Assessment of The Proximate, Mineral, Anti-nutrient, and Amino Acid Compositions of the Leaves and Stems of Alternanthera sessilis
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ABSTRACT  

	 Aims: This study aimed to provide a comprehensive nutritional evaluation of the leaves and stem of Alternanthera sessilis by determining their proximate composition, mineral profile, anti-nutritional factors, and amino acid compositions, thereby establishing scientific evidence for their dietary and nutritional relevance. The laboratory-based experimental study was carried out over a six-month period at Ekiti State University, Ado-Ekiti, Nigeria.  
Fresh Alternanthera sessilis plants were collected, authenticated, and separated into leaves and stem. The samples were cleaned, air-dried, pulverized and analyzed using established analytical protocols. Proximate composition was determined using AOAC methods. Mineral elements were quantified using flame photometry, colorimetry, and atomic absorption spectrometry. Anti-nutritional factors (saponins, tannins, alkaloids, and oxalates) were determined using standard chemical procedures, while amino acid profiles were analyzed by ion exchange chromatography. The leaves contained significantly higher levels of protein (13.30%), ash (16.71%), crude fat (4.76%), and essential minerals than the stem, whereas the stem exhibited higher carbohydrate (51.98%) and crude fibre (18.09%) contents. Potassium, phosphorus, and calcium were the predominant minerals, with favourable sodium–potassium ratios (<1.0) in both plant parts, suggesting potential cardiovascular benefits. Anti-nutritional factors were detected at low concentrations well below harmful limits. A total of eighteen amino acids were identified, with higher total amino acid content in the leaves.  In both samples, the amino acid with the highest concentration was aspartic acid while methionine had the least concentration. The findings position Alternanthera sessilis, especially its leaves, as a highly nutritious, safe, and under-exploited vegetable with strong potential to improve dietary diversity, address micronutrient deficiencies, and support food security in resource-limited populations. 
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1. INTRODUCTION 

“Alternanthera sessilis (L.) R. Br. ex DC is an edible leafy medicinal plant that belongs to the Amaranthaceae family” (Hwong et al., 2022). It is an annual or perennial herb that can be up to 1 meter tall (Holm et al., 1997). The plant is commonly known as sessile joyweed, or dwarf copperleaf, in English, dagunro in Yoruba, and mai kai dabu in Hausa (Quattrocchi, 2012). “Alternanthera sessilis (A. sessilis) probably originated from the tropical areas of America and then spread widely to the tropics and subtropical regions of the world” (Grubben and Denton, 2004). “The plant is a much-branched prostrate herb with branches often purplish and frequently rooting at the lower nodes. The leaves are simple, opposite, somewhat fleshy, lanceolate, oblanceolate or linear-oblong, obtuse or subacute, sometimes obscurely denticulate, glabrous and shortly petiolate” (Warrier et al., 1994). “The inflorescences are axillary, globose and sessile white heads, with very small bracts and bracteoles. The flowers comprise a 5-lobed perianth; each lobe is 2 mm-2.5 mm long and glabrous, consisting of 3 stamens and a few staminodes. The fruits are obcordate and of obtusely margined urticles” (Wiart, 2006). The young shoots and leaves of A. sessilis are eaten as vegetables (Quatrrocchi, 2012) in many places of the world. In Asia, it can be eaten raw as a salad or cooked as an herbal vegetable, either stir-fried or in soup (Koh et al., 2024). It is used as a vegetable in Nigeria and in South Africa (Shehzad et al., 2018). The whole plant is used in folklore medicine for the treatment of various disorders. For example, in Sri Lanka, it is useful for treating chronic congestion of the liver, biliousness and dyspepsia associated with poor liver function (Parrotta, 2024). It is also used to treat hepatitis, tight chests, bronchitis, asthma, and other lung troubles in Taiwan (Grubben and Denton, 2004). In addition to the treatment of asthma in Nigeria, it is used to treat liver disease and leprosy (Bello et al., 2023).

A. sessilis is widely distributed as a weed in Africa and other parts of the world (Holm et al., 1997).  It is commonly found on roadsides, gardens, rice fields, swamps and tea plantations (Grubben and Denton, 2004). To satisfy the world population’s need for food and nourishment, experts have emphasized the need to seek alternative food sources (Agarwal et al., 2025). Moreover, to ensure adequate food supply and consumption, the inclusion of edible weeds in the human diet has been a fundamental practice. Edible weeds enhance dietary diversity and are easily obtainable.  Furthermore, some edible weeds have medicinal properties, and they offer a variety of minerals and micronutrients that play a crucial role in the prevention of chronic diseases (Ebel and Menalled, 2024).  Conducting detailed research on the nutritional potential of A. sessilis leaves and stems will provide insight into the nutritional and medicinal potential of this plant, and this can promote dietary diversity, especially in resource-limited regions. This study therefore evaluates the proximate composition, mineral profile, anti-nutrients and amino acid contents of A. sessilis leaves and stems.

