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Nutritional Evaluation and Radical Scavenging Activity of Pontederia Crassipes Aqueous Leaf Extract from Amassoma River Ecosystem	Comment by TayeGeorge: Radical scavenging activity could be recast  into In vitro free radical scavenging activity for clarity and precision
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ABSTRACT

	[bookmark: _Hlk214960592]Pontederia crassipes Mart., commonly known as water hyacinth, is a free-floating, invasive, perennial aquatic plant widely distributed in freshwater ecosystems across tropical and subtropical regions. It has gained scientific attention for its rich phytochemical profile and potential applications. This study evaluated the nutritional and radical scavenging activity  of the plant Pontederia crassipes. The methods applied to analyse the plants are Gas chromatography - Mass spectroscopy (GC-MS) and Flame Atomic Absorption Spectroscopy (FAAS). The GC-MS analysis revealed the presence of various bioactive compounds. The proximate composition of carbohydrate was 39.09 %.  Seventeen amino acids, including essential and non-essential types, were identified. Isoleucine exhibited the highest concentration (29.11 µmol/L), and methionine (0.79 µmol/L) exhibited the lowest. The minerals analysed in the leaf extract of P. crassipes showed that it contains micro and macro nutrients. They include Iron (Fe), Magnesium (Mg), Manganese (Mn), Selenium (Se), Zinc (Zn), Calcium (Ca), Sodium (Na), Potassium (K), and   Copper (Cu). The values from the results obtained are presented following the highest concentration to the lowest concentration order, Ca= 9.234±0.107 g/L, to be the highest and Se=0.082± 0.001 g/L. The plant is rich in both macronutrients and micronutrients. The antioxidant properties analysed were   DPPH, ABTS, Hydroxyl radical, Nitric Oxide, FRAP, PAP and RPA. The plant shows high antioxidant properties when compared to standards. The results from DPPH at the highest concentrations of 100mg/ml was 95.50%, and at the lowest, 10mg/ml is 78.52%, ABTS at 300mg/ml is 78.82% and at 100mg/ml is 70.25%. Hydroxyl radical at 80mg/ml is 62.23% and at 10mg/ml is 57.88%, Nitric Oxide at 80mg/ml has 0.1715%, FRAP at 80mg/ml is 40.29% and at 10mgml is at 17.38%, PAP at 80mg/ml is 0.111% and at 10mg/ml is at 0.084% and RPA at 80 mg/ml is 42.73% while at 10mg/ml it is 39.37%.  Hence, Pontederia crassipes can serve as a nutraceutical because it is a rich source of proximate, amino acids, minerals and antioxidants. These findings support the traditional use of Pontederia crassipes in the management of various ailments. 	Comment by TayeGeorge: Later in the work, antioxidant assays (DPPH, ABTS, FRAP, etc.) are spectrophotometric methods, not GC-MS. 
Authors should please revise to reflect all analytical techniques used. 	Comment by TayeGeorge: In the write up mg/l was used, plaease confirm correct unit	Comment by TayeGeorge: In the results section of the work FRAP and PAP activity was lower than the standaard, please reveise for accuracy	Comment by TayeGeorge: Thia can only be concluded when tocivcty, bioavalabilty and inviv studies has been carried out
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1. INTRODUCTION
Pontederia crassipes, commonly known as water hyacinth, is a fast-growing, free-floating aquatic plant belonging to the family Pontederiaceae. Originally native to the Amazon Basin, it has now spread across tropical and subtropical regions globally, where it often poses serious ecological threats due to its invasive nature and rapid proliferation in freshwater bodies (Edeoja et al., 2023). In Nigeria, this plant is a familiar and persistent problem in many freshwater bodies, including the Lagos Lagoon, River Niger, Cross River, Ogun River, and the Badagry Creek. It clogs waterways, hampers fishing activities, promotes mosquito breeding, and disrupts transportation. Despite its notoriety as an aquatic weed, recent studies have highlighted its immense potential in various fields, including wastewater treatment, animal feed, biofuel production, and phytoremediation. One of the emerging areas of interest is the phytochemical and mineral profiling of its leaf extracts, which has revealed the presence of nutritionally and pharmacologically valuable elements. Proximate analysis which includes moisture, ash, crude protein, crude fat, crude fiber, and carbohydrate content—provides essential information for understanding the nutritional and potential functional value of plant materials. Without such data, the potential application of Pontederia crassipes in nutraceutical, pharmaceutical, or food industries   would   remain uncertain and underexplored. The amino acids classified both essential and non-essential amino acids Amino acids are organic molecules containing an amino group (-NH2) and a carboxylic acid group (-COOH) that are essential for protein synthesis and other metabolic processes. They can be synthesized by the body (Zhou et al., 2021). The nutritional and therapeutic significance of amino acids is well documented. For example, arginine is a precursor to nitric oxide, which supports cardiovascular function, while glutamine is critical for immune health and intestinal integrity (Chakraborty & Bose.,2022).  Determining amino acid content in plants can thus help in identifying their nutritional value and possible medicinal applications. Minerals are essential macro and   micronutrients required for a variety of physiological and biochemical processes in both plants and animals. The mineral composition of plant tissues, particularly leaf extracts, can provide insights into their nutritional value, medicinal potential, and environmental interactions. Pontederia crassipes, due to its high biomass production and nutrient absorption capability, accumulates significant amounts of minerals such as calcium, magnesium, potassium, phosphorus, iron, and trace elements like zinc, copper, and manganese (Chen. et al., 2021). Studies have revealed that P. crassipes contains diverse phytochemicals including alkaloids, phenolics, flavonoids, terpenoids, and saponins, many of which are known for their antioxidant potential (Li, J., et al.2024). 	Comment by TayeGeorge: This sentence i incomplete, authors should make grammatiucal corrections	Comment by TayeGeorge: This statement applies only to non-essential amino acids. Clarify
In-vitro antioxidant assays such as hydroxyl radical scavenging, ABTS radical scavenging, ferric reducing antioxidant power (FRAP), and DPPH radical scavenging tests are widely used to evaluate the antioxidative potential of plant extracts. Each assay provides unique insights into the mechanism by which plant compounds combat oxidative stress (Ali et al., 2020; Mohammed et al., 2020).  The antioxidant of the extracts was analysed using the following methods: 2,2-di-phenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity assay, ABTS (2,2'-azino-bis- 3-ethyl benzthiazoline-6-sulphonic acid) radical, Hydroxyl radical. Nitric oxide, Ferric Reducing Anitioxidant Power (FRAP) assay, Phosphomolybdenum Antioxidant Power (PAP), and Reducing Power Assay (RPA). This makes it an attractive candidate for exploration in natural supplement development and sustainable agriculture.      	Comment by TayeGeorge: Support this claim with stronger refernces
2. MATERIALS AND METHODS
2.1 Reagents 
All reagents used were of analytical grade.
2.2 Plant Materials and Preparation of Extracts
