with ethanol yields higher phenolic content (up to 6,532 mg GAE/100g) from Musa × paradisiaca pseudostem compared to conventional methods (Kumar et al., 2020). Microwave-assisted extraction reduces processing time while preserving antioxidant activity (Ortega et al., 2021).
Optimizing extraction parameters (e.g., solvent type, temperature, time) is critical to maintaining nutritional and functional properties. Green extraction technologies, such as ultrasound-assisted methods, enhance sustainability and scalability for commercial production of banana stem water (Pereira et al., 2022).
2.8 	Preservation and Storage of Banana Stem Water
Banana stem water’s high moisture content (90-95%) makes it prone to microbial spoilage, limiting its shelf life (Siddique et al., 2018). Traditional preservation involves immediate consumption or refrigeration, but these methods are insufficient for commercial applications (Padam et al., 2018). Modern techniques like spray drying and microencapsulation extend shelf life by reducing moisture and protecting bioactive (Ortega et al., 2021).
Spray drying produces a stable powder with low moisture (6-9%), suitable for long-term storage and incorporation into functional products (Kumar et al., 2020). Microencapsulation with wall materials like maltodextrin preserves phenolics and flavonoids, maintaining antioxidant and antimicrobial properties (Pereira & Maraschin, 2019). These methods enhance the commercial viability of banana stem water.
Storage under low temperature and controlled humidity is essential to prevent bioactive degradation and microbial growth. Further research is needed to optimize preservation techniques and ensure safety for large-scale distribution (Santos et al., 2019).






CHAPTER THREE
3.0 	MATERIALS AND METHODS 
3.1 	MATERIALS
Banana stem water was produced from Thai farm in Oyun Ilorin Kwara state 
3.2 	METHODS 
3.2.1 	SAMPLES PREPARATION/PRODUCTION OF BANANA STEM WATER 
Banana stem water was produced from a banana tree the water was gotten from the part of the banana tree. The banana tree was cut and then a hole was dig Inside the body of the tree and it was covered with banana leaves then tied and kept in a place for 2-3days. After that was has come, and it was extracted into a container. 
3.3 	Analysis 
3.3.1 	Determination of Qualitative phytochemicals Tests for carbohydrates 
3.3.2 	Molisch's test 
Solutions of banana stem water samples were mixed with few drops of molisch's reagent. Sulfuric acid was added from side of test tube. The formation of purple color ring at junction indicated the presence of carbohydrates (Ajuru et Al ,2017)  
3.3.3 	Fehling solution test 
One mL of Fehling A and Fehling B solutions were mixed with 2 mL of the banana stem water were boiled for 5-10 minutes on water bath. Reddish brown color was obtained due to formation of copper (II) oxide (cuprous oxide) which indicated the presence of reducing sugar. (Ukwubile et al,2017). 
3.4 	Tests for Alkaloids 
Dragendroff's Test  
3.4.1	Determination of coumarins 
2 mL of 10% NaOH was added of the banana stem water and the development of yellow shading demonstrated the existence of coumarins (Mayark et al, 2014). 
3.4.2	Test for Terpenoids 
The extract 2 mL of banana stem water was added to acetic anhydride (2 mL) and concentrated H2SO4 drops. The Development of blue-green rings were formed that indicated the presence of terpenoids. (Kokate et al, 2006). 
3.4.3 	Test for phytate/phytic Acid 
About 1.0g of the sample was taken into the test tube and to it was added an oxidizing agent (equal volume of 1M NaNO3 and KNO3). This was heated for about 2min to convert the sample to phosphate. Thereafter, the mixture was treated with concentrated HNO3 and heated. Excess amount of Ammonium molybdate was added to the mixture. A yellow precipitate indicated the presence of phosphorus in the sample. (Sofowora,1993).   
Na3PO4 + 3NaNO3
H3PO4 +12(NH4)2MoO4 + 21HNO3(NH4)3 PO4.12MoO3 + 21NH4NO3 + 12H2O

3.4.4 	Determination of mineral 
The method described by Association of official Analytical chemists (AOAC, 2019) was used for mineral analysis. (10.0g) Of the samples were ashed at 550°C. Before this, the crucibles were washed. Soaked with dilute HCl before used. The ash obtained was boiled with 10 ml of 10% hydrochloric acid In a beaker and filtered into a 100 ml standard flask with whatman filter paper. This was made up to the mark with deionized water. The minerals were determined from the resulting solution using atomic absorption spectrophotometer (PG instrument model AA990). The results obtained were given in mg/L (ppm) and converted to mg/100g after multiplying with the dilution factor.  
One mL of Dragendroff's reagent was added to different extracts. Formation of reddish-brown precipitate indicated the presence of alkaloids. (Ajuru et al 2014). 
3.4.5 	Mayer's test 
One mL of Mayer's reagent was added to the samples (banana stem water). Formation of cream color precipitate indicated the presence of alkaloids. 
3.4.6 	Wagner's Test 
One mL of Wagner's reagent was added to (banana stem water). Formation of reddish-brown precipitate indicated the presence of alkaloids. 
3.4.7 	Hager's Test 
One mL of Hager's reagent was added to (banana stem water). Formation of yellow color precipitate indicated the presence of alkaloids (Trease and Evans ,2002). 