2. material and methods  

2.1 Sample Collection and Preparation
Fresh A. sessilis plants were collected from the Ekiti State University agricultural farmland. The plant sample was authenticated by Mr Felix Omotayo, a taxonomist in the Department of Plant Science and Biotechnology, Ekiti State University, Ado Ekiti, Nigeria, and a voucher specimen (UHAE 2024047) was deposited in the herbarium. 
The leaves were separated from the stems, and they were separately rinsed three times with distilled water to remove superficial dirt and debris. The cleaned plant parts were air-dried for about two weeks. Once completely dried, the leaves and the stems were pulverized separately by using a laboratory blender and stored in an airtight container prior to analysis.

2.2 Proximate Analysis
“The proximate composition of the plant samples (leaves and stems) which include moisture, ash, crude fat and crude fibre contents were determined according to the standard methods of the Association of Official Analytical Chemists” (AOAC, 2019), protein content was determined by using the procedure described by Adeoti et al. (2021) while carbohydrate content was determined by difference as reported by Amadi et al. (2004). Energy content (kcal/100g) was determined by multiplying the mean values of crude protein, crude fat, and total carbohydrate by the Atwater factors of 4, 9, and 4, respectively (Onyeike and Nkwuzor , 2006).

2.2.1 Determination of moisture content
“2.0 grams of the sample was accurately weighed into a previously cleaned, dried and weighed crucible. The crucible with its content was put into a Gallenkamp drying oven at 105 0C for 3 hours. The sample was cooled in desiccators and weighed. The process was repeated until a constant weight was obtained. The loss in weight expressed as a percentage of the initial weight of sample gave the percent moisture” (AOAC, 2019).
% Moisture = (weight of wet sample – weight of dry sample) x 100
                                  Sample weight

[bookmark: _Toc167658030][bookmark: _Toc189843561][bookmark: _Toc215136324]2.2.2 Determination of ash content 
1 gram of the sample was weighed into a clean dried and cooled crucible.   The organic matter was burnt off by igniting the sample over a low flame (with lid removed) until the sample became charred. The crucible was then transferred to the muffle furnace at 5500C (lid removed). The ashing continued until a light grey or white ash was observed. The crucible was then cooled in a desiccator and weighed. The percentage ash content was calculated as: 
   % Ash           =     weight of ash          x 100
                                weight of original sample

2.2.3 Determination of fat content
“For the determination of fat content, the Soxhlet extraction method was used. 2 g of sample was weighed into a filter paper. The filter paper with sample was folded neatly. Sample was thereafter placed inside a pre-dried thimble. Thimble with sample was inserted into the Soxhlet flask. A clean and dried boiling flask was weighed (W1) and diethyl ether was poured into it. The boiling flask containing diethyl ether, Soxhlet flask with sample and condenser were assembled. Extraction was carried out under reflux for six hours. After extraction, the thimble was removed from the extraction barrel and dried. The solvent was distilled off and the boiling flask containing the fat was dried in the oven at a low temperature. The weight of the flask plus oil was recorded (W2). Fat extracted from given quantity of sample was then calculated as the percentage fat content” (AOAC, 2019).
   % fat             =     (weight of flask + fat) -  (weight of flask)    x 100
                                              Sample weight
 	           =            W2 –W1             x   100
                                  Weight of original sample

[bookmark: _Toc167658031][bookmark: _Toc189843563][bookmark: _Toc215136326]2.2.4 Crude fibre content determination 
“2 g of the defatted sample (from crude fat determination) was transferred into a 250 cm3 Erlenmeyer flask and 2.5 cm3 of 1.25% H2SO4 was added. The content of the flask was boiled under reflux and digested for 30 minutes. At the end of the 30 minutes, the content was filtered and subsequently washed with boiling water until the washings was no longer acidic using blue litmus paper. The sample was washed back into the flask with 200 cm3 boiling 1.25% NaOH solution and boiled for 30 minutes. It was filtered and thoroughly washed with boiling water until the washings was no longer alkaline using red litmus paper. The crucible with its content was then dried in an oven at 105 0C overnight and cooled in a desiccator and weighed. The crucible with its content was ignited in a furnace at 600 0C for 30 minutes, cooled and weighed. The loss in weight was expressed as a percentage of the initial weight of the sample” (AOAC, 2019). 
Crude fibre (%) = (Wt. of crucible + sample before ignition) – (weight of crucible + ash) x 100
                                              Weight of sample