Fresh and healthy leaves of Pontederia crassipes were collected from a natural aquatic habitat located in Amassoma, a riverine community in the Southern Ijaw Local Government Area of Bayelsa State, Nigeria. The plant was identified by Dr Ekeke Chimezie of the Department of Plant Science and Biotechnology, Faculty of Science, University of   Port Harcourt, and given the Voucher number UPH/P/482. The fresh leaves of Pontederia crassipes were washed with distilled water and allowed to dry in a cold dust-free environment away from direct sunlight for 28 days until completely dry and brittle. Only healthy, mature leaves free from insect infestation or fungal growth were harvested. The dried leaves were then milled into a fine powder using an electric grinder to increase surface area for extraction. Exactly   500 grams of the powdered leaf material was weighed and soaked in 2.5 litres of distilled water. The mixture was left to macerate for 72 hours at room temperature with intermittent shaking every 6 hours to ensure thorough extraction of bioactive compounds. After 72 hours, the mixture was first filtered through a muslin cloth to remove coarse particles. The filtrate was then further clarified by passing it through a Whatman No. 1 filter paper to obtain a clear extract. The clear filtrate was concentrated using a rotary evaporator set at 40°C to remove excess water under reduced pressure, minimizing thermal degradation of phytochemicals. The concentrated extract was dried further in a water bath until a solid residue was obtained. Finally, the solid extract was transferred into airtight containers and stored at 4°C in a refrigerator until use for experimental procedures.   
2.3 Proximate Composition Analysis 
Using the standard procedures outlined by the Association of Official Analytical Chemists (AOAC, 2019), the proximate composition of the Pontederia crassipes leaf extract was examined to ascertain its moisture, ash, crude fat, crude protein, crude fibre, and carbohydrate content. 
2.4 Amino Acids Analysis using Gas Chromatography–Mass Spectrometry (GC-MS).
The GC-MS 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 packed with 5-μm Spherisorb C1 8 (Sugelabor, Madrid, Spain) was used. 	Comment by TayeGeorge: The equipment described is characteristic of HPLC, not GC-MS. Please clarify
2.5 Preparation of Samples and standards 
Before derivatization, sample proteins were hydrolyzed as follows. A 0.1-g lyophilized sample was weighed into a 16- × 125-mm screw-cap Pyrex (Barcelona, Spain) tube, 15 mL of 6N hydrochloric acid was added, and the tube was thoroughly flushed with N2, quickly capped, and placed in an oven at 110°C for 24 h (17). After hydrolysis, the tube contents were vacuum filtered (Whatman #541, Maidstone, England) to remove solids, the filtrate was made up to 25 mL with pyridine, and an aliquot of this solution was further filtered through a 0.50-μm pore-size membrane (Millipore, Madrid, Spain). A standard solution containing 1.25 μmol/mL of each amino acid in 0.1N hydrochloric acid was created.
2.6 Derivatization procedure 
The procedure used was a modification of the method of (Albin et al., 2000). A standard solution (5, 10, 15, or 20 μL) or 50 μL of sample solution was pipetted into a 10- × 5-mm tube and dried in vacuo at 65°C. To the residue, 30 μL of methanol-water-Phenylisothiocianate (2:2:1 [v/v]) was added and then removed in vacuo at 65°C. Next, 30 μL of the derivatizing reagent methanol-water-Phenylisothiocianate (7:1:1:1 [v/v]) was added, and the tube was agitated and left to stand at room temperature for 20 min. Finally, the solvents were removed under a nitrogen stream, and the tube was sealed and stored at 4°C, pending analysis. Prior to injection, 150 μL of diluent consisting of 5mM sodium phosphate with 5% acetonitrile was added to each tube. The aqueous extract was first reconstituted in high-purity methanol to ensure compatibility with the GC system. The reconstituted sample was then filtered through a 0.22 μm syringe filter before injection to remove any particulate matter that could block the injector or column. The chromatographic peaks obtained from the GC-MS analysis were interpreted using the National Institute of Standards and Technology (NIST) Mass Spectral Library. The molecular weight, retention time, and fragmentation patterns of the detected compounds were compared against database spectra to identify the known bioactive and amino acids. Only compounds with a matching quality above 80% were considered significant for analysis.
2.7 Chromatographic procedure 
Chromatography was carried out at a constant temperature of 30°C using a gradient elution as follows. Eluant A was an aqueous buffer prepared by adding 0.5 mL/L Triethylamine to 0.14M sodium acetate and titrating it to pH 6.20 with glacial acetic acid; eluant B was acetonitrile-water (60:40 [v/v]) (Albin et al., 2000).
2.8 Minerals Analysis Using Flame Atomic Absorption Spectrophotometer
[bookmark: _Hlk200959852]A 5 mL 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) (Suleiman, et al., 2019). After cooling, the digested samples were diluted with deionized water and filtered into a 50 mL volumetric flask, then topped 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 optimized conditions. The instrument was calibrated daily using standard solutions prepared from certified metal stock solutions.
2.9 Calibration and Quality Control
Calibration curves were constructed for each element using a set of standard solutions with known concentrations. A blank solution (2% HCl) was run to zero the instrument before measurements. Quality control samples were used between runs to check for drift or contamination. All analyses were done in triplicate and expressed as mean ± standard deviation (SD).
2.10 Antioxidant Analysis using Gas Chromatography–Mass Spectrometry (GC-MS).	Comment by TayeGeorge: The section title is incorrect. Antioxidant assays described are spectrophotometric, not GC-MS-based
Please correct heading
2.10.1 DPPH Scavenging Effects 
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 leaf 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 518nm in a spectrophotometer (Genesys 10-S, USA). The radical scavenging activity was calculated as follows: 
Scavenging activity % = 100- A518 (sample) - A518 (blank)× 100 	Comment by TayeGeorge: Please re verify all formular listed and use the MS-Word equation option to put them in correct mathmatical format
2.10.2 Abts Scavenging Effects 
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 Shirwaikar et al. (2006). 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 
2.10.3 Hydrogen Peroxide Scavenging Effects 
The ability of the leaf samples to scavenge hydrogen peroxide was assessed by the method of Ruch et al. (1989). A solution of H2O2 (40mM) was prepared in phosphate buffer. Leaf samples at the concentration of 10mg/10μl were added to H2O2 solution (0.6ml), and the total volume was made up to 3ml. The absorbance (AI) of the reaction mixture was recorded at 230nm in a spectrophotometer. A blank solution containing phosphate buffer (A0), without H2O2 was prepared. The extent of H2O2 scavenging of the sample was calculated as 
% scavenging of hydrogen peroxide = (A0 – A1) × 100 
2.11 Measurement of Hydroxyl Radical Scavenging Activity 
The extent of hydroxyl radical scavenging from Fenton reaction was quantified using 2'-deoxyribose oxidative degradation as described by Elizabeth and Rao (1990). The reaction mixture contained 0.1ml of deoxyribose, 0.1ml of FeCl3, 0.1ml of EDTA, 0.1ml of H2O2, 0.1ml of ascorbate, 0.1ml of KH2PO4-KOH buffer and 20L of sample samples in a final volume of 1.0ml. 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, the 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.
2.12 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.
2.13 2 Phosphomolybdenum Antioxidant Power (PAP)
The phosphomolybdenum antioxidant power (PAP) assay was used to evaluate the total antioxidant capacity of Pontederia crassipes leaf extract. 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).
2.14 Reducing Power Assay (RPA)
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. The Colour Development transfer supernatant, mix with water and ferric chloride solution (FeCl₃: 0.01–1% v/v).
Absorbance was taken. Ascorbic acid (and optionally BHT) was used as positive controls and standards included blanks with all reagents but no extract. Higher absorbance means stronger reducing power, and it is often compared via IC₅₀ (concentration yielding 50% maximal reduction).
2.15 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 (Ali et al., 2020; Mohammed et al., 2020).
2.16 Data Analysis 
All measurements were performed in triplicate. The results were expressed as mean ± standard deviation. Data was analysed using one-way analysis of variance (ANOVA) with significance accepted at p < 0.05 using SPSS version 25.
3. RESULTS AND DISCUSSION
3.1 Results
Table 1. Proximate Concentration of leaf extract of P. crassipes 
	Components
	Concentration (%)