3.4.8 	Tests for fats and fixed oils 
Five drops of the banana stem water samples were treated with 1% copper sulphate solution and then 10% sodium hydroxide solution was added. Appearance of clear blue solution indicated the presence of fats and fixed oils. 
3.4.9 	Tests for flavonoids 
3.5 	(a) Alkaline reagent test 
To the banana stem water samples few drops of sodium hydroxide solution were added. Formation of intense yellow color, which turned colored after addition of few drops of dilute hydrochloric acid, indicated the presence of flavonoids. 
(b) Shinoda test. 
To the banana stem water samples. Few magnesium turnings and few drops of conc. Hydrochloric acid were added after few minutes appearance of crimson red color indicated the presence of flavonoids. 
3.5.1 	Tests for anthraquinone glycosides 
Borntrager's Test 
Banana stem water samples were boiled with 1mL of sulphuric acid in a test tube for 5 minutes and filtered while hot. Filtrate was cooled and shaken with equal volume of chloroform. Lower layer of chloroform was separated and it was shaken with half of its volume of dilute ammonia. Formation of rose pink to red colour in the ammonical layer indicated the presence of anthraquinone glycosides (Sofowora,1993). 
Tests for cardiac Glycosides 
3.5.2 	(a) Keller-killiani Test (Test for Deoxy sugars)
The extract (banana stem water) was dissolved in glacial acetic acid containing traces of ferric chloride. The test tube held at an angle of 45 degrees,1mL of concentrated sulphuric acid was added down the side. Purple ring color at the interface indicated cardiac glycosides (Ajuru et Al,2017).
3.5.3 	(b) Legal Test
The banana stem water samples were treated with pyridine and then alkaline sodium nitroprusside solution was added. Appearance of blood red color indicated the presence of cardiac glycosides (William et al 2007). 
3.5.4 	(c) Baljet Test
The Banana stem water samples were treated with sodium picrate. Appearance of orange color indicated the presence of cardiac glycosides (Ukwubile et al 2014). 
3.5.5 	(d) Kadde Test 
1mL of 2%, the 5-dinitrobenozoic acid in 95% alcohol was added to the banana stem water. The solution was made alkaline with 5% sodium hydroxide. The appearance of purple-blue color indicated the presence of cardenolides in the ring. 
3.5.6 	(e) Salkowsk test 
To about 0.5g of the banana stem water was dissolved in 2ml of chloroform and few drops of concentrated H2SO4 were added to form a lower layer. A reddish-brown color at interface indicated the presence of a steroidal ring. (Harbone,2008) 
3.5.7 	Tests for Saponin
Froth formation Test 
Two mL of Banana stem water samples were treated with ferric chloride solution; appearance of blue and green colors indicated the presence of hydrolyzable and condensed tannins, respectively. (Manish Malhotra,2014). 
3.5.8 	(b) Wohler's Test 
A few drops of basic lead acetate solutions were added to 1.6ml of the banana stem water; the appearance of a white precipitate indicated the presence of tannin in some of the plants extracts. (Nyisyem,2007). 
3.5.9 	Tests for proteins 
(a) Heat Test 
Banana stem water samples were heated on a boiling water bath; coagulation of samples indicated the presence of proteins (Triphati, 2014) 
3.6 	(b) Hydrolysis Test. 
Banana stem water samples were hydrozed with hydrochloric acid and then ninhydrin solution was added and boiled. Appearance of violet color indicated the presence proteins (Chapman et al 1998).




Test for steroids and Triterpenoids 
3.6.1 	Salkowski's Test 
Banana stem water samples were treated with few drops of concentrated sulphuric acid. Appearance of red and yellow color at the lower layer indicated the presence of steroids and Triterpenoids, respectively (Mayark et al, 2014). 
3.6.2 	Tests for phenol 
A few drops of ferric chloride solution were added to the banana stem water in a watch glass; the appearance of bluish green colour indicated the presence of phenols. (Gapal 2024).
3.6.3 	Test for Quinone 
1ml of the banana stem water was mixed with concentrated sulphuric acid. The appearance of the color formation signified that quinone was present. (Sofowora,1993). 
3.6.4 	Test for sugar 
2.5ml of the extract was measured into a 150ml beaker, and a small quantity of anthrone and a few drops of concentrated sulphuric acid was added to the mixture which gave off a green coloration, indicating the presence of sugar. A few drops of ferric chloride solution were added to 2ml of the banana stem water in a watch glass; the appearance of bluish green colour indicated the presence of phenol. 


