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Evaluation of the Mineral Element Profile of Pterocarpus santalinoides (Nturukpa) Using Atomic Absorption Spectroscopy
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ABSTRACT

	Aims: This study aimed to evaluate the mineral element profile of Pterocarpus santalinoides (locally known as “Nturukpa”) to assess its nutritional and food safety potentials.
Study Design: A comparative laboratory analysis was performed using atomic absorption spectroscopy (AAS) on tender and mature leaves.
Methodology: Ten grams of tender and mature leaf samples were collected from Otu Ansa in Calabar, identified botanically, washed, dried, and extracted via Soxhlet extraction using distilled water. AAS analysed the extracts to quantify key macro (hydrogen, nitrogen, phosphorus, calcium, potassium, magnesium) and microelements (nickel, silicon, zinc, iron, copper, manganese). Data were statistically processed using SPSS, with significance determined at P = .05 by ANOVA.
Results: Tender leaves exhibited significantly higher concentrations of calcium, potassium, magnesium, zinc, iron, copper, manganese, nickel, and silicon compared with matured leaves. Notably, the tender leaf calcium level was 89.80 ± 0.01 mg/kg versus 56.24 ± 0.38 mg/kg in mature leaves, while iron content reached 323.93 ± 0.01 mg/kg in tender leaves compared to 202.86 ± 0.02 mg/kg in matured samples.
Conclusion: The enhanced mineral profile of the tender leaves suggests that Pterocarpus santalinoides could be a valuable dietary supplement, with implications for nutritional interventions and food safety
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1. INTRODUCTION 

The global transition toward plant-based nutrition has highlighted the important role of underutilized vegetables in improving human health and environmental sustainability (Pan et al., 2024; Chen et al., 2023). Systematic reviews of prospective cohort studies have consistently shown that higher adherence to plant-based dietary patterns is associated with significant reductions in cardiovascular disease, type 2 diabetes, and certain types of cancer (Li et al., 2023; Wang et al., 2024). Moreover, randomized controlled trials confirm that plant-focused interventions lower blood pressure and improve glycaemic control, underscoring their potential in both prevention and management of noncommunicable diseases (Clark & Slavin, 2023).
[bookmark: _Hlk184720909]The exploration of plant-based nutrition has garnered increasing interest, largely due to its positive implications for human health and environmental sustainability (Agiang et al., 2016). Plants contain a diverse array of essential nutrients and bioactive compounds that play key roles in maintaining health and mitigating the risk of various diseases (Vinnari and Vinnari, 2014). In sub-Saharan Africa, leafy vegetables constitute an essential component of local diets, supplying key micronutrients where animal-source foods are scarce or unaffordable a notable plant in this context is Pterocarpus santalinoides, referred to as "nturukpa" in certain regions of West Africa. This tree, a member of the Fabaceae family, has long been valued for its multifaceted uses, encompassing traditional medicine, dye production, and as a source of food (Akinsola et al., 2022). Pterocarpus santalinoides is indigenous to tropical Africa (Engwa et al., 2018), where it has historically been used for various purposes. Its leaves, roots, and bark are recognised for their medicinal benefits, while the seeds and other plant parts are occasionally incorporated into local culinary practices. The extensive traditional knowledge surrounding this plant emphasises the need for rigorous scientific investigation to substantiate its nutritional content and explore its potential health benefits. It is traditionally incorporated into soups and folk remedies for its purported antimicrobial and antioxidant activities. Despite widespread use, quantitative data on its mineral element composition, especially contrasting tender and mature leaves, remain limited. To accurately assess its potential in human diets and broader applications in the nutraceutical and functional food sectors, a detailed analysis of its nutritional content is essential.
Atomic absorption spectroscopy (AAS) is the reference method for precise quantification of macro- (e.g., calcium, magnesium, potassium) and trace elements (e.g., iron, zinc, nickel) in plant matrices (Pan et al., 2024). Recent advances in AAS, including graphite furnace techniques, have further improved detection limits for challenging matrices and enabled simultaneous assessment of nutritionally beneficial and potentially toxic metals (Li & Zhao, 2024).This study applies flame AAS to comprehensively profile essential macro- and trace mineral elements in tender versus mature leaves of P. santalinoides. By generating detailed quantitative data, we aim to inform dietary recommendations, assess food safety risks, and support the strategic inclusion of “Nturukpa” within nutrition-sensitive and food security interventions across nutrient-deficient regions of West Africa.