2.2.5 Crude protein content determination
[bookmark: _Toc167658032][bookmark: _Toc189843565][bookmark: _Toc215136328]“About 3 g of the sample was weighed into micro Kjeldahl digestion flask and one tablet of Selenium catalyst was added. The mixture was digested on an electro thermal heater until clear solution was obtained. The flask was allowed to cool after which the solution was diluted with distilled water to 50 ml. About 5 ml of this was transferred into the distillation apparatus. 5 ml of 2% boric acid was pipetted into a 100 ml conical flask (the receiver flask) and four drops of screened methyl red indicator were added. About 50% NaOH was continually added to the digested sample until the solution turned cloudy which showed that the solution had become alkaline. Then distillation was carried out into the boric acid solution in the receiver flask with the delivery tube below the acid level. As the distillation continues, the pink color solution of the receiver flask turned blue indicating the presence of ammonia. Distillation was continued until the content of the flask was about 50 ml after which the delivery of the condenser was rinsed with distilled water. The resulting solution in the conical flask was then titrated with 0.1M HCl” (Adeoti et al., 2021). 
2.2.6 Carbohydrate content determination 
Total percentage carbohydrate (Nitrogen Free Extract) was determined by difference as reported by Amadi et al., (2004). This method involves adding the total values of crude protein, crude fat, crude fiber, moisture and ash constituents of the sample and subtracting it from 100. The value obtained is the percentage carbohydrate. 
% Carbohydrate = 100 – (% moisture + % ash + % protein + % fat + % fiber)

2.3 Mineral Analysis 
The levels of Sodium (Na) and Potassium (K) were quantified using flame emission photometry (calibrated with NaCl and KCl standards). Phosphorus was determined colorimetrically using KH2PO4 as a standard. All other metals were analyzed by Atomic Absorption Spectrometry (AAS) (Akinsola and Omotayo, 2019).
2.3 Determination of Anti-nutrients
2.3.1 Determination of saponins
“Twenty grams (20 g) of the sample was dispersed in 200 ml of 20% ethanol. The suspension was heated over a hot water bath for 4 h with continuous stirring at about 55 °C. The mixture was filtered and the residue re-extracted with another 200 ml of 20% ethanol. The combined extracts were reduced to 40 ml over water bath at about 90 °C. The concentrate was transferred into a 250 ml separatory funnel and 20 ml of diethyl ether was added and shaken vigorously. The aqueous layer was recovered while the ether layer was discarded. The purification process was repeated. 60 ml of n-butanol was added. The combined n-butanol extracts were washed twice with 10 ml of 5% aqueous sodium chloride. The remaining solution was heated in a water bath. After evaporation, the samples were dried in the oven to a constant weight and the saponin content was calculated” (Obadoni and Ochuko, 2001).
2.3.2 Determination of tannins
“Two hundred milligrams (200 mg) of the sample was added to 70% aqueous acetone and properly covered. The mixture was placed in an ice bath and shaken for 2 h at 30oC. The mixture was later centrifuged at 3,600 rpm. 0.2 ml of the mixture was pipetted into test tubes and 0.8 ml of distilled water was added. Standard tannic acid solutions were prepared from a 0.5 mg/ml stock and the solution made up to 1 ml with distilled water. 0.5 ml Folin reagent was added to both sample and standard solution and then followed by the addition of 2.5 ml of 20% Na2CO3. The solutions were then vortexed and allowed to incubate for 40 minutes at room temperature after which absorbance was measured at 725 nm” (Day and Underwood, 1986)
2.3.3 Determination of alkaloids
“Five grams (5 g) of the sample were weighed into a 250 ml beaker and 200 ml of 20% acetic acid in ethanol was added and covered to stand for 4 h. This was filtered and the extract was concentrated using a water bath to one-quarter of the original volume. Concentrated ammonium hydroxide was added drop wise to the extract until the precipitation was complete. The whole solution was allowed to settle and the precipitate was collected by filtration and weighed” (Obadoni and Ochuko, 2001).
2.3.4 Determination of oxalates 
The titration method described by Day and Underwood (1986) was used for the determination of oxalate content. 1 g of dried powdered sample was weighed into 100 ml conical flask. A quantity (75 ml) of sulphuric acid (3 M) was added and stirred for 1 h with a magnetic stirrer. The mixture was filtered through Whatman No. 4 filter paper and 25 ml of the filtrate was titrated while hot against KMnO4 solution (0.05 M) to the end point.
2.4 Amino acid Analysis
Amino acid composition was determined using ion exchange chromatography (IEC) on a Technicon Sequential Multisample (TSM) Amino Acid Analyzer (Technicon Instruments Corporation, New York). The detailed analytical procedure followed the methods reported by Adeyeye (2010). Norleucine served as the internal standard, and the reported amino acid values represent the average of two separate determinations.
Statistical Analysis   