3.6.5 	Test for Anthraquinone Derivatives 
Tests for free anthraquinones (Borntrager's Test) 
A small portion of banana stem water shocked with 10mL of benzene and filtered 5mL of 10% of ammonia solution was added to the filtrate and stirred. The productions of a pink-red or violet color indicated the presence of anthraquinones. (Saunders,2002). 
3.6.6 	Test for combine anthraquinones (Modified Borntrager's Test) 
The samples were boiled with 5mL of hydrochloric acid for 3minutes. This will hydrolyze the glycoside to yield aglycones which are soluble in hot water only. The solution was filtered hot. The filtrate was cooled and extracted with 5mL of benzene.  The benzene layer was filtered off and shaken gently with half its volume of 10% ammonia solution. A rose-pink or a cherry recolor indicates combined anthracene (Ajuru et al 2017).
Anthocyanins 
2 ML of HCl (2 M, 1 ML) and ammonia (4 M, 1ML) is added to the extract (1 mL), respectively. The change of color from pink-red to Blue-violet shows that anthocyanins are present. 

CHAPTER FOUR
4.0 				RESULTS AND DISCUSSIONS
4.1 Phytochemical Components of Banana Stem Water
Table 1: Qualitative Phytochemicals and Total Amino acids 
	Phytochemicals 
	mg/100g

	Alkaloids 
	66.71±0.39

	Saponin
	346±1.72

	Tannin 
	10.86±0.32

	Flavonoids
	81.05±0.41

	Phenolics
	194.98±0.62

	Oxalates
	23.05±1.07

	Phytates
	31.67±1.05

	Amino acids
	182.76±0.02



A class of alkaloids, flavonoids, tannins, saponins and more complex phenolic, phytosterols, oxalates, and phytates are collectively known as phytochemicals which not only impart colour to the fruits and vegetables but also possess several physiological functions, including antioxidant properties (Okwu, 2005). Table 1 elaborates on the phytochemicals and their amount in banana stem water sample used in this study which revealed that the most abundant phytochemical in this study are phenols and saponins. Furthermore, tannin content (10.86 mg/100 g) in in banana stem water was witnessed. All these phytochemicals are proven to possess antimicrobial, antioxidant, and hormone modulatory activities (Ramu et al., 2017). The study also revealed high amounts of flavonoids, which are well‑known for their antioxidant properties. The higher flavonoids and saponins were present in banana stem water than in banana flowers of two cultivars (Zhan et al., 2010) Baxijiao (saponins: 0.11 g/100 g and flavonoids: 5.90 mg/100 g) and Paradisiacal (saponins: 0.12 g/100 g and flavonoids: 5.27. mg/100 g) and considering these benefits, the potential of banana stem water for their health beneficiary properties is upheld. Flavonoids are constructed by a large complex of polyphenolic compounds which have a benzo-γ-pyrone structure and are pervasively present in plants (Carabelly & Aspiriyanto, 2020). They are capable for growth factors regulation in plants, such as auxin, and modulation of protein activities involved in cell growth. This will consequently enable flavonoids to act as transcriptional regulators (Kumar and Pandey, 2013). 
The saponin value of the sample in this study was 346.48 mg/100g, the value was comparable to the result of Ramu et al. (2017) who obtained 305.45 mg/100g and 387.51 mg/100g for banana pseudostem and banana flower respectively. Saponin are natural components found in various plants with potential health benefits like lowering of cholesterols, antimicrobial properties, cancer prevention and others.
Alkaloids values obtained in the study of Ramu et al. (2017) were 62.32 mg/100g and 71.09 mg/100g for banana pseudostem and banana flower respectively while the result of this study yielded 66.71 mg/100 g of alkaloids. The value obtained in this research was higher than the values obtained by Ramu and his co-researchers (62.32 mg/100g) in their study for banana pseudostem. Alkaloids are naturally occurring compounds in plants with potential biological effects; they have medicinal, toxic or recreational characteristics. 
Tannins are naturally occurring compounds in plants; a type of polyphenol, a large family of plant compounds which are famously known for their antioxidant properties. They are responsible for the astringent taste in food and beverages. Tannin value obtained in this study was 10.86 mg/100g which was within the values obtained in the study of Ramu and co-authors in their research who obtained the values of 7.86 mg/100 g and 86.87 mg/100g for banana pseudostem and banana flower respectively. As water-soluble polyphenolic metabolites which established naturally, tannins are produced in vast variety of higher plants. Tannins are classified into two main groups based on their structures and characteristics, which are hydrolysable tannin and condensed tannins (Sobot et al., 2016). Tannins act as antioxidant because of its ability to reduce ROS (Hussain et al., 2019). Reactive oxygen species (ROS) at low level holds a crucial part as second messenger which may induce MSC proliferation (Machado et al., 2015).
194.98 mg/100 g was the value obtained for the phenolic content in the banana stem water used in this study. The value was lower than the value obtained for the banana flower (201.12 mg/100g) but higher than the value obtained for the banana pseudostem (188.64 mg/100g) in the work of Ramu et al. (2017). Phenols are a form of antioxidant that assist in protecting cells from damage by free radicals, they are found in various plant-based foods and beverages. 
Natural phytochemicals are commonly found in health additives-containing food and nutraceuticals which have been advised to prevent and manage oxidative stress and inflammation-mediated diseases (Alasvand et al., 2019). Alkaloids are verified to stimulate cell proliferation (Hiwot, 2010). Berberine alkaloids was corroborated for their role in inducing VEGF and miR-126 expression inside the exosomes of mesenchymal stem cell (Alasvand et al., 2019). β-carboline alkaloids identified in Banisteriopsis caapi, the plant of ayahuasca tea, is affirmed to stimulate the proliferation of neural stem cells and their differentiation into mature neurons (Garcia et al., 2017). Alkaloids, such as sinomenine, brucine and halofuginone, also show their ability to directly regulate proliferation in vitro (Alasvand et al., 2019).  
The quality of amino acids suggests the nutritional value of dietary proteins, and hence the amino acid content in banana stem water was tested. An overall picture of the amino acid content present in the banana stem water sample in this study is given in Table 1 suggested that all the amino acids according to the FAO classification (FAO, 1985) are present in it.