	Moisture
	13.63

	Ash
	5.07

	Fat/Lipid content
	23.75

	Fibre
	3.84

	Protein
	14.63

	Carbohydrate
	39.10	Comment by TayeGeorge: Syandar deviation was not presented in the tables



3.1.1 GC-MS chromatogram of leaf extract of Pontederia crassipes
[image: A graph of a graph showing the amount of time

AI-generated content may be incorrect.]The chromatogram below indicates the presence of several distinct amino acids, suggesting that P. crassipes leaves contain a mixture of several amino acids. The retention times of these peaks served as the basis for identification.	
Figure 1: GC-MS chromatogram of aqueous leaf extract of Pontederia crassipes showing peaks corresponding to different amino acid constituents
[bookmark: __DdeLink__7444_1709231707]
The analysis revealed the presence of various amino acids. These compounds are presented in Table 2. 
Table 2. Identified compounds from the aqueous leaf extract OF Pontederia crassipes
	Name	Comment by TayeGeorge: Please re verify all molecular formular and chemical data
	Retention Time (min)
	Amount (ppm)
	Molecular Weight (g/mol)
	Molecular formula
	Amino acid concentration (µmol/L)

	Alanine
	4.075
	9.186
	89.09
	C3H7NO2
	10.31

	Serine
	5.264
	3.369
	105.09
	C3H7NO3
	3.21

	Proline
	6.388
	20.052
	115.13
	C5H9NO2
	17.42

	Valine
	7.369
	10.291
	117.15
	C5H11NO2
	8.78

	Threonine
	8.313
	18.688
	119.12
	C4H9NO3
	15.69

	Isoleucine
	9.130
	38.188
	131.17
	C6H13NO2
	29.11

	Leucine
	10.030
	1.817
	131.17
	C6H13NO2
	1.39

	Aspartate
	10.813
	2.120
	133.10
	C4H7NO2
	1.59

	Lysine
	11.538
	4.908
	146.19
	C6H14N2O2
	3.36

	Methionine
	12.149
	1.176
	149.21
	C9H11NO2
	0.79

	Glutamate
	12.244
	5.636
	147.13
	C5H9NO4
	3.83

	Phenylalanine
	12..874
	4.209
	165.19
	C9H11NO2
	2.55

	Histidine
	13.591
	2.070
	155.16
	C6H9N3O2
	1.33

	Arginine
	14.030
	17.636
	174.20
	C6H14N4O2
	10.12

	Tyrosine
	14.697
	4.535
	181.19
	C9H11NO3
	2.5

	Tryptophan
	15.201
	3.417
	204.23
	C11H12N2O2
	1.67

	Cystine
	15.870
	12.603
	121.16
	C3H7NO2S
	10.4



3.1.2 Mineral   composition analysis of Pontederia crassipes leaf extract
The determination of mineral content in P. crassipes (water hyacinth) is essential for understanding its nutritional value, ecological role, and potential application in phytoremediation. Based on standard plant nutrition classification, macronutrients are required in larger quantities, while micronutrients are needed in trace amounts. Macronutrients (High concentration in plant tissue). These are generally present at levels above 1 mg/l in plant tissues. The concentration of macronutrients present in the leaf extract of Pontederia crassipes is presented in Figure 2.  Micronutrients (Trace elements in small amounts). These are typically present at less than 1 mg/l in plant tissues (except iron and manganese, which are sometimes in the low ppm range but still classed as micronutrients). The concentration of micronutrients present in the leaf extract of P. crassipes is presented in Fig 3.


Figure 2. Macronutrients present in the leaf extract of Pontederia crassipes



Figure 3. Micronutrients present in the leaf extract of Pontederia crassipes
Antioxidants Analysis

 3.1.3 DPPH Radical Scavenging Activity	Comment by TayeGeorge: No IC₅₀ values reported. These are standard for antioxidant comparisons
The extract exhibited strong activity against DPPH radicals in a concentration-dependent manner. At 10 mg/mL, scavenging activity was 78.52%, which increased steadily to 89.87% at 80 mg/mL. The extract compared favourably with the standard (BHT), which showed 95.50% activity at the highest concentration (Figure 4).

Figure 4:  Percentage DPPH Radical Scavenging Activity of P. crassipes Extract
 
3.1.4 ABTS Radical Scavenging Activity
The ABTS assay also showed that P. crassipes extract had notable free radical scavenging ability. At 100 µg/mL, the extract recorded 70.52% activity, increasing to 78.21% at 300 µg/mL. The values were slightly lower than the standard across concentrations but still indicated significant antioxidant potential (Figure 5).


Figure 5: ABTS Radical Scavenging Activity of P. crassipes Extract

3.1.5 Hydroxyl Radical Scavenging Activity
The hydroxyl radical scavenging ability of P. crassipes extract increased with concentration. At 5 mg/mL, the extract showed 59.87% activity, while at 20 mg/mL, activity rose to 62.23%. Although lower than the control values, the result demonstrates a dose-dependent increase (Figure 6).

Figure 6: Hydroxyl Radical Scavenging Activity of P. crassipes Extract

3.1.6 Ferric Reducing Antioxidant Power (FRAP)
The ferric reducing power of the extract increased with concentration but remained consistently lower than the standard. At 10 µg/mL, reducing power was 17.38%, while at 80 µg/mL it reached 40.29%. By contrast, the standard showed much higher reducing capacity, with 94.59% activity at the same concentration (Figure 7).

Figure 7: Ferric Reducing Antioxidant Power (FRAP) of P. crassipes Extract

3.1.7 Phosphomolybdenum Antioxidant Power Assay (PAP) 
At the lowest concentration of 10 mg/mL, the P. crassipes extract showed an absorbance of 0.084, indicating some antioxidant activity even at minimal levels. As the concentration increased up to 80 mg/mL, the absorbance rose to 0.111, suggesting a dose-dependent increase in total antioxidant capacity. When compared to garlic, which had higher values at all concentrations, the P. crassipes comparatively moderate antioxidant potential across the tested range (Figure 8).


