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Analysing Heavy Metals and Minerals in Methanolic Extracts of Bryophyllum pinnatum, Cochlospermum tintorium, and Erythrina senegalensis: Exploring the Public Health Implications



ABSTRACT
Among the numerous plant species studied, Bryophyllum pinnatum (life plant" or "miracle leaf), Cochlospermum tintorium, and Erythrina senegalensis have emerged as noteworthy candidates, holding promise for their pharmacological application in amenorrhea, malaria, jaundice, infections, abortion, wound, and body pain. However, the presence of heavy metals in medicinal plants has become a growing concern, as these elements can bio-accumulate in plant tissues, posing potential risks to human health. This study investigated the distribution of heavy metals and mineral elements in the methanolic extracts of leaves, stems, and roots of Bryophyllum pinnatum, Cochlospermum tintorium, and Erythrina senegalensis in Takum, Taraba State. The study area was Taraba State. The leaves, stem bark and roots of Erythrina senegalensis, Cocchlospermum tintorium and Bryophyllum pinnatum were collected randomly at different herbarium locations in Takum town of Taraba state and transported to Modibbo Adama University of Technology (MAUTECH), Yola. The concentrations of these elements were analysed using atomic absorption spectroscopy, after collection, identification, shade drying, and extraction using methanol. The numerical data obtained from the study were expressed as the Mean ± Standard error of the mean (SEM). Statistical analysis was done using the Graphpad Prism Statistical Package for Version 7.0 (Prism, Incorporation Chicago Illinois, USA). Differences between and within-group Means were analysed using analysis of variance (ANOVA), followed by a Bonferroni Post-hoc test to compare replicate means by row. Statistical difference between group means was considered significant at (p < 0.05). Cochlospermum tintorium exhibited varying concentrations of heavy metals, with the leaf having the highest chromium content (0.15mg/kg) and the lowest lead concentration (0.07mg/kg). Bryophyllum pinnatum had elevated levels of cadmium and chromium in the leaf (0.05mg/kg) and stem bark (0.42mg/kg), respectively. Erythrina senegalensis had high cadmium concentration in the leaf (0.19mg/kg) and elevated lead levels in the stem bark (0.11mg/kg). Mineral element distribution in Cochlospermum tintorium revealed high potassium concentrations in all plant parts, with the root having the highest (187.98mg/kg). Bryophyllum pinnatum exhibited the highest potassium concentration in the leaf (168.18mg/kg), while Erythrina senegalensis showed the highest concentration in the leaf (182.73mg/kg). Calcium concentrations were high in the roots of Cochlospermum tintorium (83.33mg/kg). The World Health Organisation sets the safety limits of Potassium levels. Except lead, which was a little above the limit in the stem bark of Bryophyllum pinnatum.A comparative analysis showed that all samples of heavy metals were below the WHO’s permissible limits. Mineral elements such as calcium and potassium were well distributed in all plant parts. The study showed that the heavy metals and mineral elements were within permissible limits, thus supporting their prolonged use in traditional medicine.
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INTRODUCTION
Plants are the most abundant source of antimicrobial agents, and extracts of numerous edible plant species, herbs, and spices have long been used to preserve food due to the presence of potentially powerful antibacterial components (Bhatti et al.,2024). Medicinal plants have been integral to traditional medicine systems for centuries, valued for their diverse therapeutic properties (Sultana et al.,2023). In recent years, the exploration of medicinal plants for their therapeutic potential has gained significant attention due to their diverse bioactive compounds (Ramawat et al., 2009; Perumal & Gopalakrishnakone, 2010; Gu et al.,2014). Among the numerous plant species studied, Bryophyllum pinnatum, Cochlospermum tintorium, and Erythrina senegalensis have emerged as noteworthy candidates, holding promise for their pharmacological application in amenorrhea, malaria, jaundice, infections, abortion, wound, and body pain (Mustafa et al., 2017; Shanmugam et al., 2021; Tijwun et al., 2022). However, the presence of heavy metals in medicinal plants has become a growing concern, as these elements can bio-accumulate in plant tissues, posing potential risks to human health (Kohzadi et al.,2019; Moghaddam et al., 2020).
The Bryophyllum pinnatum, commonly known as the "life plant" or "miracle leaf," is renowned for its traditional use in various folk medicines (Pandurangan et al.,2015; Kumar, et al., 2020), while Cochlospermum tintorium and Erythrina senegalensis exhibit medicinal properties that have been harnessed in ethnomedicine across diverse cultures (Diarra et al., 2015; Haidaraa et al., 2016; Catarino et al., 2016; Tijwun, et al., 2022). Bryophyllum pinnatum is a well-known medicinal plant that has been used in many traditional systems of medicine. This includes treating fever, smallpox, otitis, cough, asthma, headache, convulsions, and general debility. (Elufioye et al.,2022; Sharma et al.,2024). Cochlospermum tinctorium (Cochlospermaceae) has recently gained attention from the scientific community due to its traditional and wide range of medicinal uses. Erythrina senegalensis (Fabaceae) leaves, stem bark and roots have been used to treat malaria, gastrointestinal disorders, fever, dizziness, secondary sterility, diarrhea, jaundice, nose bleeding and pains, antibacterial activity, inhibitory activity against HIV-protases, Plasmodium falciparum and hepatoprotective properties (Tijwun et al.,2022; Valdez et al.,2024) As these plants are increasingly utilized in traditional and alternative medicinal practices, a comprehensive evaluation of their heavy metal content is imperative to ensure the safety and efficacy of their therapeutic applications (Moghaddam et al., 2020).
The assessment of heavy metals in plant extracts is essential due to the potential for bioaccumulation from soil or environmental sources, which may lead to elevated concentrations in plant tissues (Nawab et al., 2015; Ali et al.,2019; Dinu et al., 2020). Heavy metals such as lead (Pb), cadmium (Cd), mercury (Hg), and arsenic (As) are of particular concern due to their persistence and toxicity, even at trace levels. Bioaccumulation of these heavy metals leads to a diversity of toxic effects on a variety of body tissues and organs. Heavy metals disrupt cellular events, including growth, proliferation, differentiation, damage-repairing processes, and apoptosis (Balali-Mood et al.,2021). The concentration of these metals above permissible limits can pose risks to human health upon consumption (Rahman and Singh, 2019; Khatun et al.,2022).
This study aims to investigate the levels of heavy metals and elemental constituents in the methanolic extracts obtained from the leaves, roots, and stems of Bryophyllum pinnatum, Cochlospermum tintorium, and Erythrina senegalensis from Takum, Taraba state in Nigeria using atomic absorption spectrometry (AAS), a detailed profile of the heavy metal composition in these plant extracts will be established, and the health implications of potential heavy metal contamination in these medicinal plants will be critically evaluated, considering established toxicity thresholds and regulatory standards. Understanding the extent of heavy metal accumulation in these plant species is crucial for ensuring the safety of herbal formulations and preventing unintended health consequences associated with long-term usage.


