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Phytochemical analysis, Proximate, Amino acid profile, and Free Radical Scavenging activity of Pseudo stem and Exudate from Musa paradisiaca (Plantain) Cultivated in Nigeria 

Abstract
Plantain (Musa paradisiaca) is an important tropical crop used for food and traditional medicine. In addition to the fruit, the pseudo-stem and exudate (sap) have medicinal benefits such as anti-inflammatory, wound-healing, and antioxidant properties. This study evaluated the composition of the pseudo-stem fibre and exudate to determine their nutritional and pharmacological value. Laboratory analyses included proximate composition, mineral content, phytochemical screening, antioxidant activity, and amino acid profiling using standard scientific methods. Results revealed that plantain exudate (PEX) had very high moisture content (88.46%), low fibre (4.14%), carbohydrate (2.59%), fat and oil (1.50%), and ash (0.93%), whereas the plantain pseudo-stem (PPS) contained high carbohydrate (62.59%), moderate moisture (21.06%), high fibre (10.68%), ash (2.43%), and very low fat and oil (0.79%). PEX contained several bioactive compounds, with the most abundant being resveratrol (51.46 nmol/l), gallocatechin (37.40 nmol/l), and tangeretin (45.09 nmol/l), while PPS exhibited higher concentrations of similar compounds, especially kaempferol (91.34 nmol/l), vanillic acid (117.06 nmol/l), daidzein (24.27 nmol/l), and butein (21.42 nmol/l). Mineral analysis showed that PPS contained higher levels of iron (1.4439 ppm), sodium (5.2567 ppm), manganese (0.673 ppm), potassium (12.2893 ppm), calcium (11.894 ppm), and magnesium (7.229 ppm), while PEX had higher zinc (1.6161 ppm), copper (0.1057 ppm), and phosphorus (12.278 ppm). Sulphur content was also higher in PPS (2.861%) than PEX (1.892%). Amino acid composition revealed serine as the most abundant in both PEX (52.53 mg/100 g; 499.82 μmol/l) and PPS (59.75 mg/100 g; 568.55 μmol/l), with PPS generally showing higher amino acid concentrations, including elevated tyrosine (45.49 μmol/l) and tryptophan (7.41 μmol/l). Overall, PPS demonstrated higher nutrient density, mineral richness, and bioactive potency, whereas PEX contained moderate levels of amino acids and distinct phytochemicals with therapeutic potential. These findings indicate that the pseudo-stem and exudate of Musa paradisiaca exhibit significant nutritional richness, beneficial phytochemicals, and potent antioxidant properties.
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Introduction
Plantain (Musa paradisiaca) is a prominent tropical fruit crop cultivated extensively across Africa, Asia, and Latin America. It belongs to the Musaceae family and has a wide range of culinary and medicinal uses. While the fruit is a common food staple in many tropical regions, other parts of the plant, including the pseudo-stem, have attracted interest for traditional and potential functional uses (Singh et al., 2016; Ramírez-Bolaños et al., 2021). This growing interest in the non-fruit parts of the plant has led to increasing scientific investigation into their nutritional, phytochemical, and pharmacological profiles. A recent formulation study examined banana pseudostem extract as an ingredient in a whey-based beverage, indicating interest in the food-related use of this underutilised plant material (Pious et al., 2025).
The pseudo-stem of Musa paradisiaca is the thick trunk-like structure formed by tightly packed leaf sheaths. The pseudo-stem has been studied as an underutilised material containing potentially useful nutritional and bioactive constituents (Ramírez-Bolaños et al., 2021). The exudate, on the other hand, refers to the sap or fluid secreted from wounds or cuts made on the plant. Banana central pseudo-stem juice has been investigated for phytochemical and antioxidant activity, although those results do not establish the clinical efficacy or safety of plantain exudate (Koodkaew et al., 2021). Despite these traditional applications, scientific data on their proximate and bioactive compositions, antioxidant capacities, and toxicological safety are limited, thus necessitating a comprehensive evaluation. Phenolic constituents and in vitro antioxidant responses have also been characterised in microencapsulated extracts derived from banana pseudostems and inflorescences (Gayathry & John, 2024).
Proximate analysis provides essential information on the nutritional composition of plant materials, including moisture, ash, crude protein, crude fat, fibre, and carbohydrate contents. These parameters are crucial in determining the potential of a plant-based material as a food supplement or therapeutic agent (AOAC International, 2016). For example, banana pseudo-stem has been reported to contain dietary fibre and associated antioxidant constituents, supporting further investigation of food applications (Bhaskar et al., 2012). Studies of banana pseudo-stems have reported phenolic and flavonoid constituents associated with in vitro antioxidant activity (Saravanan & Aradhya, 2011a). Juice obtained from banana central pseudo-stems has also been investigated for phytochemical constituents and antioxidant responses (Koodkaew et al., 2021). Studies of banana pseudo-stem extracts have reported antioxidant activity associated with their phenolic composition (Saravanan & Aradhya, 2011a; Gayathry & John, 2024). Comparative work on unripe plantain peel and pulp has documented differences in their proximate composition and functional properties, emphasising the importance of distinguishing the plant tissues under investigation (Ayorinde et al., 2026). The incorporation of encapsulated banana pseudostem extract into a buttermilk formulation has also been studied as a means of investigating its food-related applications (Rehman et al., 2025). The measured phenolic content and antioxidant activity of banana pseudostem flour have been shown to respond to ultrasonication, further demonstrating the relevance of sample processing to analytical outcomes (Thakur & Srivastava, 2026).
Recent work has examined banana pseudostem-derived cellulose as a material for topical drug delivery (Bhatia et al., 2026). However, such formulation work does not establish the toxicological safety of crude plantain pseudo-stem or exudate. A separate review has examined the composition and possible uses of plantain peel, which is a distinct tissue (Peres et al., 2026). The relevance of this study is underscored by the growing interest in developing low-cost, plant-based therapeutics, especially in developing countries where access to conventional medicine may be limited. By exploring the nutritional and pharmacological potential of underutilised plant parts like the pseudo-stem and exudate, this research contributes to sustainable health practices and the valorisation of agricultural waste.
Research gap
Although the studies discussed above address the composition or processing of individual plantain tissues and pseudo-stem products, they do not directly compare the pseudo-stem and exudate across the complete range of nutritional, phytochemical, amino acid and in vitro antioxidant measurements undertaken in the present investigation.
Objective of the study
The objective of this study was to compare the proximate composition, mineral content, phytochemical constituents, amino acid profiles and in vitro antioxidant activities of the pseudo-stem and exudate of Musa paradisiaca collected in Rivers State, Nigeria.
Methodology
Plant Materials
Pseudo-stem of Musa paradisiaca: Fresh pseudo-stem was collected from healthy plantain plants in Rumueheleze Community in Obio-Akpor Local Government of Rivers State. Exudate (sap) of Musa paradisiaca: Milky sap was collected by making incisions at the base of the pseudo-stem and allowing the exudate to flow into clean containers.
 Reagents
All chemicals and reagents used in this study were of analytical grade and obtained from certified suppliers to ensure accuracy, precision, and reliability of experimental results. 
Laboratory Animals
Wistar albino rats (male and female) weighing between 100 and 150 g were obtained from a certified animal facility. Standard feed and water were provided ad libitum. Animals were acclimatised for 7 days before the commencement of the study.
Sample Collection and Preparation
Fresh pseudo-stems and exudates of Musa paradisiaca (plantain) were collected in Rumueheleze Community in Obio-Akpor Local Government of Rivers State. They were cut into smaller pieces and oven-dried at 45–50°C to a constant weight and then pulverised with the aid of a Marlex Excellent grinder (Mumbai, India). The ground samples were then passed through a sieve of 0.5 mm pore size to obtain a fine uniform powder. The powdered samples were kept in an airtight container until required. The plantain plants selected were at least 10 months old and had not been previously treated with pesticides or chemical fertilisers to avoid contamination of samples. The pseudo-stem was harvested by carefully cutting the plant just above the corm level using a clean, stainless-steel knife. The exudate (latex) was collected directly from the base and inner tissues of the cut pseudo-stem into sterile amber bottles to prevent light-induced degradation of sensitive compounds. All samples were transported immediately to the laboratory in an ice-filled cooler to preserve their integrity during transit. 
Preparation of the Pseudo-Stem Sample
The pseudo-stem was thoroughly rinsed with distilled water to remove soil, debris, and other extraneous materials. It was then sliced into small sections and further chopped into smaller pieces to facilitate drying. The samples were shade-dried at ambient temperature for 5–7 days to reduce moisture content while minimising the loss of heat-sensitive bioactive compounds. After pre-drying, samples were oven-dried at 45–50°C for 24–48 hours until constant weight was achieved. The dried samples were ground into a fine powder using a laboratory blender and sieved through a 0.5 mm mesh to obtain a uniform particle size. The powdered sample was stored in labelled airtight glass containers and kept in a cool, dry place away from light and moisture until further analysis.
Preparation of the Exudate (Sap) Sample
The freshly collected plantain exudate was filtered through a clean muslin cloth to remove fibrous residues and particulate matter. A portion of the raw exudate was used immediately for phytochemical and toxicity studies, while another portion was preserved. For storage, the filtered sap was aliquoted into sterilized amber vials and stored at −4°C to prevent microbial growth and chemical degradation. Before use in antioxidant and biochemical assays, the sap was diluted or lyophilised according to the requirements of the method (Plate 1).
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Plate 1: Plantain Stem cut into varying sizes
Determination of proximate composition
Proximate analysis of the samples was performed to determine its ash, moisture, lipid, crude protein, crude fibre, and carbohydrate composition (AOAC International, 2016).