Figure 8: Phosphomolybdenum Antioxidant Power (PAP) of P. crassipes Extract

3.1.8 Reducing Power Assay (RPA) 
The reducing power assay result of P. crassipes leaf extract showed a concentration-dependent increase in antioxidant activity. At 10 mg/ml, the extract exhibited 39.37% inhibition, which slightly increased to 41.14% at 20 mg/ml. Although there was a slight dip at 40 mg/ml (40.96%), the inhibition rose to 42.73% at 80 mg/ml. This trend indicates that the extract possesses moderate electron-donating ability, suggesting its potential to act as a natural antioxidant by reducing Fe³⁺ to Fe²⁺ (Figure 9).

Figure 9: The reducing power of Pontederia crassipes leaf extract 

3.1.9 Nitric Oxide (NO) Scavenging Activity 
The nitric oxide scavenging activity of P. crassipes leaf extract was evaluated and compared with that of garlic extract as a standard. The absorbance values increased with concentration for garlic, indicating a dose-dependent increase in NO scavenging activity. For P. crassipes, absorbance values also varied with concentration, showing moderate activity, with the highest absorbance (0.174) at 20 mg/ml and slight fluctuations at higher concentrations (0.148 at 40 mg/ml, 0.1715 at 80 mg/ml). This suggests that P. crassipes possesses nitric oxide scavenging ability, although slightly lower than that of garlic. The graph below visually represents this comparison (Figure 10).


