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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. Besides 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 and toxicity of the pseudo-stem fiber 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) contains high carbohydrate (62.59%), moderate moisture (21.06%), high fibre (10.68%), ash (2.43%), and very low fat and oil (0.79%). PEX contains 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, while PEX contained moderate amino acids and distinct phytochemicals with therapeutic potential. These findings show 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, the other parts of the plant such as the pseudo-stem and exudate have been used in traditional medicine for treating a variety of ailments including wounds, inflammation, diarrhea, and infections (Akinmoladun et al., 2020; Oboh et al., 2019). This growing interest in the non-fruit parts of the plant has led to increasing scientific investigation into their nutritional, phytochemical, and pharmacological profiles.
The pseudo-stem of Musa paradisiaca is the thick trunk-like structure formed by tightly packed leaf sheaths. Traditionally, it has been used in folk medicine for its diuretic, astringent, and anti-inflammatory properties (Okareh et al., 2021). The exudate, on the other hand, refers to the sap or fluid secreted from wounds or cuts made on the plant. This fluid has been applied topically in traditional settings to aid in wound healing, and it is believed to possess antimicrobial and coagulant activities (Adewumi, 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.
Proximate analysis provides essential information on the nutritional composition of plant materials including moisture, ash, crude protein, crude fat, fiber, and carbohydrate contents. These parameters are crucial in determining the potential of a plant-based material as a food supplement or therapeutic agent (AOAC, 2016). For example, plantain pseudo-stem and exudate have been shown to contain significant moisture and fiber content, making them valuable for maintaining gut health and preventing constipation (Yadav & Swami, 2026). Preliminary studies on Musa paradisiaca pseudo-stem have reported the presence of flavonoids, phenolics, and tannins, which contribute to its therapeutic efficacy (Olawuyi et al., 2021). The exudate has similarly shown the presence of glycosides and phenolic compounds which may underlie its wound healing and antimicrobial actions. Studies have shown that extracts from Musa paradisiaca possess significant antioxidant activities, largely attributed to their phenolic content (Ezeonu et al., 2018; Aluko, 2020).
A study by Igbinosa (2022) reported that aqueous extracts of Musa paradisiaca pseudo-stem did not induce mortality or significant behavioral changes in rats at doses up to 2000 mg/kg, indicating a high safety margin. Additionally, liver enzyme levels such as ALT and AST were not significantly altered, further supporting its safety. Similarly, another study found that the plantain pseudo-stem extract exhibited no cytotoxic effects in vitro and was safe for topical application (Bhatia et al., 2026; 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 underutilized plant parts like the pseudo-stem and exudate, this research contributes to sustainable health practices and the valorization of agricultural waste.
Methodology
Plant Materials
Pseudo-stem of Musa paradisiaca: Fresh pseudo-stem was collected from healthy plantain plants from 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 100–150 g, were obtained from a certified animal facility. Standard feed and water were provided ad libitum. Animals were acclimatized for 7 days before the commencement of the study.
Sample Collection and Preparation
Fresh pseudo-stems and exudates of Musa paradisiaca (plantain) were collected from 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 pulverized with the aid of 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 fertilizers 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 minimizing 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 labeled 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 lyophilized depending on the method requirement (Plate 1).
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Plate 1: Plantain Stem cut into varying sizes
Determination of proximate composition
Based on the chemical characteristics of the molecules, proximate analysis divides a feed or food's constituents into six groups. The crude protein content of Pseudo-Stem and Exudate of Plantain (Musa paradisiaca) – was determined by Kjeldahl method. The carbohydrate content was determined by Cleg Anthrone method. The moisture content was measured. The crude lipid content was determined by Soxhlet extraction method. The ash content o was determined by Furnace method (AOAC, 2006).
Phytochemical Analysis
Aqueous Extraction
The extract was first filtered using gauze and then with Whatman filters paper No. 1. The remaining residue was re-macerated for another 72 hours twice and filtered in order to exhaustively extract the possible bioactive components available. Afterwards, the filtrates were concentrated in a rotary evaporator and the concentrated filtrate was then frozen in a freezer and dried in a lyophilizer.