Statistical analysis was performed using SPSS (version 22). Data were presented as means ± standard deviations. Differences between Alternanthera sessilis leaves (ASL) and Alternanthera sessilis stem (ASS) were examined using independent samples t-tests.
Statistical significance was evaluated using two-tailed tests with an alpha level of p < 0.05. To complement hypothesis testing, 95% confidence intervals (CI) for mean differences were calculated and reported. 
3. results and discussion

3.1 Proximate Composition 
The results of the proximate composition of A. sessilis leaves and stems, as shown in Table 1, revealed that ASL and ASS exhibited moisture contents of 10.46% and 10.31%, respectively. “The amount of moisture in food influences its water activity, which in turn determines the amount of water available for enzymatic and microbiological activities” (Okache et al., 2025). “The crude protein value obtained in this study for ASL and ASS (13.30% and 6.18%) showed that ASL had a higher value than ASS.  Protein, an essential component of the human diet, is necessary for tissue repair, energy production, and the provision of adequate amounts of essential amino acids” (Igile et al., 2013). A. sessilis leaves and stems may contribute to rural communities' access to inexpensive and readily available protein.
The level of crude fat detected in A. sessilis leaves (4.76%) was more than the 1.92% found in the stems. The fat obtained for the two samples was lower than the range of values (8.160-12.070%) reported for selected vegetables by Umar et al. (2022). “The level of fat observed in these samples is consistent with the general finding that leafy vegetables are low in lipids” (Kumar et al., 2020).
“The ash content of the sample refers to the entirety of the inorganic residue remaining after the sample has undergone complete combustion; it is an essential indicator of the mineral content in the sample” (Yimer et al., 2023).  Ash content of ASL (16.71%) was higher than ASS (11.52%), an implication of a better level of mineral concentration in the leaves in comparison with the stems.
Crude fibre indicates the amount of indigestible carbohydrate and lignin present in plant tissues. The crude fibre level of ASS (18.09%) was higher than that of ASL (15.21%). According to the provisions of Codex Alimentarius (2009), food containing more than 6 g/100 g of dietary fibre can be considered as having a high content of dietary fibre. “This result showed that the samples are better sources of fibre when compared with the leaves of three leafy vegetables (Amaranthus cruentus, Celusia argenta and Corchorus olitorius) commonly consumed in Lagos, with a crude fibre range of 6.70–11.70%” (Onwordi et al., 2009).  “Dietary fibre promotes bowel regularity, softens stools, and enables frequent waste elimination.  Low dietary fibre intake is associated with an increased risk of cardiovascular disease” (Compaore-Sereme et al., 2022).
Carbohydrates were the major macronutrient constituents present in both A. sessilis leaves (39.56%) and the stems (51.98%), with the stems having a higher value.  A. sessilis leaves and stems had a higher level of carbohydrates than the leaves of Ficus exasperata (38.73%; Ajayi et al., 2012); Brillantaisia patula (38.6%; Akinsola et al., 2021); and Corchorus tridens (7.29%; Sanigwarzo, 2018). “Carbohydrates have traditionally supplied the bulk of the energy in most human diets” (Webb and Webb, 2007). The results in this study showed that the samples are good sources of carbohydrates. The energy value of A. sessilis leaves (254 kcal/100g) and stems (250 kcal/100g) were moderate, suggesting that the plant parts may be a great source for daily energy requirements.

Table 1.  Proximate composition (%) and Energy value (kcal/100g) of A. sessilis leaves and stems 
	Parameter 
	ASL
	ASS

	Moisture
	10.46±0.06
	10.31±0.04

	Protein
	13.30±0.06
	6.18±0.06

	Crude fibre
	15.21±0.04
	18.09±0.04

	Ash
	16.71±0.04
	11.52±0.08

	Crude fat
	4.76±0.06
	1.92±0.06

	Carbohydrates
	39.56±0.06
	51.98±0.06

	Energy value
	254
	250


Results are presented as mean values ± standard deviation of duplicate determinations
 ASL= Alternanthera sessilis leaves       ASS =Alternanthera sessilis stems

Table 2: Independent samples t-test results for proximate composition of A. sessilis leaves and stems
	Proximate Component
	t(df)
	p-value
	Mean Difference (ASL–ASS)
	95% Confidence Interval

	Moisture
	3.00 (2)
	0.095
	0.15
	[−0.07, 0.37]

	Protein
	111.88 (2)
	<0.001
	7.12
	[6.85, 7.39]

	Fat
	50.21 (2)
	<0.001
	2.84
	[2.60, 3.08]

	Ash
	77.37 (2)
	<0.001
	5.19
	[4.90, 5.48]

	Crude fibre
	−67.88 (2)
	<0.001
	−2.88
	[−3.06, −2.70]

	Carbohydrate
	−206.20 (2)
	<0.001
	−12.42
	[−12.67, −12.16]



Note. Positive mean differences indicate higher values in ASL than ASS, whereas negative values indicate higher concentrations in ASS. Results are reported assuming equal variances.