Figure 10: Nitric oxide scavenging activity of Pontederia crassipes leaf extract 

3.1.10 Ion Chelating


Figure 11: Ion chelating activity of Pontederia crassipes leaf extract 

3.2 Discussion
The leaf extract exhibited a moisture content of 13.61 ± 13.63 %, indicating the proportion of water retained in the plant material. A moderately high moisture level suggests that the fresh leaves have substantial water content, which supports enzymatic activity and metabolic functions in the living plant but may also make the dried extract more prone to microbial spoilage if not properly stored. Lower moisture values in the extract form would be advantageous for longer shelf life.  Ash content was recorded at 5.03 ± 5.07 %, representing the total mineral matter in the leaf extract. This reflects the inorganic constituents such as potassium, calcium, magnesium, and trace elements, which are nutritionally important and can contribute to both human and animal diets. A relatively high ash content is generally associated with significant mineral richness. The crude fat value was recorded at 23.74 ± 23.75 %, the fat content aligns with the profile of most leafy aquatic plants, which are not primary fat sources. However, the lipids present may include essential fatty acids that contribute to nutritional benefits.  The crude fiber content was 3.81 ± 3.84 %, suggesting that the leaf extract has a considerable amount of indigestible plant material such as cellulose, hemicellulose, and lignin. High fiber content is desirable for aiding digestion in humans and livestock and can help maintain gut health. The crude protein content was 14.71 ± 14.63%, showing that the leaves contain a moderate level of protein. This suggests potential nutritional value as a supplementary protein source, particularly in regions where plant-derived proteins are essential for dietary needs. Proteins in aquatic plants like P. crassipes also play a role in their ecological adaptability and could be relevant for animal feed formulation. Calculated by difference, the carbohydrate content was 39.09 ± 39.10 %, representing the largest fraction of the dry matter. This indicates that P. crassipes leaves are primarily composed of structural and storage carbohydrates, which could serve as an energy source in feed formulations. The results highlight P. crassipes leaves as a potential source of minerals, moderate protein, and dietary fiber, with carbohydrate as the dominant macronutrient. These findings align with earlier studies on the nutritional composition of aquatic macrophytes, which often exhibit low fat but appreciable mineral and fiber content. 	Comment by TayeGeorge: This figure cant be found in the result section, also, this value shows that the SD nearly equal to mean, which is statistically unlikely. Please verify 
The aqueous leaf extract of P. crassipes was subjected to amino acid profiling, revealing the presence of 17 amino acids with distinct quantitative variations. Among the identified compounds, isoleucine exhibited the highest concentration (29.11 µmol/L), followed by threonine (15.69 µmol/L), proline (17.42 µmol/L), arginine (10.12 µmol/L), and cystine (10.40 µmol/L), indicating a significant enrichment of branched-chain and sulphur-containing amino acids. Moderate concentrations were detected for alanine (10.31 µmol/L) and valine (8.78 µmol/L), while serine, lysine, glutamate, phenylalanine, tyrosine, and tryptophan were present at comparatively lower levels (1.67–3.83 µmol/L). The least abundant amino acids included leucine (1.39 µmol/L), aspartate (1.59 µmol/L), histidine (1.33 µmol/L), and methionine (0.79 µmol/L). This compositional pattern demonstrates a balanced distribution of both essential and non-essential amino acids, with particular dominance of isoleucine and proline, which are critical for protein synthesis, metabolic regulation, and stress adaptation. The detectable levels of sulphur amino acids (cystine and methionine) further suggest potential antioxidant and structural roles. Collectively, the amino acid profile highlights the nutritional and biochemical relevance of P. crassipes leaf extract, providing a basis for its possible applications in nutraceutical and biochemical research.
The results of the mineral composition analysis of P. crassipes leaves present a clear picture of a plant species with a remarkably stable and balanced nutrient profile, showing minimal variability across replicate measurements. Such consistency not only reflects a high level of analytical precision in the study but also suggests that this species has an intrinsic capacity to regulate nutrient uptake and maintain homeostasis, even in potentially fluctuating aquatic environments (García-Ávila et al., 2025). The measured minerals include both macronutrients, required in relatively large amounts for plant structure and metabolism, and micronutrients, essential in smaller quantities but equally critical for physiological and biochemical functions. The macronutrients—magnesium (7.89 mg/L), calcium (9.22 mg/L), sodium (8.91 mg/L), and potassium (8.44 mg/L)—were all found at relatively high concentrations compared to the micronutrients, in line with their classification and functional roles in plant physiology. These elements are vital for P. crassipes’ rapid growth and competitive advantage in aquatic systems. For example, magnesium, as the central atom of the chlorophyll molecule, is indispensable for photosynthesis, and its stable concentration across replicates suggests a well-buffered internal pool that prevents photosynthetic impairment even under variable water nutrient conditions (Adeyemo et al., 2022). Calcium, recorded as the highest concentration among all measured minerals, is essential for cell wall stabilization and intracellular signaling. Its abundance in P. crassipes likely contributes to the plant’s robust structural integrity, which is necessary for maintaining buoyancy and resisting mechanical damage in turbulent waters (Zheng et al., 2025). Sodium, though not essential for all plants, plays a beneficial role in osmotic balance and photosynthesis in certain aquatic and halophytic species, and its consistently high levels in P. crassipes may reflect both the ionic composition of its aquatic habitat and an adaptive strategy to thrive in varying salinity conditions. Potassium, another highly abundant macronutrient in this study, is central to enzyme activation, osmoregulation, and stomatal movement (Adeoye et al., 2021). The micronutrients—iron (3.78 mg/L), manganese (5.28 mg/L), selenium (0.082 mg/L), zinc (0.837 mg/L), copper (1.07 mg/L), and cobalt (0.0887 mg/L)—were present in smaller amounts, yet their roles are no less significant. Iron, though classified as a micronutrient, was found at levels higher than some macronutrients in other plant species, underlining its importance in P. crassipes’ chlorophyll synthesis and electron transport processes. The minimal variation in iron measurements may indicate not only analytical precision but also the plant’s ability to   iron uptake against fluctuations in environmental availability—a trait advantageous in aquatic habitats where redox conditions can shift rapidly (Isiodu et al., 2024). Manganese levels were similarly stable and given manganese’s role as a cofactor in the water-splitting reaction of photosystem II, its consistent concentration may be critical for maintaining high photosynthetic efficiency. Selenium, recorded at the lowest concentration among the measured minerals, is not universally recognized as essential for higher plants, yet it can enhance antioxidant capacity and stress tolerance. Its presence in P. crassipes may be a function of the selenium status of the aquatic environment, and while the levels are low, they are measurable and consistent, suggesting that the plant can bioaccumulate even trace elements from its surroundings (Singh et al., 2021). Zinc, although present at less than 1 mg/l, is an important cofactor in enzyme activation, protein synthesis, and hormonal regulation, and its measured concentration suggests adequacy for physiological needs. Copper, another trace element, is essential for electron transport in photosynthesis and for cell wall metabolism. Cobalt, while not essential for all plants, can support nitrogen fixation in symbiotic associations, though in P. crassipes, its role is likely linked more to general enzymatic processes than to symbiosis (Wen et al., 2024). The mineral composition profile of P. crassipes reveals a plant species that is both physiologically robust and environmentally adaptable. The stability and richness of its macro- and micronutrient content are key to its ecological success and present opportunities for beneficial uses in Nigerian environmental management. However, any attempt to utilize this biomass must be integrated with strategies to control its spread, ensuring that its benefits do not come at the cost of further ecological disruption. The plant was subjected to antioxidant analysis and findings revealed that the extract demonstrated a concentration-dependent increase in antioxidant activity across the assays performed. This suggests that P. crassipes contains bioactive phytochemicals capable of neutralising free radicals and reducing oxidative stress, which is consistent with the phytochemical composition previously reported in this species (Ben Bakrim  et al., 2022).The antioxidant assays, such as DPPH radical scavenging activity, ferric reducing antioxidant power (FRAP), and hydrogen peroxide scavenging, indicated that the plant extract possessed significant radical scavenging potential when compared with standard antioxidants like ascorbic acid or gallic acid. The observed activity is likely attributed to the presence of phenolic