2. material and methods 

2.1 Sample Collection and Identification 
Leaf samples of Pterocarpus santalinoides were collected from Otu Ansa, Calabar (13 May 2024) and transported to the laboratory. The collection followed standard phytobotanical guidelines, ensuring that voucher specimens included reproductive structures for accurate identification (Bridson & Forman, 1998). Samples (10 g per replicate) were placed in labelled polyethene bags, transported on ice to the laboratory, and stored at 4 °C until processing.
A voucher specimen was prepared and authenticated by a taxonomist in the Department of Biological Sciences, University of Cross River State, following the International Code of Nomenclature for algae, fungi, and plants (ICN; Turland et al., 2018) and assigned accession number UCRS-PS-2024 (Turland et al., 2018).
2.2 Sample Preparation and Extraction 
Leaves were rinsed with deionised water to remove surface debris and air-dried at ambient laboratory temperature (25 ± 2 °C) for 72 h, ensuring moisture reduction without thermal degradation of labile elements (AOAC, 2016). Dried samples were ground to a fine powder using a stainless-steel mill and sieved through a 1 mm mesh according to AOAC Official Method 926.06 (AOAC, 2016).
An aqueous extraction of ground leaf powder (10 g) was performed using a Soxhlet apparatus per EPA Method 3540C for exhaustive semi-volatile compounds and mineral solubilisation (EPA, 1996). The Soxhlet extraction ran for six cycles at 95 °C, yielding approximately 17 ml of crude extract per sample. Extracts were concentrated by rotary evaporation under reduced pressure and reconstituted to 25 ml with deionised water for analysis (EPA, 1996).
2.3 Atomic Absorption Spectroscopy (AAS) Analysis 
Atomic Absorption Spectroscopy (AAS) Elemental concentrations in the reconstituted extracts were quantified by flame atomic absorption spectroscopy employing a PerkinElmer AAnalyst 400 spectrometer with background correction. Calibration and quality control procedures adhered to manufacturer protocols, using certified metal standards (Sigma-Aldrich) to generate calibration curves with correlation coefficients (R²) ≥ 0.999 (PerkinElmer, 2014). Limits of detection and quantification were determined according to IUPAC guidelines (IUPAC, 1993).
2.4 Statistical Analysis 
Statistical Analysis Data are presented as mean ± standard deviation (SD) from three independent replicates. Statistical comparisons between tender and mature leaf samples were conducted using one-way analysis of variance (ANOVA) in IBM SPSS Statistics Version 28.0, with significance defined at P = .05.

3. results and discussion

3.1 Results
3.1.1 Macro Elements
Analysis of selected macroelements in Pterocarpus santalinoides leaves (Fig. 1) consistently demonstrated higher concentrations in tender leaves (TL) compared with mature leaves (ML). Hydrogen was measured at 6.00 ± 0.08 mg/kg in ML versus 5.20 ± 0.08 mg/kg in TL. Nitrogen levels were similar (85.92 ± 0.04 mg/kg ML; 86.93 ± 0.04 mg/kg TL), whereas phosphorus was slightly higher in TL (10.03 ± 0.06 mg/kg) than ML (9.91 ± 0.01 mg/kg). Notably, calcium, potassium, and magnesium exhibited marked increases in TL: calcium rose from 56.24 ± 0.38 to 89.80 ± 0.01 mg/kg; potassium from 51.17 ± 0.04 to 81.71 ± 0.01 mg/kg; and magnesium from 8.00 ± 0.06 to 12.77 ± 0.11 mg/kg.
3.1.2 Micro Elements
Microelement profiling (Fig. 2) likewise showed significantly greater accumulation in TL. Nickel increased from 29.89 ± 0.01 mg/kg ML to 47.74 ± 0.02 mg/kg TL; silicon from 3.25 ± 0.01 mg/kg ML to 5.11 ± 0.01 mg/kg TL. Zinc and iron, critical for immune and oxygen‐transport functions, were especially elevated: zinc rose from 128.22 ± 0.03 to 204.74 ± 0.02 mg/kg; iron from 202.86 ± 0.02 to 323.93 ± 0.01 mg/kg. Copper and manganese also exhibited higher TL levels (9.26 ± 0.01 and 9.75 ± 0.01 mg/kg, respectively) versus ML (5.70 ± 0.01 and 6.11 ± 0.01 mg/kg).
3.2 Discussion