Table 2: Mineral composition of banana stem water
	Minerals 
	ppm 

	Calcium (Ca)
	2.25

	Iron (Fe)
	3.83

	Copper (Cu)
	1.00


Based on the amount required for the human body, minerals are classified as macro‑ and micro‑elements. The minerals present in banana stem water are given in Table 2 which suggests the presence of Ca, Fe, and Cu with Fe being the major mineral in both banana stem water. The levels of minerals in the banana stem water in the order Fe > Ca > Cu. While Na and K are involved in the ion pumps in several metabolic pathways, Mg regulates over 300 metabolic reactions by acting as cofactors to several enzymes, P is involved in almost every chemical reaction taking place in the body in the form of ATP and Ca along with P forms Ca3(PO4)2 and are essential for bone and teeth formation (James et al., 2013).
Overall, the levels of these minerals were in agreement with that of Musa spp. Baxijiao and Paradisiacal flower variety, (Zhan et al., 2010), but slightly lower than the limiting contents found in banana peels and pulps determined by Shaida et al. (2011). In summary, the peel had a higher content of minerals than the pulp and the potassium content was lower to banana fruits and other tropical fruits such as pears, blueberries, and grapes (Department of Health, 2013).




CHAPTER FIVE
5.0 				CONCLUSION AND RECOMMENDATION
5.1 	CONCLUSION
In conclusion, the present study manifests that banana stem water possesses rich nutraceutical properties because of the presence of various bioactive ingredients with numerous benefits. It provides evidence that banana stem water is rich in minerals and antioxidants (phytochemicals) and hence could be used in the human diet. The beneficiary properties are mainly derived from their minerals and proteins (amino acids). Furthermore, as a rich source of phytochemicals, minerals and vitamins reside in banana pesudostem; they can be further evaluated for use as a key ingredient for valuable drugs. These could also be used in the development of a nutritional supplement because of their health‑related properties of dietary fiber and associated bioactive compounds. 
In addition to the strong basis provided by the mineral aspects of banana stem water, their potential as antioxidants has also been confirmed by a series of other studies which included different methods of extraction as well as different assays to determine their antioxidant potential. To summarize on the whole, this study reinforces the concept that banana stem water are potent sources of several biologically active ingredients and also possess rich antioxidant property.   
5.2	RECOMMENDATION
Further work could be done to isolate specific secondary metabolites present in banana stem water and structurally elucidate them. The nutritional composition (proximate analysis) of banana stem water and possibly microbial contents of the pseudostem (banana stem water) could be analysed.
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