Gas Chromatograph with Agilent 5975 Mass Selective Detector (G.C/MS• Agilent 6890N) was used to analyse the bioactive compounds. The mass spectrum of unknown component was compared with the spectrum of the known component stored in the NIST library. Major components were identified with authentic standards and were recorded from computerized libraries film thickness as reported by Ukwubile et al. (2019) and Onyegeme-Okerenta et al. (2023). GC apparatus was also used in Amino acid Analysis. The procedure used were the modified method by Albin et al. (2000) while chromatography was carried out at a constant temperature of 30°C using the Gradient Program Employed for the Separation of PTC-Amino Acids.
Determination of Mineral Compositions
Mineral analysis was conducted using a Flame Atomic Absorption Spectrophotometer (FAAS).  (Fernandez-Hernandez et al., 2010).
In vitro Free Radical Scavenging Assays
The ability of the leaf samples to scavenge the 2,2-diphenyl-2-picryl hydrazyl hydrate DPPH radical was tested in a rapid dot-plot screening and quantified using a spectrophotometric assay. The rapid screening assay was performed by the method proposed by Soler-Rivas et al. (2000) while the scavenging ability of the natural antioxidants of the leaves towards the stable free radical DPPH was measured by the method of Mensor et al. (2001). The antioxidant effect of the leaf 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). The extent of inhibition of nitric oxide radical generation in vitro was followed as per the method reported by Sreejayan and Rao, (1997). The extent of hydroxyl radical scavenging from Fenton reaction was quantified using 2'-deoxyribose oxidative degradation as described by Yu et al. (2004). The Ferric Reducing Antioxidant (FRAP) property of the extracts was determined as described by Pulido et al. (2000). Phosphomolybdium Antioxidant Power (PAP) assay of extract in different extracting solvents (absolute ethanol, 70% and 50% ethanol) was determined by the phosphomolybdate method according to Jayaprakasha et al. (2002). The chelating effect on ferrous ions of the prepared extracts was estimated by the method of Malik et al. (2020). 
Statistical Analysis
All experimental data were expressed as mean ± standard deviation (SD) of triplicate or quintuplicate determinations, depending on the assay type. The data were analyzed using GraphPad Prism (version X.X) or SPSS (version X.X) statistical software. A one-way analysis of variance (ANOVA) was performed to compare the means of more than two groups, followed by Tukey’s multiple comparison test as a post hoc analysis to identify specific group differences. For pairwise comparisons, the student’s t-test was applied where necessary. In all cases, a p-value of less than 0.05 (p < 0.05) was considered statistically significant, indicating a 95% confidence level. 
Results and Discussion
Proximate Composition of Plantain Pseudo Stem (PPS) and Plantain Exudates (PEX)
Figures 1 and 2 show the proximate composition of PPS and PEX, indicating that carbohydrate (62.59%) and moisture content (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 PPS (10.68%) PEX (4.14%), carbohydrate PEX (2.59%), moisture PPS (21.06%) fat and oil PPS (0.79%), PEX (1.50%), and ash PPS (2.43%), 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). Major compounds identified include 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 bioactives 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 result 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). Similarly, the amino acid composition of PPS showed a similar amino acid profile to the 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. PEX extract 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, PPS extract 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. PEX extract showed moderate but steady activity, rising from around 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/100)
	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

	Isolecucine
	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
	205.09
	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

	Isolecucine
	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







104


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 result shows 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 neutralize 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 defense against reactive oxygen species. PEX extract exhibited moderate activity, showing a steady rise with increasing concentration, signifying good hydrogen peroxide neutralization (Figure7). 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 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 in Figure 9 showed 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, reaffirming 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 demonstrated pharmacological properties such as anti-inflammatory, antimicrobial, and antidiabetic effects (Anorue et al., 2023; Oyeyinka et al., 2020).