3.2.1 Macro element Profile
The body requires several essential elements to maintain its proper functioning. The elements are used for a variety of physiological processes, such as building blood and bone, producing hormones, regulating the heartbeat, and more. The Macro elements are needed in large amounts. Trace or micro elements are needed in very small amounts. The results show that the tender leaves of Pterocarpus santalinoides have a higher nutritional and medicinal value compared to the mature leaves, as evidenced by the quantities of mineral elements present.
Calcium (Ca) is a pivotal mineral for bone mineralisation and cellular signalling, with over 99% of the body’s calcium sequestered in the skeletal system (Bronner, 2023; Clines et al., 2022). In our study, tender leaves of Pterocarpus santalinoides contained 89.80 mg/kg of Ca, significantly exceeding the 56.24 mg/kg observed in mature leaves. Given that adults require 1 000–1 500 mg of Ca daily to maintain bone density and prevent osteoporotic fractures (Bartl & Bartl, 2016), these tender leaves represent a promising non‐dairy source of dietary calcium, particularly where conventional sources are scarce (Agu, Ezeh, & Nwosu, 2023).
Potassium (K) functions as a principal intracellular cation, regulating osmotic balance, nerve transmission, and vascular tone. Our findings showed that tender leaves contained 81.71 ± 0.01 mg/kg of K. In contrast, mature leaves contained 51.17 ± 0.04 mg/kg of K. Epidemiological evidence links increased K intake with lower blood pressure and reduced cardiovascular risk (O’Donnell et al., 2023). Despite the WHO recommending >3.5 g/day of K, global consumption averages only 2.25 g/day (Reddin et al., 2023), underscoring the need for alternative dietary sources. While P. santalinoides leaves cannot meet daily requirements alone, their inclusion in local diets could bolster K intake, especially in hypertensive populations; however, individuals with renal impairment should exercise caution (Narasaki et al., 2022).
Magnesium (Mg). Magnesium acts as a cofactor for >600 enzymes, facilitating ATP synthesis, nucleic acid stability, and neuromuscular function (Barbagallo et al., 2023; Williams & Downs, 2023). The tender leaves exhibited higher Mg levels than mature leaves, aligning with reports linking adequate Mg intake to reduced incidence of type 2 diabetes and metabolic syndrome (Pelczyńska et al., 2022). Because Mg homeostasis relies on dietary absorption and renal excretion (Ayu, 2022), the relatively elevated Mg in young P. santalinoides leaves may contribute to metabolic health when consumed regularly. Nonetheless, excess Mg—primarily from supplements—can precipitate gastrointestinal upset and, rarely, hypermagnesemia (Williams & Downs, 2023).
Phosphorus (P), a crucial component of ATP, nucleic acids, and phospholipid membranes, is essential for energy metabolism and maintaining bone mineral stability (Wagner, 2023). We measured 10.03 mg/kg in tender leaves versus 9.91 mg/kg in mature leaves, reflecting developmental phosphate allocation (Fatima et al., 2024). Given that plant-available phosphorus (P) is often limited by soil pH and microbial dynamics (Négrel et al., 2024; Khan et al., 2023), the natural P content of edible leaves can contribute to dietary intake. While P. santalinoides cannot replace primary dietary P sources, its leaves offer a modest supplementary role in P nutrition.

As an essential constituent of amino acids, proteins, and chlorophyll, nitrogen underpins both plant physiology and human nutrition (Silva et al., 2023). We found slightly higher nitrogen (N) levels in tender leaves (86.93 mg/kg) than in mature leaves (85.92 mg/kg), suggesting an enhanced proteinogenic potential in younger foliage (Silva et al., 2023). Although plant‐derived N does not directly translate to protein quality in human diets, its presence signals the accumulation of amino acid precursors. However, agricultural overuse of nitrogen fertilisers can cause environmental eutrophication, highlighting the need for balanced agronomic practices (Einarsson, 2024).
Hydrogen (H). Although ubiquitous in all biomolecules, hydrogen’s role in nutrition is less commonly quantified. We observed higher H content in mature leaves (6.0%) compared to tender leaves (5.2%). Hydrogen, particularly in water and organic compounds, contributes to cellular hydration, proton gradients for ATP synthesis, and antioxidant defence (Chen et al., 2024; Kura & Slezák, 2024). While our data suggest developmental shifts in leaf moisture and organic composition, further investigation is required to elucidate the nutritional implications of leaf hydrogen content.