Independent samples t-tests was conducted to compare the proximate composition of ASL and ASS samples (Table 2). Protein content differed significantly between the groups, with ASL showing higher levels than ASS (t(2) = 111.88, p < 0.001). This difference was precise and robust, as indicated by a 95% confidence interval ranging from 6.85 to 7.39, which does not include zero.
Similarly, fat content was significantly higher in ASL (t(2) = 50.21, p < 0.001), with the mean difference supported by a narrow 95% confidence interval of 2.60 to 3.08. Ash content also showed a statistically significant group difference (t(2) = 77.37, p < 0.001), with the 95% confidence interval (4.90 to 5.48) indicating consistently higher ash content in ASL. 
3.2 Mineral Profile of A. sessilis leaves and stems
The mineral analysis results of the leaves and the stems of the A. sessilis plant as shown in Table 3 revealed that all the major minerals had higher mineral levels in the leaves than in the stems, although the concentration of sodium was not significant. “Phosphorus had the highest concentration, followed by potassium, calcium, sodium and magnesium in both leaves and stems. Phosphorus plays a vital role in normal kidney functioning and transfer of nerve impulse” (Igile et al., 2013). “Potassium is the most abundant cation in intracellular fluid where it plays a key role in maintaining cell function” (Stone et al., 2016). “Calcium plays important roles in the formation process of new bone and maintenance of existing bone by collaborating with other factors such as phosphorus, vitamin D and calcium-binding proteins” (Beto, 2015). “Magnesium plays a significant role in glucose and insulin metabolism (Guerrera et al., 2009). As the primary extracellular cation, sodium exerts an osmotic effect that plays a critical role in regulating extracellular fluid volume and maintaining blood pressure” (Strazzullo and Abate, 2025).
“Among the micronutrients present, iron, zinc and copper had higher concentrations in the leaves. This results revealed that the leaves would be a better source of these micronutrients when compared with the stem. However, the stems had a higher content of manganese. The major function of iron is related to the synthesis of haemoglobin and myoglobin” (Huskisson et al., 2007).  “Zinc plays an important role in the metabolism of thyroid hormones. It regulates the synthesis of thyroid-releasing and thyroid-stimulating hormones” (Severo  et al., 2019). “Zinc deficiency has been linked to delayed wound healing” (Lansdown et al., 2007). “Copper is involved in haemoglobin synthesis, connective tissue metabolism, bone development, tryptophan synthesis and iron transport” (Beshaw et al., 2022). Manganese is involved in the synthesis and activation of multiple enzymes in the human body and it is a required cofactor in a variety of metalloenzymes Kippler  and Oskarsson, A. (2024). The Na/K and the Ca/P ratios are nutritionally important parameters. The Na/K ratio was less than 1.0 for both samples. “A diet low in sodium (Na) and high in potassium (K) is widely recommended as a strategy to lower blood pressure and to reduce the risk of cardiovascular disease” (Perez and Chang, 2014). “The Ca/P ratio of both samples slightly exceeded 0.5, which is the minimum ratio required to promote efficient calcium absorption in the intestine for proper bone formation” (Nieman, 1992). Lead was not detected in both samples, which is a nutritional advantage, as lead is not good for any biochemical function in the body, and its presence is an indication of the onset of pollution.  

Table 3. Mineral composition of A. sessilis leaves and stems (mg/100 g)
	Minerals
	ASL
	ASS

	Sodium (Na)
	101±1
	96.0±2.8

	Potassium (K)
	1002±1
	886±1 

	Calcium (Ca)
	926±2
	673±1

	Magnesium (Mg)
	28.56±0.01
	24.68±0.01

	Phosphorus (P)
	1200±1
	652±1

	Iron (Fe)
	16.54±0.23
	8.74±0.08 

	Manganese (Mn)
	4.95±0.07
	7.10±0.14

	Zinc (Zn)
	9.11±0.1
	5.16±0.28

	Copper (Cu)
	3.41±0.04
	2.46±0.28

	Lead (Pb)
	ND
	ND

	Na/K
	0.10
	0.11

	Ca/P
	0.77
	1.03


     Results are presented as mean values ± standard deviation of duplicate determinations
     ASL= Alternanthera sessilis leaves       ASS = Alternanthera sessilis stems

Table 4. Independent samples t-Test Results for mineral content of A. sessilis leaves and stems
	Mineral
	t(df)
	p-value
	Mean Difference (ASL–ASS)
	95% Confidence Interval

	Sodium
	2.24 (2)
	0.155
	5.00
	[−4.62, 14.62]

	Potassium
	104.20 (2)
	<0.001
	116.50
	[111.69, 121.31]