Determination of Protein composition
Three grams of Kjeldahl digestion catalyst, 20 ml of 1.25% concentrated H2SO4 and a small quantity of anti-bumping agent were added to 1.0g of the sample in a 100ml Kjeldahl digestion flask. The flask was heated until foaming stopped and the contents were completely liquefied. Heating was further intensified, with occasional rotation of the flask, until the colour of the contents changed from ash to blue-green/pale green. The contents were cooled and transferred to a 100 ml volumetric flask, which was filled to capacity with distilled water. Twenty millilitres of the diluted digest was transferred into a 150 ml distillation flask containing some anti-bumping chips. The flask was then connected to a condenser with a receiver connected to a Buchner funnel placed in a 400ml beaker containing 10 ml of 2% boric acid solution into which 2 drops of methyl red-methylene blue (double indicator) were added. The flask was then charged with 20 ml of 40% NaOH solution. When the colour of the boric acid in the receiver flask changed from purple to pale green and the volume in the beaker was almost equal to the original volume, the distillation was stopped. The ammonia was then released into the boric acid solution. The boric acid-ammonia distillate was titrated with 0.1M hydrochloric acid. The appearance of a pink colouration marked the end of the titration. The nitrogen content, which is used to calculate the protein content, was then calculated using the titre value.
Determination of Ash composition
A clean petri dish was weighed and 1.0g of the sample was added to it. The petri dish and its content were then placed in a muffle furnace for 4 hours at 550 oC. The contents were then cooled in the desiccator, and the heating and cooling cycle was repeated until a steady weight was achieved. The weight of the Petri dish and residue was recorded and used to estimate the ash content.
Determination of Lipid composition
Two hundred and fifty millilitre extraction flasks were dried in the oven and cooled to laboratory temperature and then weighed. Two hundred and fifty millilitres of petroleum ether was transferred to the flasks. About 0.25 g of the sample was placed in the condenser of the Soxhlet extractor, in labelled porous thimbles, and then extracted for 4 hours. The thimbles were carefully removed, and the petroleum ether was collected for reuse. The extraction flask containing the oil was dried in the oven at 105 oC for 1 hour. The flask containing the dried oil was cooled and weighed, and the measurements were used to calculate the lipid composition.
Determination of Crude Fibre composition
Two hundred millilitres of 1.25% H2SO4 was added to 2 g of pulverised sample in a 1 L conical flask and allowed to boil for 30 minutes. The contents were then filtered through a Buckner funnel and rinsed with deionized water. Two hundred millilitres of 1.25% boiling NaOH was added to the filtrate, gently boiled for another 30 minutes, and then filtered again. Hot deionized water, 10% HCl, and dimethyl ether were respectively used to wash the residue, which was subsequently oven-dried at 110 oC for 12 hours. The residue was then cooled, weighed and later heated at 550 oC for 90 minutes to ash. Finally, the ash was cooled and weighed, and the fibre content was calculated.
Determination of Total Carbohydrate composition 
The carbohydrate contents of pseudo-stem (PPS) and exudate (PEX) were determined using the Cleg Anthrone method as described by AOAC International (2016). A sample weighing 0.1 g was added to a 25 ml volumetric flask. One millilitre of distilled water and 1.3ml 62% ferchloric acid were added and homogenised for 20 minutes. The flask was filled to the 25 ml mark with distilled water and stoppered. The solution formed was filtered. One millilitre of the filtrate was collected and transferred to a 10 ml test tube and the volume was made up to 10 ml with distilled water. One millilitre of the solution was pipetted into a clean test tube and 5 ml of anthrone reagent was added and mixed. The whole mixture was read at a wavelength of 630 nm using 1 ml distilled water and 5 ml anthrone reagent prepared as the blank. The absorbance of the glucose standard was measured and the value of the carbohydrate as glucose was calculated using the formula below:
%carbohydrate as glucose = 25 x absorbance of sample / absorbance of standard x 1.
Phytochemical Analysis
Aqueous Extraction
The extract was first filtered using gauze and then with Whatman filter paper No. 1. The remaining residue was re-macerated twice for a further 72 hours and filtered to extract the remaining bioactive components. The filtrates were subsequently concentrated in a rotary evaporator and the concentrated filtrate was frozen in a freezer and dried in a lyophiliser.
A gas chromatograph with Agilent 5975 Mass Selective Detector (G.C/MS• Agilent 6890N) was used to analyse the bioactive compounds. The mass spectrum of each unknown component was compared with the spectra of known components stored in the NIST library. Major components were identified with authentic standards and were recorded from computerised libraries film thickness with reference to published GC–MS identification approaches (Omeje & Onyegeme-Okerenta, 2025).
Determination of Amino Acids Analysis Using HPLC
The HPLC equipment consisted of an Agilent 6890 Technologies USA apparatus comprising an 8700 XR ternary pump, a 20-μL Rheodyne (Cotati, CA) injection loop, an SP8792 column heater, a FID detector, and a 4290-integrator linked via Labnet to a computer running WINner 8086 software (operating system, MS.DOS version 3.2). For separation, a 250- × 4.6-mm column was packed with 5-μm Spherisorb C18 (Sugelabor, Madrid, Spain).
Determination of Mineral Compositions
A 5 mL aliquot of the sample was transferred to a digestion flask. A mixture of concentrated nitric acid and hydrochloric acid (in a 3:1 ratio, aqua regia) was added to each sample. The mixture was gently heated on a hot plate until complete digestion was achieved (clear solution) (Messele et al., 2024). After cooling, the digested samples were diluted with deionized water and filtered into a 50 mL volumetric flask, and then made up to volume with deionized water. These were the working solutions for FAAS analysis. Mineral analysis was conducted using a Flame Atomic Absorption Spectrophotometer (FAAS). Each element was measured using its specific hollow cathode lamp and wavelength under optimised conditions. The instrument was calibrated daily using standard solutions prepared from certified metal stock solutions.