MATERIALS AND METHODS
Study Area
Taraba State lies within the middle of Nigeria, specifically in the northeast. It is bounded on the west by Plateau and Benue States, on the east by Adamawa State and the Republic of Cameroon, and on the north by Bauchi and Gombe States. The state is nicknamed “nature's gift” due to the abundant natural resources that abound in it. According to the Nigeria Conflict Security Analysis Network (2015). It lies between the coordinates 80001N and 100301E of the equator with a population of 1,480,590 and an area of 54,473km2. Takum Local Government Area (LGA) of Taraba state lies between latitude 70151N and longitude 90591E of the equator with a total population of 135,349  and a land area of 2,503km2. Takum LGA is bordered by Republic of Cameroon to the South, Ussa LGA to the west and Donga LGA to the north (Ekanem and Celestine, 2022). 
Sampling
The sampling was carried out adopting the methods employed by Ayoola et. al. (2008). The Leaves, stem bark and roots of Erythrina senegalensis, Cocchlospermum tintorium and Bryophyllum pinnatum were collected randomly at different herbarium locations in Takum town of Taraba state and transported to Modibbo Adama University of Technology (MAUTECH), Yola. They were identified at the Department of Biological Sciences by a botanist and later taken to the Department of Chemistry for extraction using methanol and further analysis. 
Sample Preparation
The collected samples were washed with tap water and deionised water to remove soil particles from the roots, leaves and stem bark and were then cut into pieces and dried at room temperature for 14 days. The dry samples were ground into powder using a mortar and pestle and sieved using a fine wire mesh. Using the conning and quartering method, representative samples were obtained from each sample as described by Crosby and Patel (2015). This was followed by making the samples into cone shapes, flattening and dividing them into four equal parts. The opposite two parts were taken, and the other two opposite parts were discarded. This was repeated continuously until the sample was reduced to the size required for final analyses; thereafter, it was placed in labelled airtight containers and labelled Methanolic leaf, stem and root extract (MLSRE).