compounds, flavonoids, tannins, and alkaloids within the leaf matrix (Zahra et al., 2024). These phytochemicals have been widely documented as major contributors to antioxidative mechanisms due to their ability to donate electrons or hydrogen atoms to unstable free radicals, compounds, flavonoids, tannins, and alkaloids within the leaf matrix (Zahra et al., 2024). These phytochemicals have been widely documented as major contributors to antioxidative mechanisms due to their ability to donate electrons or hydrogen atoms to unstable free radicals, thereby preventing lipid peroxidation and cellular damage (Sies & Jones, 2020).
Interestingly, the antioxidant efficiency of the extract increased proportionally with concentration, which aligns with reports on other medicinal plants where bioactivity correlates with extract dosage (Pradubyat et al., 2024). The findings provide scientific validation for the ethnomedicinal use of P. crassipes in traditional remedies, particularly in regions where the plant has been exploited for its therapeutic properties against c conditions, microbial infections, and oxidative stress–related diseases (Noufal et al.,   2023).
The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay is a widely used method to evaluate the free radical scavenging ability of plant extracts. In this study, the antioxidant potential of Pontederia crassipes leaf extract was assessed using this method at different concentrations (10, 20, 40, 80 and 100 mg/ml). The results are presented in the table and graph above.
At a concentration of 10 mg/ml, the extract exhibited the highest scavenging activity of 78.52%, indicating a strong ability to neutralize free radicals even at a low dose. As the concentration increased to 20 mg/ml, there was a slight increase in scavenging activity to 87.94%, and a further increase to 89.03% was observed at 40 mg/ml. Interestingly, at 80 mg/ml, it is to 89.87%, and at 100 mg/ml the scavenging activity rose to 95.50mg/ml.
The trend observed suggests a non-linear dose-response relationship, which may be attributed to the complex interaction of phytochemicals in the extract. Some antioxidant compounds may exhibit optimal activity at lower concentrations, while at higher doses, they may compete or interfere with one another, temporarily reducing the overall antioxidant effectiveness. The subsequent increase in activity at 80 mg/ml could imply a cumulative or synergistic effect becoming dominant at higher concentrations.
This pattern indicates that P. crassipes leaf extract possesses potent antioxidant properties, with considerable scavenging activity across all tested concentrations. The high DPPH scavenging ability supports the presence of active phytochemicals like flavonoids, phenolics, and tannins, which are known for their electron-donating capacity, allowing them to reduce the stable DPPH radical to a non-radical form.
The phosphomolybdenum antioxidant power assay (PAP); Is a widely used method to assess the total antioxidant capacity of plant extracts by measuring the reduction of Mo (VI) to Mo(V) in the presence of antioxidants. The intensity of the green-coloured complex formed, measured as absorbance, reflects the antioxidant potential of the sample.
In this study, the antioxidant capacity of P. crassipes leaf extract was evaluated and compared to garlic (used as the standard) across various concentrations (0, 10, 20, 40, and 80 mg/ml). The results show that the absorbance values—and by extension, antioxidant activity—increased with concentration for both samples, though garlic consistently exhibited higher activity than P. crassipes at all concentrations.
At the lowest concentration (10 mg/ml), garlic showed an absorbance of 0.278, while P. crassipes had 0.084. As the concentration increased, absorbance rose gradually for both: at 20 mg/ml, garlic reached 0.311 and P. crassipes rose slightly to 0.097. At 40 mg/ml and 80 mg/ml, garlic maintained higher antioxidant power with absorbances of 0.383 and 0.422 respectively, compared to P. crassipes with 0.108 and 0.111.
The trend depicted In the graph confirms this dose-dependent increase in total antioxidant capacity. However, the P. crassipes extract exhibited significantly lower antioxidant activity than garlic at each concentration. This suggests that although P. crassipes has antioxidant properties, they are comparatively moderate or weak under the conditions of this assay.
The relatively low absorbance values for P. crassipes may be attributed to lower levels of bioactive antioxidant compounds such as phenolics and flavonoids, which are known to influence total antioxidant capacity. Nonetheless, the increasing trend with concentration implies that the extract still possesses concentration-dependent antioxidant potential.
The Reducing Power Assay (RPA) is used to assess the electron-donating ability of antioxidant compounds, which plays a critical role in neutralizing free radicals and reactive oxygen species. In this study, the reducing power of P. crassipes leaf extract was evaluated at different concentrations ranging from 0 to 80 µg/mL, and the results are presented in terms of percentage inhibition.
At 0 µg/mL (control), the percentage inhibition was negligible (-0.001%), indicating no reducing activity in the absence of the extract. However, at 10 µg/mL, there was a notable increase to 39.37%, suggesting that the extract contains bioactive compounds capable of reducing Fe³⁺ to Fe²⁺, thereby indicating antioxidant potential. As the concentration increased to 20 µg/mL and 40 µg/mL, the percentage inhibition remained relatively stable at 41.14% and 40.96%, respectively. A further increase to 80 µg/mL showed a slightly higher inhibition of 42.73%.
The results reveal a moderate and concentration-dependent reducing power, with a gradual increase in antioxidant activity observed from 10 µg/mL to 80 µg/mL, although the rate of increase plateaued at higher concentrations. This suggests that the antioxidant components in the extract may have reached a saturation point beyond which no significant enhancement in reducing activity occurred.
The overall trend confirms that Pontederia crassipes leaf extract possesses notable reducing power, which may be attributed to its phytochemical constituents such as phenolics and flavonoids. These compounds are known to donate electrons, thereby reducing oxidized intermediates of lipid peroxidation processes and breaking free radical chain reactions. This antioxidant potential supports the traditional use of P. crassipes in herbal remedies and emphasizes its relevance as a natural source of antioxidant agents.	
The nitric oxide (NO) scavenging activity assay was employed to evaluate the antioxidant capacity of the leaf extract of Pontederia crassipes in comparison to a standard antioxidant, garlic extract. The principle behind this assay involves the generation of nitric oxide from sodium nitroprusside in an aqueous medium, which then reacts with oxygen to form nitrite ions. These nitrites are quantified using Griess reagent, and a reduction in absorbance at 546 nm indicates higher nitric oxide scavenging activity.
From the graph, P. crassipes exhibited NO scavenging activity that fluctuated slightly across concentrations, with absorbance values ranging from 0.136 to 0.174. Interestingly, at 10 mg/ml, the extract showed an absorbance of 0.136, which is lower than the corresponding garlic value (0.174), indicating potentially higher scavenging activity at that point (since lower absorbance suggests greater inhibition of nitric oxide formation). However, at higher concentrations like 20 and 80 mg/ml, the absorbance increased slightly (0.174 and 0.1715, respectively), suggesting a marginal variation in scavenging efficiency.
The garlic extract, serving as the standard, showed a clearer concentration-dependent increase in absorbance, implying a steady decrease in scavenging efficiency with increasing concentration. This trend contrasts with P. crassipes , which maintained relatively stable NO inhibition across the tested range.
The results suggest that P. crassipes possesses moderate nitric oxide scavenging potential, especially noticeable at lower concentrations (10 mg/ml). This indicates the presence of bioactive compounds—likely polyphenols, flavonoids, and other phytochemicals—that can neutralize reactive nitrogen species like NO, thereby contributing to the plant’s overall antioxidant profile. This study, therefore, adds to the growing body of evidence that invasive species, while problematic, can also be part of innovative solutions when their biological characteristics are fully understood and responsibly managed.
 