In vitro Free Radical Scavenging Assays
DPPH Scavenging Effects 
The scavenging ability of the natural antioxidants of the extracts towards the stable free radical DPPH was measured using a DPPH radical method described by Brand-Williams et al. (1995). The PPS and PEX samples (20μl) were added to 0.5ml of 0.1mM methanolic solution of DPPH and 0.48 ml of methanol. The mixture was allowed to react at room temperature for 30 minutes. Methanol served as the blank, and DPPH in methanol, without the leaf samples, served as the positive control, while butylated hydroxytoluene (BHT) served as the reference. After 30 minutes of incubation, the discolouration of the purple colour was measured at 518 nm in a spectrophotometer (Genesys 10-S, USA). The radical scavenging activity was calculated as follows: 
Where: 
A0 = absorbance of the blank (control) 
As = absorbance of the sample 
ABTS Scavenging Effects 
The antioxidant effect of the PPS and PEX samples was studied using ABTS (2,2'-azino-bis- 3-ethyl benzthiazoline-6-sulphonic acid) radical cation decolourisation assay according to the method of Re et al. (1999), with assay chemistry reviewed by Ilyasov et al. (2020). ABTS radical cations (ABTS+) were produced by reacting ABTS solution (7mM) with 2.45mM ammonium persulphate. The mixture was allowed to stand in the dark at room temperature for 12–16 hours before use. Aliquots (0.5ml) of the different samples were added to 0.3ml of ABTS solution, and the final volume was made up to 1ml with ethanol. The absorbance was read at 745nm in a spectrophotometer (Genesys 10-S, USA), and the percentage inhibition was calculated using the formula Inhibition (%) = (Control – test) × 100 
Measurement of Hydroxyl Radical Scavenging Activity 
The extent of hydroxyl radical scavenging in the Fenton reaction was quantified using 2'-deoxyribose oxidative degradation. The reaction mixture contained 0.1ml of deoxyribose, 0.1 ml of FeCl3, 0.1 ml of EDTA, 0.1 ml of H2O2, 0.1 ml of ascorbate, 0.1 ml of KH2PO4-KOH buffer and 20 L of sample in a final volume of 1.0 ml. The mixture was incubated at 37 °C for 1 hour. At the end of the incubation period, 1.0 mL of TBA was added and heated at 95 °C for 20 minutes to develop the colour. After cooling, TBARS formation was measured spectrophotometrically (Genesys 10-S, USA) at 532 nm against an appropriate blank. The hydroxyl radical scavenging activity was determined by comparing the absorbance of the control with that of the samples. The percentage TBARS production for the positive control (H2O2) was set at 100%, and the relative percentage TBARS was calculated for the sample-treated groups (Halliwell et al., 1987). 
Ferric Reducing Antioxidant Power (FRAP) 
The FRAP reagent was prepared by mixing acetate buffer (300 mM, pH 3.6), TPTZ (10 mM), and FeCl₃ (50 mM) in a 10:1:1 ratio. Seventy-five μL of the extract was added to 2 mL FRAP reagent, and absorbance was read at 593 nm. Results were expressed as mg vitamin C equivalent per gram of dried extract (Benzie & Strain, 1996; Pulido et al., 2000). 
Phosphomolybdenum Antioxidant Power (PAP) 
The phosphomolybdenum antioxidant power (PAP) assay was used to evaluate the total antioxidant capacity of the PPS and PEX extracts. An aliquot of the extract (usually 0.1–0.3 mL) was mixed with 1 mL of reagent solution containing 0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate. The reaction mixture was incubated at 95°C for 90 minutes. After cooling to room temperature, the absorbance was measured at 695 nm. Ascorbic acid was used as the standard. Results were expressed as ascorbic acid equivalents (AAE) (Prieto et al., 1999). 
Iron Chelating Inhibition 
The sample preparation was done by preparing a range of extract concentrations. Equal volumes of extract were mixed with phosphate buffer (0.2 M, pH 6.6) and potassium ferricyanide (0.1–1% w/v). The mixture was incubated at 50 °C for 20 minutes to allow Fe³⁺ → Fe²⁺ reduction. For the reaction termination, an equal volume was added to stop the reaction and centrifuged (2,000–3,000 rpm, 10 minutes) to pellet any debris. For colour development, the supernatant was transferred and mixed with water and ferric chloride solution (FeCl₃: 0.01–1% v/v). Absorbance was measured. Garlic acid was used as a positive control, and the standard included blanks with all reagents but no extract. Higher absorbance means stronger reducing power (Malik et al., 2020; Pulido et al., 2000).  
Nitric Oxide Scavenging Assay 
Nitric oxide scavenging was assessed using the Griess reagent method. A reaction mixture containing 2 mL of 10 mM sodium nitroprusside in phosphate buffer and 0.5 mL of extract was incubated for 1 h at 37°C. After incubation, 1 mL of Griess reagent was added, and absorbance was measured at 540 nm (Marcocci et al., 1994). 
Statistical Analysis
All experimental data were expressed as mean ± standard deviation (SD) of triplicate determinations. GraphPad Prism version 10.4.2 was used to analyse the data. Following a one-way analysis of variance (ANOVA) to compare the means of more than two groups, Tukey's multiple comparison test was used as a post hoc analysis to identify differences between groups. Student's t-test was used where required for pairwise comparisons. A p-value of less than 0.05 (p < 0.05), which denotes a 95% confidence level, was deemed statistically significant in every instance.
Results and Discussion
Proximate Composition of Plantain Pseudo Stem (PPS) and Plantain Exudates (PEX)
Figures 1 and 2 present the proximate compositions of PPS and PEX, indicating that carbohydrate (62.59%) and moisture (88.46%), respectively, were the most abundant components. High moisture content in PEX suggests that the exudate is largely water-based. Other components were present in smaller proportions, including fibre in PPS (10.68%) and PEX (4.14%), carbohydrate in PEX (2.59%), moisture in PPS (21.06%), fat and oil in PPS (0.79%) and PEX (1.50%), and ash in PPS (2.43%) and PEX (0.93%). The high moisture content implies that PEX is perishable and has a low concentration of dry matter, while the low levels of ash, fat and oil, and carbohydrate suggest minimal mineral, fat, and energy content, respectively. Overall, the PPS composition suggests it is nutrient-dense, with high carbohydrate and fibre content but minimal fat.
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Bioactive Compounds identified in Plantain Pseudo Stem (PPS) and Plantain Exudates (PEX)