Preparation of Standard and Stock Solutions for Calibration of Atomic Absorption Spectrometry (AAS)
This was done according to methods by described by Onwuka (2009), a working standard for each element was prepared from their salts by dissolving an appropriate amount of metal salts in distilled water to get a 1000 ppm standard stock solution for each of the metal. 
Copper
CuCl2.2H2O was dissolved in distilled water and diluted to 1000 ml to get a stock solution containing 10 ml of Cu2+. Serial dilutions of 0.5, 1.0, 1.5, 2.0 and 2.5 ppm were prepared from the stock solution.
Lead 
1.6g Pb(N03)2 was dissolved in distilled water and made to mark to 1000 ml. A serial dilution of 1, 2, 3, 4, and 5 ppm was prepared from the stock solution.
Cadmium
2.11g of Cd (NO3)2 was dissolved in distilled water and then diluted to 1000 ml. Serial solution of 1.0, 2.0, 3.0, 4.0 and 5.0 ppm was prepared from the stock solution.
Zinc
1g of Zinc ribbon was dissolved in 10 ml of HCl acid, evaporated almost to dryness, and made up to 1000 ml. This was followed by serial dilution of 1, 2, 3, 4 and 5 ppm from the stock solution.
Calcium
A stock solution containing 1000mg of Ca2+ was prepared by dissolving 2.497g of oven-dried CaCO3 in HCl and diluted to 1000 ml with distilled water. Serial dilution of the stock solution was made to obtain 1, 2, 4, 6 and 8 ppm to construct the calibration curve.
Sample Digestion for AAS
Digestion of methanolic leaf, stem, and root extracts of Erythrina senegalensis, Cocchlospermum tintorium and Bryophyllum pinnatum was carried out as described by Anjorin et al. (2010). The 2g sample was weighed into separate beakers and treated with 20cm3 concentrated HNO3 acid, allowed to stand for a day. This was digested with an electric hot plate at 70oc to 90oc for 1 hr. A blank was prepared in the same way by digesting 20cm3 concentrated HNO3 acid in an empty beaker, allowing to cool, filtering with filter paper into a volumetric flask and making up to 100cm3 with deionised water. The digests were then used to analyse trace metal content of samples using AAS A calibration curve was constructed using a standard stock solution for each element. The unknown sample absorbance was read off on the spectrophotometer, and the concentration in PPM was obtained by extrapolating from the curve.

Determination of Element in Sample using AAS
The sensitivity of a GBC Avanta GF300 model AAS equipped with a digital readout was utilised to measure the absorbance of the dilute solutions for the determination of metal. The instrument was first calibrated by allowing some warmup time for the machine and adjusting the control knob till the meter read 0% transmittance. Acetylene-air was used as fuel. A hollow cathode lamp for each element was employed. Wavelengths for the metals are Ca (422.7nm), Cu (324.7nm), Mg (285.2nm), Cd (228nm), Pb (217nm), Zn (213.9nm). The absorbance reading was measured for each metal following the sensitivity and detection limits using the standard calibration curve method and recorded in micrograms per gram (Samali et al., 2012).
Na and K Determination using Flame Emission Spectroscopy (FES)
[bookmark: _Hlk26267022][bookmark: _Hlk33009621]One (1g) gram of the MLSRE was mixed with 10mL of distilled water; thereafter, it was heated at 25ºC for 10 minutes, and its wavelength was detected using a spectrophotometer.
Statistical Analysis
[bookmark: idm6019088][bookmark: references][bookmark: Sec0][bookmark: Sec1][bookmark: Sec4][bookmark: Sec5][bookmark: Sec6][bookmark: Sec7][bookmark: B25][bookmark: B26][bookmark: B27][bookmark: B28][bookmark: B29][bookmark: B30]The numerical data obtained from the study were expressed as the Mean ± Standard error of the mean (SEM). Statistical analysis was done using the Graphpad Prism Statistical Package for Version 7.0 (Prism, Incorporation Chicago Illinois, USA). Differences between and within-group Means were analysed using analysis of variance (ANOVA) followed by a Bonferroni Post-hoc test to compare replicate means by row. Statistical difference between group means was considered significant at (p < 0.05).
RESULTS AND DISCUSSION
The elemental composition of mineral elements Ca, K, Mg, Mn, Na, and heavy metals Cd, Cr and Pb of the methanolic leaves, stem bark and roots of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis is presented in Table 1.