4. CONCLUSION
The present study on the aqueous extract of P. crassipes leaves provides compelling evidence that this species has provided valuable insights into the nutritional and biochemical potential of this aquatic macrophyte. The results demonstrated that the plant contains appreciable levels of proximate, amino acids, minerals and antioxidants.   The moderate protein and fibre contents indicate its potential as a supplementary feed ingredient for livestock, poultry, and aquaculture, while the appreciable ash fraction suggests the presence of essential minerals required for metabolic functions. The carbohydrate component further underscores its value as an alternative energy source, particularly in feed formulation or bioresource utilization.  The amino acid profile of P. crassipes leaf extract reveals a rich composition of both essential and non-essential amino acids, with particular enrichment in isoleucine, proline, threonine, arginine, and cystine. These findings highlight the dual nutritional and pharmacological significance of the plant. While the nutraceutical potential lies in its contributions to muscle growth, collagen synthesis, and antioxidant defence, the pharmacological prospects extend to cardiovascular regulation, neurotransmission, and immune modulation. Pontederia crassipes leaves are more than just an invasive aquatic weed; they are a reservoir of diverse bioactive compounds, including nutritionally rich amino acids and remarkably stable minerals and antioxidants, that could serve as leads for future drug development and natural product research.
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Mean (mg/l)	7.89
9.22
8.91
8.44