The bioactive profile of PEX revealed the presence of diverse phytochemicals with significant antioxidant and therapeutic potential (Table 1). The major compounds identified included tangeretin (45.09 nmol/l), resveratrol (51.46 nmol/l), and gallocatechin (37.40 nmol/l), which were the most abundant, indicating strong phenolic and flavonoid content. These compounds are known for their anti-inflammatory, antioxidant, and anticancer activities. Other notable bioactive compounds, such as luteolin, daidzin, hesperidin, and artemetin were also detected in moderate concentrations, reflecting the exudate’s rich polyphenolic nature.
Table 1: Bioactive Compounds identified in Plantain Exudate (PEX)

	Compounds
	Area (PAs)
	Retention
time (min)
	Amt/Area (PPM)
	Molecular weight
	Molecular formula
	Bioactive
concentration (nmol/l)

	Quercetin
	12.497
	5.260
	1.748
	302.24
	C15H10O7
	5.78

	Flavone
	13.136
	5.996
	1.838
	222.24
	C15H10O2
	8.27

	Luteolin
	21.505
	6.690
	3.014
	286.24
	C15H10O6
	10.53

	Daidzin
	27.065
	6.931
	3.801
	416.38
	C21H20O9
	9.13

	Artemetin
	19.964
	7.294
	2.798
	388.37
	C20H20O8
	7.20

	Retusin
	17.965
	7.848
	2.517
	358.34
	C19H18O7
	7.02

	Catechin
	2.322
	8.097
	0.318
	290.27
	C15H14O6
	1.09

	Ellagic acid
	10.487
	8.539
	1.465
	302.19
	C14H6O8
	4.85

	Vanillic
	3.537
	8.866
	0.488
	168.15
	C8H8O4
	2.90

	Naringenin
	3.885
	9.150
	0.537
	272.26
	C15H12O5
	1.97

	Apigenin
	1.590
	9.418
	0.202
	270.05
	C15H10O5
	0.75

	Hesperidin
	34.611
	9.645
	4.856
	610.56
	C28H34O15
	7.95

	Isorhamnetin
	1.107
	10.220
	0.146
	316.26
	C16H12O7
	0.46

	Myricetin
	5.327
	10.604
	0.739
	318.24
	C15H10O8
	2.32

	Epicatechin
	1.294
	10.870
	0.171
	290.27
	C15H14O6
	0.59

	Daidzein
	4.738
	11.276
	0.655
	254.24
	C15H10O4
	2.58

	Genistein
	5.201
	11.708
	0.708
	270.24
	C15H10O5
	2.62

	Linamarin
	3.692
	12.213
	0.508
	309.32
	C18H15NO4
	1.64

	Apigenin
	6.169
	12.339
	0.856
	270.05
	C15H10O5
	3.17

	Gallocatechin
	81.568
	12.878
	11.455
	306.27
	C15H14O7
	37.40

	Resveratrol
	83.663
	13.320
	11.745
	228.25
	C14H12O3
	51.46

	Tangeretin
	119.48
	13.528
	16.790
	372.37
	C20H20O7
	45.09

	Epicatechin
	81.064
	13.922
	11.393
	290.27
	C15H14O6
	39.25

	Naringin
	20.998
	14.124
	2.932
	580.53
	C27H32O14
	5.05


PEX: Plantain Exudate
The PPS extract exhibited a rich array of bioactive compounds, with kaempferol (91.34 nmol/l), vanillic acid (117.06 nmol/l), daidzein (24.27 nmol/l), and butein (21.42 nmol/l) being the most prominent. These high levels of phenolic acids and flavonoids indicate potent antioxidant and anti-inflammatory properties. Compared to PEX, PPS displayed higher concentrations of structural and antioxidant flavonoids such as ferulic acid, ellagic acid, and tangeretin, suggesting stronger radical-scavenging capacity (Table 2). 
Mineral Composition (ppm) of in Plantain Pseudo Stem (PPS) and Plantain Exudates (PEX)
The results in Table 3 shows that both the plantain pseudo-stem and exudate contain essential minerals in varying amounts. The pseudo-stem recorded higher levels of iron, sodium, manganese, potassium, calcium, and magnesium, while the exudate had higher concentrations of zinc, copper, and phosphorus. The differences in most minerals were statistically significant (p < 0.05), except for sodium and potassium, which were not significant (p > 0.05).
Sulphur Content (%) of PPS and PEX
The sulphur content of the PPS (2.861 ± 0.002%) was significantly higher (p = 0.047) than that of the PEX (1.892 ± 2.22%).
Amino Acid Composition of Plantain Exudate (PEX) and Plantain Pseudo-Stem (PPS)
The amino acid composition of PEX revealed the presence of both essential and non-essential amino acids, with serine (52.53 mg/100 g; 499.82 μmol/l) being the most abundant, followed by proline, arginine, histidine, and valine (Table 4). The amino acid profile of PPS was similar to that of PEX but with generally higher concentrations of key amino acids such as serine (59.75 mg/100 g; 568.55 μmol/l), tyrosine (45.49 μmol/l), and proline (87.14 μmol/l), highlighting its richer proteinaceous nature (Table 5).
Table 2: Bioactive Compounds identified in Plantain Pseudo Stem (PPS)