Distributions of Heavy Metals and Mineral Elements in the Methanolic Leaf, Root and Stem Extracts of Bryophyllum pinnatum, Cochlospermum tentorium, and Erythrina senegalensis.
Figure 1 depicts the distribution of heavy metals in Cochlospermum tintorium. It shows that the leaf of Cochlospermum tintorium had the highest concentration of chromium (0.15mg/kg), while the leaf of Cochlospermum tintorium had the lowest concentration of lead (0.07mg/kg). The concentration of chromium in the stem bark was 0.10mg/kg, and the concentration of lead was 0.07mg/kg. The concentration of lead in the roots was 0.15mg/kg, whereas the quantity of cadmium was 0.09mg/kg. The leaf of Bryophyllum pinnatum has the highest concentrations of cadmium and chromium (0.05mg/kg), while t the lowest levels of lead (0.04mg/kg). the concentration of in the stem bark was 0.42mg/kg, while that of chromium was 0.05mg/kg. The root has the highest concentration of chromium (0.15mg/kg) and the lowest concentration of lead (0.07mg/kg). The distribution of heavy metals in the different parts of Erythrina senegalensis is shown in Figure. 3 indicates that the highest and lowest concentrations in the leaf were Cd (0.19mg/kg) and Pb (0.11mg/kg), respectively. In the bark, Pb had a concentration of 0.11mg/kg, whereas the concentration of chromium was 0.05mg/kg. for the roots, the concentration of Pb was 0.11mg/kg while that of Cd was 0.09mg/kg.  
Table 1: Concentration of Elements (mg/kg) in the Methanolic leaves, roots and stems extracts of Bryophyllumpinnatum, Cochlospermumtintorium and Erythrina senegalensis
  Elements                    C. tintorium                                                 B. pinnatum                                                     E. senegalensis
	          Leaf               Stem              Root                Leaf                Stem                  Root                 Leaf                   Stem                  Root                     
Cd             0.14±0.009    0.09±0.003     0.09±0.003     0.05±0.006      0.42±0.007       0.14±0.009       0.19±0.005        0.09±0.003      0.09±0.003
Cr              0.15±0.007    0.10±0.008     0.05±0.009    0.05±0.009       0.05±0.009       0.15±0.007       0.15±0.007        0.05±0.009      0.10±0.008
Pb              0.07±0.002    0.07±0.002     0.15±0.005     0.04±0.001      0.07±0.002        0.07±0.002       0.11±0.009        0.11±0.005      0.11±0.005
Ca            83.33±0.003   63.33±0.003  110.00±0.000  66.67±0.007    60.00±0.000      50.00±0.000       96.67±0.007     56.67±0.007   76.67±0.007
K           139.70±0.007   181.21±0.002  187.98±17.146  168.18±0.002  165.46±0.005  133.94±0.009    182.73±0.006   35.45±0.005    195.4±0.005
Mg           26.67±0.007   41.48±0.001    42.59±0.003      37.78±0.008   15.93±0.006     33.33±0.003      41.85±0.002     33.33±0.003     5.56±0.006
Mn             0.30±0.003      0.06±0.001      0.24±0.002      0.24±0.002      0.36±0.004      0.30±0.003         0.24±0.002        0.18±0.002      0.18±0.002
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Na               16.67±0.007   11.11±0.001   11.11±0.001     15.87±0.003    13.49±0.002      12.70±0.008       9.52±0.004      12.70±0.008  12.70±0.008
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Figure 1: Distribution of Cd, Cr and Pb in the Methanolic leaves, roots and stem extracts of C. tintorium
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Figure 2: Distribution of Cd, Cr and Pb in the Methanolic leaves, roots and stems extracts of B. pinnatum
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Figure 3: Distribution of Cd, Cr and Pb in the Methanolic leaves, roots and stems extracts of E. senegalensis