3.2.2 Microelement Profile
Nickel (Ni) serves as a cofactor for enzymes such as urease and hydrogenase, facilitating nitrogen metabolism and redox balance (Romele, 2021; Alfano & Cavazza, 2020). In our analysis, tender leaves contained significantly more Ni than mature leaves, possibly reflecting adaptive requirements for early‐stage metabolic activity. Ni also enhances antioxidant defenses, but at supra‐physiological levels can induce phytotoxicity and potential dietary risk (Helaoui et al., 2023). Silicon contributes to the structural integrity of plants and plays a role in collagen synthesis and bone health in animals (Anozia & Ezealisiji, 2018). Tender P. santalinoides leaves contained 5.11 mg/kg of Si, compared to 3.25 mg/kg in mature leaves, which may support both plant resilience and dietary Si intake. Given Si’s role in upregulating genes for nitrate transport and stress response, its presence underscores the functional value of young foliage (Anozia & Ezealisiji, 2018).
Zinc is integral to over 300 metalloenzymes, including DNA/RNA polymerases and antioxidant enzymes (Anyalogbu, 2018). Tender leaves exhibited 204.74 mg/kg of Zn, markedly higher than the 128.22 mg/kg in mature leaves. This high Zn concentration suggests that P. santalinoides leaves could substantially contribute to Zn intake, supporting immune function, wound healing, and enzymatic activity. Iron (Fe) is essential for oxygen transport (haem iron) and electron transfer in mitochondrial cytochromes (non‐haem iron) (Eze, 2018). We detected 323.93 mg/kg in tender leaves and 202.86 mg/kg in mature leaves, indicating that young leaves are a significant source of dietary iron. Despite concerns over non‐haem iron bioavailability, the high Fe levels highlight P. santalinoides as a candidate for addressing iron deficiency anaemia in endemic regions.
Copper-dependent enzymes such as cytochrome c oxidase and lysyl oxidase are critical for energy production, connective tissue formation, and iron metabolism (Mamabolo, 2020). The tender leaves’ Cu content (9.26 mg/kg) surpassed that of mature leaves (5.80 mg/kg), underscoring their potential to support enzymatic processes and antioxidant defences without approaching toxic thresholds. Manganese acts as an antioxidant in the mitochondrial matrix via Mn‐superoxide dismutase and is vital for bone formation and carbohydrate metabolism (Aslam, 2013). Tender leaves contained 9.75 mg/kg of Mn versus 6.11 mg/kg in mature leaves, suggesting that early foliage is richer in this trace element. Given Mn’s role in insulin synthesis and neurological function, these leaves could aid in metabolic regulation.
The observed trend of higher mineral concentrations in tender leaves is consistent with reports that nutrient accumulation is more prominent in young plant tissues, where cell expansion and metabolic activity are most intense (Saini et al., 2022). Similar findings have been reported in other leafy vegetables such as Amaranthus hybridus and Corchorus olitorius, where nutrient density declines with leaf maturation (Achikanu et al., 2021).
Younger leaves tend to serve as nutrient sinks during early growth, particularly for mobile elements such as potassium and calcium, as supported by reports from Potgieter et al. (2021), who noted a comparable trend in South African indigenous vegetables. This nutritional advantage has prompted dietary recommendations favouring tender leaves to combat mineral deficiencies, particularly in low-resource settings (Anyalogbu et al., 2018).
Recent studies by Papadaki et al. (2021) and Yu et al. (2023) have further emphasised the health benefits of integrating mineral-rich vegetables into daily diets to prevent iron- and zinc-deficiency-related disorders. The significantly high iron and zinc levels in P. santalinoides tender leaves underscore its relevance as a functional food, especially among populations at risk of anaemia and immune compromise.
However, as highlighted by Clark and Slavin (2023), mineral content alone does not guarantee bioavailability. The presence of anti-nutritional factors such as phytates and oxalates, which are common in leafy vegetables, may impede the absorption of essential elements. Studies by Kayode et al. (2022) and Raboy (2023) demonstrate that thermal processing, sprouting, or fermentation can significantly enhance mineral bio accessibility in plant matrices by reducing anti-nutritional compounds.
Food safety must also be considered when promoting indigenous vegetables. Leafy greens are known to bioaccumulate toxic metals depending on environmental exposure. According to Ahmed et al. (2023), periodic monitoring for lead, cadmium, and arsenic is essential when promoting wild or semi-cultivated vegetables. While our study focused on nutritional elements, future analyses should include heavy metal screening.
Ultimately, this study supports the promotion of P. santalinoides tender leaves as a nutrient-dense component in food-based strategies for combating micronutrient malnutrition. Its favourable mineral profile, coupled with cultural acceptability, makes it a viable candidate for inclusion in local and national dietary programs aimed at achieving sustainable nutrition outcomes.





Fig. 1. Result Analysis for selected Macro Elements. ML=mature leaves; TL= tender leaves



Fig. 2.  Result Analysis for selected Micro Elements. ML=mature leaves; TL= tender leaves


4. Conclusion

The present study demonstrates that the tender leaves of Pterocarpus santalinoides (Nturukpa) exhibit a significantly richer mineral profile than mature leaves. With higher concentrations of essential macro- and microelements, particularly calcium, potassium, magnesium, zinc, and iron, this indigenous vegetable holds promise as a sustainable source of dietary minerals. Future research should investigate the effects of common processing methods on mineral bioavailability to validate further their use in nutritional interventions and food safety programs.
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