	Compounds
	Area
(PAs)
	Retention
time
	Amt/Area
(PPM)
	Molecular
weight
	Molecular
formula
	Concentration
(nmol/l)

	Kaempferol
	210.53
	2.617
	26.146
	286.24
	C15H10O6
	91.34

	Catechin
	129.44
	3.055
	18.326
	290.27
	C15H14O6
	63.13

	Quercetin
	5.963
	4.567
	0.826
	303.24
	C15H10O7
	2.72

	Genistein
	6.571
	4.768
	0.926
	270.24
	C15H10O5
	3.43

	Luteolin
	7.407
	6.160
	3.616
	286.24
	C15H10O6
	12.63

	Ferullic acid
	37.416
	6.379
	5.404
	194.18
	C10H10O4
	27.82

	Artemetin
	4.362
	7.069
	0.603
	388.37
	C20H20O8
	1.55

	Gallocatechin
	1.619
	7.282
	0.211
	306.27
	C15H14O7
	0.69

	Flavone
	6.360
	7.459
	0.885
	222.24
	C15H10O2
	3.98

	Reveratrol
	14.593
	7.630
	3.167
	228.25
	C14H12O3
	13.88

	Linamarin
	5.537
	7.884
	0.736
	309.32
	C18H15NO4
	2.38

	Retusin
	2.627
	8.010
	0.326
	308.34
	C19H18O7
	0.91

	Nobiletin
	1.128
	8.517
	0.156
	402.39
	C21H22O8
	0.39

	Ellagic acid
	9.342
	8.880
	5.867
	302.19
	C14H6O8
	19.41

	Tangeretin
	10.893
	9.326
	6.675
	372.37
	C20H20O7
	17.93

	Epicatechin
	3.838
	9.742
	0.529
	290.27
	C15H14O6
	1.82

	Vanillic
	130.067
	9.905
	19.683
	168.15
	C8H8O4
	117.06

	Hesperidin
	5.211
	10.130
	0.724
	610.56
	C28H34O15
	1.19

	Butein
	9.282
	10.295
	5.833
	272.25
	C15H12O5
	21.42

	Apigenin
	1.651
	10.425
	0.285
	270.05
	C15H10O5
	1.05

	Naringenin
	4.503
	11.168
	0.686
	272.26
	C15H12O5
	2.52

	Myricetin
	5.264
	11.477
	0.778
	318.24
	C15H10O8
	2.44

	Hesperidin
	2.891
	11.769
	0.385
	610.56
	C28H34O15
	0.63

	Daidzin
	3.363
	12.310
	0.486
	416.38
	C21H20O9
	1.17

	Isorhamnetin
	2.446
	12.563
	0.395
	316.26
	C16H12O7
	1.25

	Myricetin
	1.872
	13.038
	0.257
	318.24
	C15H10O8
	0.81

	Epicatechin
	3.237
	13.483
	0.444
	290.27
	C15H14O6
	1.53

	Daidzein
	27.886
	14.101
	6.171
	254.24
	C15H10O4
	24.27


PPS: Plantain Pseudo Stem
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Table 3: Mineral Composition (ppm) of Plantain Pseudo-Stem and Exudate

	
	Minerals (ppm)

	
	Fe
	Zn
	Na
	Mn
	Cu
	K
	Ca
	Mg
	P

	PPS
	1.444 ±0.00
	0.923±0.00
	5.257 ±0.0016
	0.673 ±0.0001
	0.068±0
	12.289 ±0.002
	11.894 ±0.002
	7.229 ±0.002
	9.471 ±0.001

	PEX
	0.939 ±0.00
	1.616± 0.00
	4.981 ±0.00
	0.488 ±0.00
	0.106 ±0.00
	11.228 ±0.00
	9.278±0.00
	6.498±0.00
	12.278±0.00

	P. value
	0.041*
	0.032*
	0.057ns
	0.049*
	0.022*
	0.063ns
	0.038*
	0.044*
	0.029*


Fe – Iron, Zn – Zinc, Na – Sodium, Mn – Manganese, Cu – Copper, K – Potassium, Ca – Calcium, Mg – Magnesium, P – Phosphorus Values with * superscript are significant
Nitric Oxide Scavenging Activity of Plantain Pseudo-Stem, and Plantain Exudate Extracts
Figure 3 illustrates the nitric oxide scavenging activity, expressed as absorbance, of garlic, Plantain Pseudo-Stem, and Plantain Exudate extracts across concentrations ranging from 5 to 80 mg/ml. Among the three extracts, Garlic exhibited the highest absorbance values, indicating stronger NO scavenging or modulation activity. Its absorbance increased progressively from approximately 0.10 at 5 mg/ml to a peak of about 0.31 at 20 mg/ml, suggesting maximum efficacy at this concentration before plateauing. The PEX sample showed moderate activity, with absorbance values increasing steadily from around 0.18 at 10 mg/ml to about 0.26 at 80 mg/ml, implying concentration-dependent NO scavenging potential. Conversely, The PPS sample displayed the lowest absorbance across all concentrations (≈0.10–0.14), indicating relatively weak nitric oxide scavenging ability.
Hydroxyl Radical Scavenging Activity of Plantain Pseudo-Stem, and Plantain Exudate Extracts
Figure 4 shows the hydroxyl radical scavenging activity (%) of garlic, Plantain Pseudo-Stem (PPS), and Plantain Exudate (PEX) extracts across concentrations ranging from 5 to 80 mg/ml. Garlic extract demonstrated the highest scavenging activity at all concentrations, with values increasing from approximately 63% at 5 mg/ml to a peak of about 80% at 20 mg/ml, indicating a strong antioxidant potential against hydroxyl radicals. The PEX sample showed moderate but steady activity, rising from approximately 60% at 10 mg/ml to about 70% at 80 mg/ml, suggesting concentration-dependent antioxidant efficiency. PPS extract exhibited the lowest scavenging activity across the concentrations, starting at about 47% at 10 mg/ml and gradually increasing to approximately 63% at 80 mg/ml. The overall pattern indicates that while all three extracts possess hydroxyl radical scavenging abilities, garlic extract is the most effective antioxidant, followed by PEX and then PPS. 