Distribution of Mineral Elements in the Methanolic leave, Root and Stem Extracts of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis
The distribution of mineral elements in the leaf of Cochlospermum tintorium, as shown in Figure. 4, shows that potassium has the highest concentration of 139.70mg/kg and manganese has the lowest concentration of 0.30mg/kg. Stem bark contains the highest potassium concentration (181.21mg/kg) and the lowest manganese value of 0.06mg/kg. The root has a high potassium concentration of 187.98mg/kg and a low manganese value of 0.24mg/kg.
The distribution of mineral elements in Bryophyllum pinnatum is shown in the Figure. 5, with the leaf having the highest concentration of 168.18mg/kg potassium and the lowest concentration of 0.24mg/kg manganese. The stem bark has a potassium concentration of 165.46mg/kg and a manganese concentration of 0.34mg/kg. The root also has a potassium concentration of 133.94mg/kg and the lowest manganese value (0.30mg/kg).
The mineral element distribution in the leaf of Erythrina senegalensis (Figure 6) shows that the concentration of 182.73mg/kg potassium was the highest and that of 0.24mg/kg manganese was the lowest. The stem bark had a mean concentration of 56.67mg/kg for calcium, while the manganese concentration, which was the least, was 0.18mg/kg. The concentration of potassium in the roots was 195.46 mg/kg, and that of manganese, which was the least manganese was 0.18mg/kg.
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Figure 4: Distribution of Ca, K, Mg, Mn, and Na in Methanolic leaves, root and stem extracts of C. tentorium
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Figure 5: Distribution of Ca, K, Mg, Mn and Na in the Methanolic leaves, roots and stem extracts ofB. pinnatum
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Figure 6: Distribution of Ca, K, Mg, Mn and Na in the Methanolic leaves, roots and stem extracts of E. senegalensis
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Figure.7: Distribution of cadmium in the Methanolic leaves, roots and stems extracts of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis

Comparison of Heavy Metals in the Methanolic leave, Root and Stem Extracts of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis
Cadmium
The distribution of cadmium is shown in the figure8, it was observed that the concentration of Cd in the leaf of the sampled plants was increasing, Cochlospermum tintorium > Erythrina senegalensis > Bryophylum pinnatum. 
Chromium
The distribution of Cr in plant samples is depicted in Figure 8. The highest concentration was found in the leaf of Cochlospermum tintorium, the roots of Bryophyllum pinnatum, and the leaf of Erythrina senegalensis, with 0.098mg/kg for the stem bark of Cochlospermum tintorium and the roots of Erythrina senegalensis. The lowest concentration was detected in Cochlospermum tintorium roots, Bryophyllum pinnatum leaves, Bryophyllum pinnatum stem bark, and Erythrina senegalensis stem bark. Cr is hazardous and carcinogenic; prolonged exposure to Cr can cause DNA damage, which can lead to cancer-causing gene mutation (Meyer 2012). The WHO allowable threshold of Cr in medicinal plants is 1.5mg/kg, but the dietary allowance is 0.2mg (WHO 2011). Cr levels in all samples were below the WHO allowable limit.
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Figure 8: Distribution of chromium in the Methanolic leaves, roots and stems extracts of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis
Lead
According to the graphical representation of lead in Figure 9, the highest concentration of 0.145mg/kg was seen in the roots of Cochlospermum tintorium, followed by 0.109mg/kg for leaf of Erythrina senegalensis, 0.106mg/kg for stem bark of Erythrina senegalensis and roots of Erythrina senegalensis, 0.072mg/kg for leaf of Cochlospermum tintorium, stem bark of Cochlospermum tintorium, stem bark of Bryophyllum pinnatum and roots of Bryophyllum pinnatum. The lowest concentration was determined to be 0.04mg/kg in the leaf of Bryophyllum pinnatum. Lead is the most encountered heavy metal in polluted environments, and its accumulation by plants can occur by uptake from adjacent soils through the roots and/or aerial deposition on shoots (Smirjakova et al., 2005). The FAO/WHO (2011) acceptable limit for Pb in food plants was 0.43ppm. The permitted maximum set by China, Malaysia, and Thailand is 10ppm, which is consistent with Canada's standard. All the samples tested were below the allowable level. Pb has been found to be an abortifacient, causing miscarriages and low birth weight in newborns; it has also been linked to decreased sperm count and motility (Vaikosen and Alade, 2011).
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Figure 9: Distribution Lead in the Methanolic leave, root and stem extracts of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis




Comparism of Mineral Elements in the Methanolic leave, Root and Stem Extracts of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis
Calcium
Ca was discovered in all the plant samples, as indicated in Table 1. The quantity recorded for calcium was 83.33mg/kg, 63.33mg/kg, 110.00mg/kg, 66.67mg/kg, 60.00mg/kg, 50.00mg/kg, 96.67mg/kg, 56.67mg/kg and 76.67mg/kg for leaf, stem bark, and roots of Cochlospermum tintorium, Bryophyllum pinnatum and Erythrina senegalensis. Ca is clearly shown to be highest in the roots of Cochlospermum tintorium, followed by the leaves of Erythrina senegalensis, and then the leaves of Cochlospermum tintorium in Figure 10. The roots of Bryophyllum pinnatum had the lowest concentration. Ca is commonly found in high concentrations in plants (Meyer, 2012). It helps in blood coagulation, oxygen transfer, cellular fluid secretion, and enzyme function. Deficient adults may develop osteoporosis, while children may develop rickets (Assaolu  and Assaolu, 2010). 
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Figure 10: Distribution of calcium in the Methanolic leaves, roots and stems extracts of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis