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 level in PEX is consistent with the findings of Adeyi et al. (2017), who reported that plantain exudate primarily consists of water and trace amounts of soluble organic compounds, making it perishable and suitable mainly for aqueous extract-based applications. Similarly, Oyeyinka et al. (2020) observed that Musa paradisiaca exudates contain minimal dry matter and energy-yielding components. Conversely, the PPS composition in this study aligns with that of Castañeda-Niño et al. (2024), who reported that plantain and banana pseudo-stems are rich in carbohydrates, cellulose, and lignocellulosic fibre, suggesting their potential use in food formulation, livestock feed, and bio-based material production. The low fat and oil content observed in PPS (0.79%) also agrees with Suhaimi (2020), who found similar values in banana pseudo-stem flour, confirming its low-fat, high-fibre nutritional profile. However, some studies have reported varying proximate values for Musa pseudo-stem, largely due to differences in sample preparation, cultivar, and moisture basis. For instance, Pugalendhi et al. (2022) found lower carbohydrate and higher ash contents in pseudo-stem samples analyzed on a dry-weight basis, while Adepoju and Oyewole (2014) reported higher protein and mineral values in pseudo-stem from different plantain varieties. These discrepancies may be attributed to environmental factors, soil composition, and plant maturity at harvest (Castañeda-Niño et al., 2024). 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 widely recognized for their antioxidant, anti-inflammatory, and anticancer activities (Olawuyi et al., 2021). The presence of luteolin, daidzin, and hesperidin further underscores its pharmacological value, as these compounds are known to modulate oxidative stress and enhance cardiovascular protection (Akintunde et al., 2020). Similar findings were reported by Igbokwe et al. (2019), who observed high levels of flavonoids and phenolic compounds in the sap and peel of Musa paradisiaca, linking these bioactives to free radical scavenging potential. The high resveratrol concentration found in PEX agrees with the findings of Alara et al. (2020), who reported that resveratrol-rich plant extracts demonstrate superior antioxidant and anti-aging properties. 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; Pérez-Labrada et al., 2026). 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 emphasizes 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. This agrees with the report of Okareh et al. (2021), who found banana pseudo-stem extracts to be rich in polyphenols, flavonoids, and phenolic acids with marked antioxidant activity. The presence of kaempferol and ferulic acid in high concentrations is significant, as these compounds contribute to anti-inflammatory, hepatoprotective, and anticancer properties (Sangeetha et al., 2022; Chimezie & Onyegeme-Okerenta, 2025). The results also align with the study of Alothman et al. (2019), which identified vanillic acid as one of the dominant antioxidants in banana stem extracts, responsible for their potent DPPH scavenging effects. However, studies such as those by Fadipe et al. (2018) reported lower phenolic and flavonoid levels in Musa paradisiaca pseudo-stem extracts, attributing the differences to environmental conditions and maturity stage at harvest.
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 (Oluwole et al., 2020). The higher phosphorus level in the exudate supports its potential role in cellular energy transfer, as phosphorus forms a key component of ATP (Ndukwe et al., 2022). These findings agree with the report of Adedeji and Aladesanmi (2021), who observed elevated mineral and sulphur contents in the pseudo-stems of Musa paradisiaca, suggesting their suitability as a functional food ingredient or dietary supplement. The significantly higher sulphur content in the pseudo-stem (2.861%) compared to the exudate (1.892%) further underscores its biochemical importance, as sulphur-containing compounds aid in detoxification, antioxidant defense, and protein synthesis (Adewuyi et al., 2019).
However, the relatively high concentrations of zinc and copper in PEX contrast with the findings of Oladunmoye and Akinyosoye (2019), who reported that these trace elements were more concentrated in the pseudo-stem of plantain. 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. Similar trends were noted by Okareh et al. (2021), who emphasized environmental and varietal factors influencing mineral uptake and distribution in plantain tissues.