Table 4: Amino Acid Composition of Plantain Exudate (PEX)

	Compound
	Retention time (mins)
	Amount(mg/mol)
	Molecular weight (g/mol)
	Molecular Formula
	Amino Acid concentration (μmol/l)

	Alanine
	2.533
	0.425
	89.09
	C3H7NO2
	4.77

	Serine
	3.095
	52.527
	105.09
	C3H7NO3
	499.82

	Proline
	4.895
	10.032
	115.13
	C5H9NO2
	87.14

	Arginine
	4.945
	6.953
	174.20
	C6H14N4O2
	39.91

	Histidine
	5.211
	6.960
	155.15
	C6H9N3O2
	44.86

	Valine
	5.654
	7.388
	117.15
	C5H11NO12
	63.06

	Threonine
	5.990
	3.063
	119.12
	C4H9NO3
	25.71

	Isoleucine
	6.188
	4.250
	131.17
	C6H13NO2
	32.40

	Leucine
	6.467
	1.873
	131.17
	C6H13NO2
	14.28

	Aspartate
	6.935
	2.551
	133.10
	C4H7NO4
	19.17

	Lysine
	7.999
	0.648
	146.19
	C6H14N2O2
	4.43

	Methionine
	9.843
	0.539
	149.21
	C5H11NO2S
	3.61

	Tyrosine
	11.112
	0.724
	181.19
	C9H11NO3
	3.99

	Tryptophan
	13.132
	1.331
	204.23
	C11H12N2O2
	6.52

	Cystine
	14.317
	0.306
	240.30
	C6H12N2O4S2
	1.27



Table 5: Amino Acid Composition of Plantain Pseudo-Stem (PPS)

	Compound
	Retention time (mins)
	Amount (mg/mol)
	Molecular weight (g/mol)
	Molecular formula
	Amino Acid Concentration
(μmol/l)

	Alanine
	2.997
	0.484
	89.09
	C3H7NO2
	5.432

	Serine
	3.456
	59.749
	105.09
	C3H7NO3
	568.55

	Proline
	4.895
	10.032
	115.13
	C5H9NO2
	87.14

	Arginine
	4.945
	6.953
	174.20
	C6H14N4O2
	39.91

	Histidine
	5.211
	6.960
	155.15
	C6H9N3O2
	44.86

	Valine
	5.654
	7.388
	117.15
	C5H11NO12
	63.06

	Threonine
	5.990
	3.063
	119.12
	C4H9NO3
	25.71

	Isoleucine
	6.188
	4.250
	131.17
	C6H13NO2
	32.40

	Leucine
	6.467
	1.872
	131.17
	C6H13NO2
	14.27

	Aspartate
	6.935
	2.551
	133.1
	C4H7NO4
	19.17

	Lysine
	7.999
	0.648
	146.19
	C6H14N2O2
	4.43

	Methionine
	9.843
	0.539
	149.19
	C5H11NO2S
	3.61

	Tyrosine
	11.332
	8.242
	181.19
	C9H11NO3
	45.49

	Tryptophan
	13.278
	1.514
	204.23
	C11H12N2O2
	7.41

	Cystine
	14.546
	0.348
	240.30
	C6H12N2O4S2
	1.45
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Figure 3: Nitric Oxide Scavenging Activity of Plantain Pseudo-Stem, and Plantain Exudate Extracts at Different Concentrations

Figure 4: Hydroxyl Radical Scavenging Activity of Garlic, Plantain Pseudo-Stem, and Plantain Exudate Extracts 
DPPH Scavenging Activity of BHT, Plantain Pseudo-Stem, and Plantain Exudate Extracts 
Figure 5 illustrates the DPPH radical scavenging activity of BHT (standard antioxidant), plantain pseudo-stem and plantain exudate extracts at varying concentrations (mg/ml). The results show a sharp increase in scavenging activity from 0 to 10 mg/ml for all samples, after which the activity plateaued. BHT exhibited the highest scavenging activity (~100%) across all concentrations, serving as a strong reference antioxidant. Both PPS and PEX showed considerable scavenging activity, reaching about 82–85%, which indicates substantial antioxidant potential. Although their activities were slightly lower than BHT, the similar trend across concentrations suggests that the antioxidant components in PPS and PEX are effective and concentration-dependent, highlighting their potential as natural antioxidant sources.

Figure 5: DPPH Scavenging Activity of Plantain Pseudo-Stem, and Plantain Exudate Extracts 

FRAP Inhibition Activity of Plantain Pseudo-Stem, and Plantain Exudate Extracts
Figure 6 presents the FRAP activity of Garlic, Plantain Pseudo-Stem, and Plantain Exudate extracts at different concentrations (mg/ml). The results show that the antioxidant activity increased progressively with concentration for all the samples, indicating a concentration-dependent response. Garlic exhibited the highest FRAP inhibition across all concentrations, reflecting its strong reducing power and high antioxidant potential. PPS and PEX also demonstrated appreciable ferric-reducing abilities, though slightly lower than that of garlic, suggesting that both contain bioactive compounds capable of donating electrons to neutralise free radicals.

Figure 6: FRAP Inhibition Activity of Garlic, Plantain Pseudo-Stem, and Plantain Exudate  

PAP Scavenging Activity of Plantain Pseudo-Stem, and Plantain Exudate Extracts 
The peroxide scavenging assay showed a concentration-dependent increase in scavenging activity for all samples. Garlic extract had the highest peroxide inhibition throughout, indicating high antioxidant defence against reactive oxygen species. PEX extract exhibited moderate activity, showing a steady rise with increasing concentration, signifying good hydrogen peroxide neutralization (Figure 7). PPS extract demonstrated comparatively low inhibition, highlighting weaker peroxide quenching ability. This pattern reinforces that the antioxidant potential of the extracts correlates with their phytochemical composition, particularly the abundance of flavonoids and polyphenolic compounds in PEX and Garlic.

Figure 7: PAP Scavenging Activity of Plantain Pseudo-Stem, and Plantain Exudate Extracts 

IRON CHELATING Inhibition Activity of Plantain Pseudo-Stem, and Plantain Exudate Extracts 
The iron-chelating activity shown in Figure 8 revealed that both PPS and PEX extracts could bind ferrous ions, thereby preventing oxidative damage from metal-catalyzed reactions. PEX showed higher chelating efficiency across all concentrations, demonstrating strong metal-binding potential due to the presence of polyphenols and flavonoids. PPS exhibited lower activity, indicating reduced metal chelation capacity.

Figure 8: Iron Chelating Inhibition Activity of Plantain Pseudo-Stem, and Plantain Exudate Extracts 

ABTS Scavenging Activity of Plantain Pseudo-Stem, and Plantain Exudate Extracts
The ABTS radical scavenging activity shown in Figure 9 indicated that all extracts effectively quenched ABTS radicals in a dose-dependent manner. Garlic extract exhibited the highest inhibition values, confirming its strong antioxidant properties. PEX showed intermediate activity, increasing steadily with concentration, while PPS had the lowest scavenging efficiency. This trend parallels the results of the DPPH and FRAP assays, indicating that the antioxidant strength of the tested samples follows the order: Garlic > PEX > PPS. The superior ABTS scavenging ability of PEX reflects its rich composition of phenolic and flavonoid compounds that enhance free radical neutralization.