	Magnesium
	346.59 (2)
	<0.001
	3.88
	[3.83, 3.92]

	Calcium
	163.08 (2)
	<0.001
	252.90
	[246.23, 259.57]

	Phosphorus
	667.45 (2)
	<0.001
	547.35
	[543.82, 550.88]

	Iron
	45.65 (2)
	<0.001
	7.80
	[7.06, 8.54]

	Manganese
	19.23 (2)
	0.003
	2.15
	[1.67, 2.63]

	Zinc
	54.26 (2)
	<0.001
	3.95
	[3.64, 4.26]

	Copper
	26.35 (2)
	0.001
	0.95
	[0.79, 1.11]



Note. Results are based on independent samples t-tests assuming equal variances. Positive mean differences indicate higher mineral concentrations in ASL relative to ASS.

As shown in Table 4, independent samples t-tests assuming equal variances were performed to compare the mineral content of ASL and ASS samples. The analysis revealed no significant difference in sodium levels between the two groups (t(2) = 2.24, p = 0.155), as the 95% confidence interval for the mean difference (−4.62, 14.62) included zero, indicating that the observed difference could be due to chance.
In contrast, all other minerals were significantly higher in ASL compared with ASS, including potassium (t(2) = 104.20, p < 0.001, 95% CI: [111.69, 121.31]), magnesium (t(2) = 346.59, p < 0.001, 95% CI: [3.83, 3.92]), calcium (t(2) = 163.08, p < 0.001, 95% CI: [246.23, 259.57]), phosphorus (t(2) = 667.45, p < 0.001, 95% CI: [543.82, 550.88]), iron (t(2) = 45.65, p < 0.001, 95% CI: [7.06, 8.54]), manganese (t(2) = 19.23, p = 0.003, 95% CI: [1.67, 2.63]), zinc (t(2) = 54.26, p < 0.001, 95% CI: [3.64, 4.26]), and copper (t(2) = 26.35, p = 0.001, 95% CI: [0.79, 1.11]). The 95% confidence intervals for these minerals did not include zero, indicating that the observed differences were robust and unlikely to be due to sampling variability.

3.3 Anti-nutrient composition of A. sessilis leaves and stems
Results of some of the anti-nutrient contents of A. sessilis leaves and stems are shown in Table 5. The level of saponins in the leaves (0.12 mg/g) was higher than that of the stems (0.04 mg/g). “Saponins can form insoluble complexes with minerals such as iron, zinc, and calcium, which reduces their bioavailability” (Ghosh, 2020). “Saponins are effective for treating infections caused by yeast and fungi at moderate levels, as they have natural antimicrobial properties” (Sodipo et al., 2000).
Tannins were detected at concentrations of 8.18 mg/g in the leaves and 2.33 mg/g in the stems. Tannins are natural polyphenols that reduce protein digestibility by complexing with proteins and inhibiting enzymes (Gull et al., 2016). “Tannins also play multiple roles in food and health systems, functioning as natural preservatives due to their antimicrobial properties and also providing anti-parasitic and astringent effects when used medicinally” (Babaniyi et al., 2025).
Alkaloids were present at very low concentrations in both leaves (0.17 mg/g) and stems (0.08 mg/g). “Alkaloids are designed to be anti-nutrients because they affect the nervous system by blocking or incorrectly speeding up electrochemical transmission” (Salim et al., 2023).
The oxalate content was higher in the leaves (0.74 mg/100 g) compared to the stems (0.11 mg/100 g). “It has been reported that oxalates bind calcium and magnesium and interfere with the absorption and metabolism of these metals; hence, the need to limit dietary intake” (Ooko Abong’ et al., 2020). Toxicity of oxalates for humans was set as 2-5 g/day (Patricia et al., 2014). The level of oxalates obtained in the present study was below those considered harmful.

Table 5. Anti-nutrient contents of A. sessilis leaves and stems
	Parameters
	ASL
	ASS

	Saponins (mg/g) 
	0.12±0.0
	0.04±0.01

	Tannins (mg/g) 
	8.18±0.11
	2.33±0.1

	Alkaloids (mg/g) 
	0.17±0.01
	0.08±0.0

	Oxalate (mg/100g) 
	0.74±0.02
	0.11±0.01


  Results are presented as mean values ± standard deviation of duplicate determinations
 ASL= Alternanthera sessilis leaves       ASS =Alternanthera sessilis stems

Table 6. Independent samples t-test results for anti-nutrient content of A. sessilis leaves and stems
	Anti-nutrient
	t(df)
	p-value
	Mean Difference (ASL–ASS)
	95% Confidence Interval

	Saponins
	8.00 (2)
	0.015
	0.080
	[0.037, 0.123]

	Tannins
	55.03 (2)
	<0.001
	5.850
	[5.393, 6.307]

	Oxalate
	39.85 (2)
	0.001
	0.630
	[0.562, 0.698]

	Alkaloid
	9.00 (2)
	0.012
	0.090
	[0.047, 0.133]


Note. Results are based on independent samples t-tests assuming equal variances. Confidence interval (CI) represent 95% limits for the mean difference. ASL–ASS values greater than zero indicate higher concentrations in ASL.