Magnesium (Mg)	Calcium (Ca)	Sodium (Na)	Potassium (K)	7.8897000000000004	9.2247000000000003	8.9097000000000008	8.44	
Concentration (mg/l)





Mean (mg/l)	3.78
5.28
0.082
0.84
0.089

Iron (Fe)	Manganese (Mn)	Selenium (Se)	Zinc (Zn)	Copper (Cu)	Cobalt (Co)	3.7806999999999999	5.2803000000000004	8.2299999999999998E-2	0.83699999999999997	1.0720000000000001	8.8700000000000001E-2	
Concentration (mg/l)





DPPH

BHT	0	10	20	40	80	0	98.5	98.5	98.5	98.5	P. crassippes	0	10	20	40	80	0	85.699999999999989	87.41	89.09	89.53	0	10	20	40	80	Concentration (mg/ml)


% Scavenging activity




ABTS

Garlic	100	200	300	74.209999999999994	78.86	82.03	P. crassippes	100	200	300	70.819999999999993	74.28	78.25	100	200	300	Concentration (mg/ml)


% Scavenging




Hydroxyl

Garlic	5	10	15	20	40	80	63.05	70.77	73.349999999999994	79.41	P. crassippes	5	10	15	20	40	80	57.67	60.49	61.42	61.42	5	10	15	20	40	80	Concentration (mg/ml)


% Scavenging activity




FRAP

Garlic	0	10	20	40	80	0	76.95	93.62	94.18	94.88	P. crassippes	0	10	20	40	80	0	17.38	28.01	34.39	40.78	0	10	20	40	80	Concentration (mg/ml)


% Inhibition




PAP

Garlic	0	10	20	40	80	0.01	0.27800000000000002	0.311	0.38300000000000001	0.42199999999999999	P. crassippes	0	10	20	40	80	0.01	8.4000000000000005E-2	9.7000000000000003E-2	0.108	0.111	0	10	20	40	80	Concentration (mg/ml)


Absorbance




RPA

% Inhibition	0	10	20	40	80	1E-3	39.369999999999997	41.14	40.96	42.73	0	10	20	40	80	0	10	20	40	80	Concentration (mg/ml)


% Inhibition



NO

Garlic	5	10	15	20	40	80	0.1075	0.17399999999999999	0.24049999999999999	0.29849999999999999	P. crassippes	5	10	15	20	40	80	0.13600000000000001	0.152	0.17	0.17549999999999999	Concentration (mg/ml)


Absorbance




Ion Chelating

P. crassippes	0	10	20	40	80	0	39.369999999999997	40.96	41.14	42.73	0	10	20	40	80	Concentration (mg/ml)


% Inhibition
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