Figure 9: ABTS Scavenging Activity of Plantain Pseudo-Stem, and Plantain Exudate Extracts 
Discussion 
Plantain (Musa paradisiaca), a major staple and medicinal plant widely cultivated in tropical regions, has attracted increasing scientific interest due to the biofunctional potential of its various anatomical parts beyond the edible fruit, including the pseudo-stem and exudate, which are often discarded as agricultural waste. These tissues are known to contain valuable nutrients, bioactive compounds, minerals, amino acids, and antioxidant phytochemicals with investigated bioactivities, particularly antioxidant responses (Singh et al., 2016; Saravanan & Aradhya, 2011a).
The proximate composition of the PEX and PPS in this study revealed significant nutritional variation, with PEX having a notably high moisture content (88.46%) and PPS demonstrating higher concentrations of carbohydrate (62.59%), fibre (10.68%), and ash (2.43%). The high moisture content of PEX suggests a dilute liquid matrix; published studies of banana central pseudo-stem juice describe phytochemical and antioxidant activity but do not provide a directly comparable PEX moisture measurement (Koodkaew et al., 2021). Accordingly, direct evidence concerning plantain exudate composition remains limited compared with studies of the pseudo-stem. Conversely, published analyses of banana pseudo-stem have identified carbohydrates, dietary fibre and other constituents relevant to potential food applications (Ramu et al., 2017; Ramírez-Bolaños et al., 2021). The low fat and oil content observed in PPS (0.79%) is also consistent with reports of relatively low lipid content in dried banana pseudo-stem (Ramírez-Bolaños et al., 2021). However, some studies have reported varying proximate values for Musa pseudo-stem, largely due to differences in sample preparation, cultivar, and moisture basis. For example, investigations using different cultivars and sample preparation methods have reported differences in fibre, moisture, ash and other constituents (Bhaskar et al., 2012; Ramu et al., 2017). These discrepancies may be attributed to environmental factors, soil composition, and plant maturity at harvest (Ramírez-Bolaños et al., 2021). Despite such variations, the current findings affirm that the plantain pseudo-stem is a nutrient-dense component of the plant, suitable for functional food applications, whereas the exudate’s high moisture and low nutrient density reflect its role as a sap-like liquid rich in soluble phytochemicals rather than macronutrients.
In this study, the bioactive compound profile of the PEX and PPS revealed a rich diversity of phenolic and flavonoid compounds, confirming the medicinal and nutritional relevance of Musa paradisiaca. The PEX exhibited notable concentrations of tangeretin (45.09 nmol/L), resveratrol (51.46 nmol/L), and gallocatechin (37.40 nmol/L), compounds that have been discussed in relation to biological activity in broader plant-food research (Singh et al., 2016). The presence of luteolin, daidzin, and hesperidin further underscores its pharmacological value, although the present identification does not itself demonstrate physiological effects (Singh et al., 2016). In a related liquid plant matrix, Koodkaew et al. (2021) documented phytochemical and antioxidant responses in banana central pseudo-stem juice. The resveratrol concentration reported here requires analytical confirmation, as broader surveys of banana bioactives do not establish its concentration in plantain exudate (Singh et al., 2016). However, the relatively lower concentrations of catechin and ellagic acid in PEX compared to other plant extracts may indicate variability due to species differences, extraction method, or physiological state of the plant (Alelah et al., 2026; Saravanan & Aradhya, 2011a). The high diversity and relative abundance of these compounds suggest that plantain exudate possesses considerable bioactive potency with potential nutraceutical and medicinal applications. The diversity of compounds including catechin, luteolin, quercetin, and resveratrol further emphasises its potential health-promoting role in combating oxidative stress-related conditions.
In contrast, the PPS extract demonstrated higher levels of kaempferol (91.34 nmol/L), vanillic acid (117.06 nmol/L), and daidzein (24.27 nmol/L), suggesting stronger phenolic accumulation and potential radical-scavenging capacity. Previous analyses of banana pseudo-stems have identified phenolic constituents and measured in vitro antioxidant activity (Saravanan & Aradhya, 2011a; Ramírez-Bolaños et al., 2021). The presence of kaempferol and ferulic acid in high concentrations is significant, as these compounds contribute to anti-inflammatory, hepatoprotective and anticancer properties (Bangar et al., 2023). The vanillic acid detected here is compatible with published reports of diverse phenolic constituents in banana pseudo-stems, although concentrations cannot be directly equated across methods (Ramírez-Bolaños et al., 2021). However, reported phenolic profiles can differ with cultivar, extraction technique and sample processing (Saravanan & Aradhya, 2011a; Alelah et al., 2026).
The mineral composition of the PEX and PPS revealed notable differences in their elemental concentrations, reflecting the physiological and biochemical diversity between these plant parts. PPS showed significantly higher levels of iron, calcium, magnesium, potassium, sodium, and manganese, indicating its richness in macronutrients essential for blood formation, bone development, and enzymatic activity. Conversely, PEX contained relatively higher concentrations of zinc, copper, and phosphorus, which are crucial trace elements for metabolic processes, immune function, and energy production (Ramu et al., 2017). The higher phosphorus level in the exudate supports its potential role in cellular energy transfer, as phosphorus forms a key component of ATP. Comparable nutritional analyses of banana pseudo-stem have documented major and trace minerals, although they do not establish the sulphur differences observed in the present samples (Ramu et al., 2017). The higher sulphur content observed in the pseudo-stem (2.861%) compared with the exudate (1.892%) is specific to the present samples and requires confirmation across additional collections.
The higher zinc and copper measurements for PEX should be interpreted cautiously because direct comparisons with published exudate-specific mineral studies are limited. These variations indicate that both parts of the plantain contain nutritionally important minerals, with the pseudo-stem being richer in elements that support blood formation, bone health, and enzymatic activities, whereas the exudate is richer in trace elements essential for metabolism and energy production. This variation could be attributed to differences in cultivar, soil mineral composition, or extraction method. Published analyses of banana pseudo-stem minerals provide a useful comparator, although direct measurements of exudate composition remain scarce (Ramu et al., 2017).
The amino acid composition of the PEX and PPS indicates that both plant parts contain a broad spectrum of essential and non-essential amino acids, but at varying concentrations. In PEX, serine (52.53 mg/100 g; 499.82 μmol/l) was the most dominant amino acid, followed by proline, arginine, histidine, and valine, signifying the potential of the exudate as a moderate source of amino acids for protein synthesis and enzymatic activities. Amino acid profiles have previously been reported for banana pseudo-stem, but the corresponding concentrations cannot be assumed identical to those of the exudate (Ramu et al., 2017). Tyrosine and tryptophan were identified in the tested samples, but compositional measurements alone do not demonstrate physiological activity. Direct compositional comparisons with plantain exudate remain limited; established studies of banana pseudo-stem nevertheless provide a relevant amino acid comparator (Ramu et al., 2017).
The PPS, however, demonstrated a generally higher concentration of amino acids, particularly serine (59.75 mg/100 g), tyrosine (45.49 μmol/l), and proline (87.14 μmol/l), indicating its superior nutritive and functional value compared to PEX. The detection of several essential amino acids is consistent with earlier compositional work on banana pseudo-stem, although dietary protein quality cannot be established from this profile alone (Ramu et al., 2017). Differences in cultivar, tissue processing and analytical basis may affect cross-study comparisons (Ramírez-Bolaños et al., 2021).
The in vitro antioxidant evaluation of PEX and PPS revealed that both extracts possess measurable free radical scavenging potential, although their activities varied across different antioxidant assays. The nitric oxide (NO), hydroxyl radical, DPPH, and ABTS scavenging assays, alongside FRAP, PAP, and iron chelating tests, demonstrated that antioxidant potency followed the general order: Garlic > PEX > PPS. These in vitro comparisons indicate assay-dependent differences among tested extracts, but antioxidant measurements alone do not establish therapeutic efficacy (Ilyasov et al., 2020; Pulido et al., 2000). The consistent increase in scavenging activity of PEX with concentration across assays such as DPPH and ABTS implies concentration-dependent antioxidant behavior. Antioxidant responses have also been studied in banana pseudo-stem juice, although the sample matrices and assay protocols differ from the present work (Saravanan & Aradhya, 2011b; Koodkaew et al., 2021). The measured FRAP response indicates reducing capacity under the assay conditions but does not, by itself, validate wound-healing or anti-inflammatory efficacy (Pulido et al., 2000).
Conversely, the PPS exhibited comparatively lower antioxidant performance in most assays, though still demonstrating notable activity in DPPH and FRAP assays, suggesting the presence of antioxidant constituents in smaller concentrations. This is broadly consistent with studies showing that antioxidant measurements in banana pseudo-stem depend on extraction and composition, although direct peel-versus-pseudo-stem conclusions cannot be inferred from these data (Saravanan & Aradhya, 2011a; Gayathry & John, 2024).  The stronger iron-chelating ability of PEX observed in this study is particularly significant, as it indicates its effectiveness in binding metal ions and preventing oxidative stress linked to metal catalysis. 
Conclusion
This study characterised the proximate composition, mineral content, amino acid profile, phytochemical constituents and in vitro antioxidant activities of plantain (Musa paradisiaca), particularly the pseudo-stem (PPS) and exudate (PEX). The proximate composition showed that the pseudo-stem is highly rich in carbohydrate, fibre, ash contents, suitable for functional food, feed, and bio-based product development. Conversely, the exudate exhibited very high moisture content with lower macronutrient levels and measurable antioxidant activity, and contained considerable quantities of phenolic and flavonoid compounds such as resveratrol, tangeretin, and gallocatechin.
Both samples contained identifiable phytochemical constituents and minerals, although their profiles differed with the pseudo-stem (PPS) having higher levels of macronutrients like calcium, magnesium, potassium, and iron, and the exudate (PEX) containing relatively more zinc, copper, and phosphorus, which are vital for metabolic and enzymatic functions, thereby further supporting their nutritive and physiological importance.
Antioxidant assays confirmed that both extracts possess measurable radical scavenging potential, with PEX showing higher activity across several models, especially in DPPH, FRAP, and iron chelation tests. Overall, the findings indicate that that the plantain pseudo-stem and exudate warrant further investigation for potential food, agriculture and bioactive applications.
The results show that pseudo-stem (PPS) and, by implication, exudate (PEX) can be used for different purposes. However, additional studies are required to validate compound identification and quantification, establish safety, and assess practical applications before making definitive nutritional or therapeutic claims.
Limitation of the study
A single-solvent extraction technique was employed in the investigation. The solvent system (such as aqueous, methanolic, or ethanolic) affects extraction efficiency. Polar or non-polar bioactive components may not be extracted using a single extraction technique.  In Nigeria, Musa paradisiaca comes in a variety of cultivars from various agro-ecological zones. Results from a particular sample batch or location may not be applicable to other plantain types in Nigeria. Nutrient concentration, amino acid content, and secondary metabolite yields are also directly influenced by soil chemistry, rainfall patterns, harvest season, plant maturity, and post-harvest treatment.
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PEX	
Moisture	Ash	Fibre	Fats /Oil	Carbohydrate	0.88460000000000005	9.2999999999999992E-3	4.1399999999999999E-2	1.5800000000000002E-2	2.5899999999999999E-2	Compounds