The analysis indicated statistically significant differences across all measured anti-nutrients (Table 6). The saponins level significantly higher in ASL than ASS (t(2) = 8.00, p = 0.015), with a mean difference of 0.080 and a 95% confidence interval of [0.037, 0.123], confirming that the difference is unlikely to be due to chance. Tannins also exhibited a large and significant group difference (t(2) = 55.03, p < 0.001), with a mean difference of 5.850 and a 95% CI of [5.393, 6.307], indicating substantially higher concentrations in ASL. Oxalate levels were significantly greater in ASL compared with ASS (t(2) = 39.85, p = 0.001; mean difference = 0.630, 95% CI [0.562, 0.698]), as were alkaloid concentrations (t(2) = 9.00, p = 0.012; mean difference = 0.090, 95% CI [0.047, 0.133]).
In all cases, the 95% confidence intervals did not include zero, supporting the robustness and reliability of the observed differences. Collectively, these results demonstrate that ASL sample contain significantly higher levels of anti-nutrients than ASS sample.

 
 3.4 Amino acid concentration of A. sessilis leaves and stems 
The amino acid compositions of A. sessilis leaves and stems are presented in Table 7. In this study, a total of eighteen amino acids were identified in the leaves and stems of the A. sessilis plant.  Aspartic acid, a non-essential amino acid, had the highest concentration in both samples, with 18.24 and 15.89 g/100 g cp in the leaves and stems, respectively.  This result is contrary to the observation of some researchers who had earlier reported on plant leaves. For example, Akinsola et al. (2021) and Ogungbenle and Otemuyiwa (2015) reported that glutamic acid was the most concentrated amino acid in B. patula and Celosia spicata leaves.  However, Argungu et al. (2022) reported that “aspartic acids had the highest concentration in Moringa oleifera raw seed”.  Aspartic acid plays an important role in the citric acid cycle, or Krebs cycle, during which other amino acids and biochemicals (such as asparagine, arginine, lysine, threonine and isoleucine) are synthesized (Eid et al., 2011).  Glutamic acid is the predominant excitatory neurotransmitter in the CNS (Barry and Wills, 2013).
The sulphur-containing amino acids, methionine and cystine, exhibited the lowest concentrations in both ASL (0.66 and 0.98 g/100 g cp) and ASS (0.55 and 0.99 g/100 g cp), respectively. Methionine is needed for the synthesis of choline, which in turn forms lecithin and other phospholipids in the body (Adeyeye and Adesina, 2014). Cystine is believed to have an antioxidant effect in the body (Thompson, 2005).  Among the ten essential amino acids found in both samples, arginine (5.71 g/100 g cp) was the most abundant in ASL, followed by valine (5.47 g/100 g cp) and leucine (4.86 g/100 g cp).  However, in ASS, arginine (5.58 g/100 g cp) was the predominant essential amino acid, and after that, leucine (5.12 g/100 g cp) and valine (5.07 g/100 g cp). Arginine is a precursor for the synthesis of nitric oxide (NO) (Andrew and Mayer, 1999), making it important in the regulation of blood pressure (Gokce, 2004). “Valine is an essential glucogenic branched-chain amino acid” (Canfield and Bradshaw, 2019). “Leucine regulates blood-sugar levels and supports muscle and bone tissue, wound healing and growth hormone production” (Sweatt et al. 2014).
There was a marked difference in total amino acid (TAA) concentration, with ASL showing higher levels than ASS. The TAA obtained for both stems and leaves in the present study was higher than the TAA of A. hybridus (73.38 g/100 g cp) and T. occidentalis (80.39 g/100 g cp) leaves (Aja et al., 2021) and the TAA of Moringa oleifera raw seed (74.86 g/100 g protein), leaf (69.59 g/100 g protein) and root (64.53 g/100 g protein) (Okereke and Akaninwor, 2013), which makes A. sessilis leaves and stems better sources of protein. 