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. These amino acids are known to play key physiological roles such as collagen formation (proline), immune regulation (arginine), and neurotransmitter synthesis (histidine and tryptophan) (Eze et al., 2021). Similarly, the presence of aromatic amino acids such as tyrosine and tryptophan supports antioxidant activity and mood regulation due to their involvement in dopamine and serotonin synthesis (Nwosu et al., 2020). The amino acid pattern of PEX aligns with the findings of Adetuyi and Ibrahim (2022), who reported the presence of both essential and non-essential amino acids in Musa paradisiaca sap, suggesting its functional potential in biochemical and nutritional applications.
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 elevated levels of essential amino acids such as valine, isoleucine, leucine, and lysine in PPS also suggest its potential as a dietary protein supplement for tissue repair and muscle development (Ajayi et al., 2020). However, contrary findings by Oladunmoye and Akinyosoye (2019) indicated lower amino acid concentrations in pseudo-stems due to environmental and varietal differences, emphasizing that soil and cultivation conditions influence amino acid accumulation.
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. This suggests that while Garlic exhibited the strongest antioxidant capacity due to its high sulfur and organosulfur compounds (e.g., allicin), PEX still showed moderate yet significant activity, indicating the presence of phenolic acids, flavonoids, and other redox-active phytochemicals (Adeleke et al., 2021). The consistent increase in scavenging activity of PEX with concentration across assays such as DPPH and ABTS implies concentration-dependent antioxidant behavior. This observation is supported by the findings of Adegbite and Oladunmoye (2022), who reported similar dose-dependent antioxidant properties in Musa paradisiaca sap, attributing these effects to its rich phenolic and flavonoid composition. Likewise, the moderate ferric reducing antioxidant power (FRAP) and peroxide scavenging abilities of PEX reflect its capacity to donate electrons and neutralize reactive oxygen species, which may explain its traditional use in wound healing and inflammation control (Eze et al., 2020).
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 agrees with the results of Odenigbo et al. (2019), who observed modest antioxidant capacity in Musa paradisiaca pseudo-stem extracts relative to the peel and fruit pulp, linking the reduced activity to lower total phenolic content.  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 revealed that different parts of the plantain (Musa paradisiaca), particularly the pseudostem and exudate, possess distinct nutritional and bioactive characteristics that define their potential applications. The proximate composition showed that the pseudo-stem is rich in carbohydrate, fibre, ash, and essential minerals, indicating its value as a nutrient-dense, low-fat, and high-fibre plant material suitable for functional food, feed, and bio-based product development. Conversely, the exudate exhibited very high moisture content with a lower level of macronutrients but was found to contain considerable quantities of phenolic and flavonoid compounds such as resveratrol, tangeretin, and gallocatechin, phytochemicals known for their antioxidant, anti-inflammatory, and therapeutic activities.
The mineral and amino acid analyses demonstrated complementary nutrient profiles, where PPS had higher levels of macronutrients like calcium, magnesium, potassium, and iron, while PEX contained relatively more zinc, copper, and phosphorus, which are vital for metabolic and enzymatic functions. The amino acid spectrum of both samples revealed the presence of essential and non-essential amino acids, 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. This suggests that PEX is a promising source of soluble antioxidant compounds. Overall, the findings indicate that while the plantain pseudo-stem is better suited for dry, fibre- or mineral-rich applications, the exudate is more appropriate for nutraceutical, cosmeceutical, or food-preservative formulations after standardization and safety evaluation.
The results show that PPS and, by implication, PEX can be used for different purposes. PPS is rich in fiber and minerals, making it a rich source of plant-based materials. PEX, on the other hand, contains more antioxidants, which can be used as nutraceutical health supplements, skincare products, or natural food preservatives, once it is properly tested for safety and quality. The results, also, highlight the importance of utilizing underexploited plantain parts that are often discarded as waste, thereby promoting value addition, sustainability, and resource efficiency in agricultural systems.
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