%  Composition




PPS	
Moisture	Ash	Fibre	Fats /Oil	Carbohydrate	0.21060000000000001	2.4299999999999999E-2	0.10680000000000001	7.9000000000000008E-3	0.62590000000000001	Compounds


% Composition



NO

Garlic	5	10	15	20	40	80	0.108	0.17399999999999999	0.24099999999999999	0.31	PPS	5	10	15	20	40	80	0.106	0.124	0.13400000000000001	0.14399999999999999	PEX	5	10	15	20	40	80	0.17399999999999999	0.19600000000000001	0.24199999999999999	0.26100000000000001	Concentration (mg/ml)


Absorbance 




HYDROXYL

Garlic	5	10	15	20	40	80	63.05	70.77	73.349999999999994	79.41	PPS	5	10	15	20	40	80	47	52.43	61.8	62.92	PEX	5	10	15	20	40	80	60.49	62.92	64.98	68.400000000000006	Concebtration (mg/ml)


% Scavenging activity




DPPH

BHT	0	10	20	40	80	0	98.5	98.5	98.5	98.5	PPS	0	10	20	40	80	0	81.460000000000008	82.055000000000007	84.92	85.78	PEX	0	10	20	40	80	0	76.5	82.21	82.83	83.83	Concentration (mg/ml)


% Scavenging activity




FRAP

Garlic	0	10	20	40	80	0	76.95	79.599999999999994	87.94	92.6	PPS	0	10	20	40	80	0	73.760000000000005	82.62	88.65	90.07	PEX	0	10	20	40	80	0	34.35	61.99	77.19	79.61	Concentration (mg/ml)


% Inhibition




PAP

Garlic	0	10	20	40	80	0.13700000000000001	12.77	14.38	17.89	19.78	PPS	0	10	20	40	80	0.13700000000000001	7.36	8.67	9.75	10.039999999999999	PEX	0	10	20	40	80	0.13700000000000001	9	10.5	13.5	15.8	Concentration (mg/ml)


Absorbance




ION CHELATING

PPS	0	10	20	40	80	0	79.08	82.27	84.75	87.24	PEX	0	10	20	40	80	0	44.63	56.38	68.8	80.5	Concentration (mg/ml)


% Inhibition




ABTS

Garlic	100	200	300	74.209999999999994	78.86	82.03	PPS	100	200	300	55.18	57.51	59.41	PEX	100	200	300	65.75	69.56	71.459999999999994	Concentration (mg/ml)


% Scavenging
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