Table 7. Amino acid concentration of A. sessilis leaves and stems (g/100g cp)
	Amino acid Profile
	ASL
	ASS

	Glycine (Gly)
	5.19±0.06
	4.45±0.14

	Alanine (Ala)
	4.25±0.04
	3.93±0.12

	Serine (Ser)
	3.67±0.32
	3.43±0.02

	Proline (Pro)
	5.92±0.26
	5.84±0.03

	Valine (Val)*
	5.47±0.52
	5.07±0.05

	Threonine (Thr)*
	3.54±0.28
	4.02±0.15

	Isoleucine (IIe)*
	3.27±0.06
	3.42±0.04

	Leucine (Leu)*
	4.86±0.28
	5.12±0.33

	Aspartic acid (Asp)
	18.24±0.33
	15.89±1.56

	Lysine (Lys)*
	4.62±0.33
	4.15±0.16

	Methionine (Met)*
	0.66±0.05
	0.55±0.01

	Glutamic acid (Glu)
	14.50±0.01
	15.23±0.06

	Phenylalanine (Phe)*
	2.96±0.01
	3.62±0.13

	Histidine (His)*
	2.11±0.01
	2.11±0.01

	Arginine (Arg)*
	5.71±0.21
	5.58±0.01

	Tyrosine (Tyr)
	2.73±0.07
	2.52±0.23

	Tryptophan (Trp)*
	1.12±0.17
	0.96±0.06

	Cystine (Cys)
	0.98±0.21
	0.99±0.03

	TAA
	89.80
	86.88


  Results are presented as mean values ± standard deviation of duplicate determinations
 ASL= Alternanthera sessilis leaves       ASS =Alternanthera sessilis stems
* Essential Amino Acids,                    TAA = Total Amino Acids 
Table 8. Independent samples t-test comparing amino acid composition between A. sessilis leaves and stems
	Amino acid
	T
	df
	p-value
	Mean difference
	95% Confidence Interval

	Glycine
	6.703
	2
	0.022
	0.735
	[0.263, 1.207]

	Alanine
	3.612
	2
	0.069
	0.320
	[−0.061, 0.701]

	Serine
	1.064
	2
	0.399
	0.240
	[−0.730, 1.210]

	Proline
	0.403
	2
	0.726
	0.075
	[−0.726, 0.876]

	Valine
	1.091
	2
	0.389
	0.400
	[−1.178, 1.978]

	Threonine
	−2.167
	2
	0.163
	−0.480
	[−1.433, 0.473]

	Isoleucine
	−2.914
	2
	0.100
	−0.150
	[−0.371, 0.071]

	Leucine
	−1.081
	2
	0.393
	−0.255
	[−1.270, 0.760]

	Aspartic acid
	2.087
	2
	0.172
	2.355
	[−2.501, 7.211]

	Lysine
	1.792
	2
	0.215
	0.465
	[−0.651, 1.581]

	Methionine
	3.111
	2
	0.090
	0.110
	[−0.042, 0.262]

	Glutamic acid
	−15.727
	2
	0.004
	−0.725
	[−0.923, −0.527]

	Phenylalanine
	−7.653
	2
	0.017
	−0.655
	[−1.023, −0.287]

	Histidine
	0.000
	2
	1.000
	0.000
	[−0.030, 0.030]

	Arginine
	0.896
	2
	0.465
	0.130
	[−0.494, 0.754]

	Tyrosine
	1.247
	2
	0.339
	0.215
	[−0.527, 0.957]

	Tryptophan
	1.287
	2
	0.327
	0.165
	[−0.386, 0.716]

	Cystine
	−0.066
	2
	0.953
	−0.010
	[−0.661, 0.641]



Note: Significant values at p < 0.05 are shown in bold.

[bookmark: _GoBack]An independent samples t-test was conducted to compare the amino acid composition of ASL and ASS samples as revealed in Table 8. Most amino acids did not differ significantly between the two groups (p > 0.05). However, Glycine showed a statistically significant difference between groups (t(2) = 6.703, p = 0.022), with higher mean levels in ASL, and a 95% confidence interval for the mean difference that did not include zero (95% CI: 0.26 to 1.21). Similarly, Glutamic acid differed significantly between groups (t(2) = −15.727, p = 0.004), indicating lower concentrations in ASL compared with ASS, with a 95% confidence interval ranging from −0.92 to −0.53. Phenylalanine also showed a significant group difference (t(2) = −7.653, p = 0.017), with lower levels in ASL and a corresponding 95% confidence interval of −1.02 to −0.29. For the remaining amino acids, the 95% confidence intervals included zero, confirming the absence of statistically significant differences. Overall, these findings indicate that although the general amino acid profiles of ASL and ASS are largely comparable, specific amino acids exhibit robust group-dependent differences as reflected by confidence interval estimates.
 
4. Conclusion

The findings of this study demonstrate that A. sessilis, particularly its leaves, is a nutritionally rich vegetable with appreciable amounts of protein, essential minerals, dietary fibre, and amino acids, while containing low and safe levels of anti-nutritional factors. The favourable mineral ratios and absence of toxic heavy metals further enhance its nutritional value. These results support the inclusion of A. sessilis in human diets, especially in resource-limited communities, as a sustainable and affordable source of nutrients that can contribute to dietary diversity and food security.
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