Potassium
The potassium graph in Figure 11 clearly shows that potassium has the maximum concentrations of 195.455mg/kg, 187.980mg/kg, and 182.734mg/kg in the roots of Erythrina senegalensis, Cochlospermum tintorium roots, and Erythrina senegalensis leaves, respectively. Others are 181.212mg/kg, 168.182mg/kg, and 165.455mg/kg for Cochlospermum tintorium stem bark, Bryophyllum pinnatum leaf, and Bryophyllum pinnatum stem bark, respectively. This is followed by 139.697mg/kg for Cochlospermum tintorium leaf, 133.939mg/kg for Bryophyllum pinnatum roots, and 35.445mg/kg for Erythrina senegalensis stem bark. Potassium is a necessary element and a major intracellular cation that aids in the regulation of osmotic pressure and pH homeostasis. Afshin and Masoud (2008) advocate a daily consumption of 4700mg. A potassium excess can cause heart malfunction (Alwakeel, 2008), but a K deficit causes muscle weakness, decreased reflex responses, and respiratory paralysis. The potassium safety limit is 120.0 - 473.7mg/kg (WHO 2011). All the plant samples tested were within limits.
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Figure 11: Distribution of potassium in the Methanolic leaves, roots and stem extracts of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis

Magnesium
Figure 12 depicts the magnesium concentration in the plants tested. The highest concentration was observed in the roots of Cochlospermum tintorium, at 42.593mg/kg, followed by the leaves of Erythrina senegalensis at 41.852mg/kg and the stem bark of Cochlospermum tintorium at 41.481mg/kg. Others are 37.778mg/kg for Bryophyllum pinnatum leaf, 33.333mg/kg for Bryophyllum pinnatum roots and stem bark of Erythrina senegalensis, 26.667mg/kg for Cochlospermum tintorium leaf, and 5.556mg/kg for Erythrina senegalensis roots. A high magnesium intake in the diet lowers the incidence of sudden cardiac mortality (Anjorin et al, 2010; Asaolu and Asaolu, 2010).
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Figure 12: Distribution of magnesium in the Methanolic leaves, roots and stem extracts of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis


Manganese
Figure 13 depicts the distribution of manganese in the samples studied. The stem bark of Bryophyllum pinnatum had the maximum concentration of 0.36mg/kg, followed by 0.30mg/kg for roots of Bryophyllum pinnatum and leaf of Cochlospermum tintorium, and 0.24mg/kg for roots of Cochlospermum tintorium, leaf of Bryophyllum pinnatum, and leaf of Erythrina senegalensis. Others include 0.18mg/kg for Erythrina senegalensis stem bark and Erythrina senegalensis roots. Mn is found in the stem bark of Cochlospermum tintorium at the lowest quantity of 0.061mg/kg. Mn is a significant mineral associated with glucose and fat metabolism (Kirmani et al., 2011). According to FAO/WHO (2011), the permitted limit of Mn in edible plants is 2ppm. All the plants examined are listed below. All the plants analysed fall below the permissible limits.
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Figure 13: Distribution of manganese in the Methanolic leaves, roots and stems extracts of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis


Sodium
Figure 14 depicts a graphical representation of the varied Na concentrations in the samples tested. The highest concentration of 16.667mg/kg was found in the leaf of Cochlospermum tintorium followed by 15.873mg/kg for leaf of Bryophyllum pinnatum, 13.492mg/kg for stem bark of Bryophyllum pinnatum, 12.698mg/kg for roots of Bryophyllum pinnatum, stem bark of Erythrina senegalensis and roots of Erythrina sensgalensis, 11.111mg/kg for the stem bark and roots of Cochlospermum tintorium and with the lowest concentration of 9.523mg/kg for the leaf of Erythrina senegalensis. Na is the most abundant intracellular ion in the body. It is involved in the synthesis of energy as well as the transfer of amino acids and glucose into body cells (Norma and Joseph, 2016). Excessive Na consumption causes high
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Figure 14: Distribution of sodium in the Methanolic leaves, roots and stems of Bryophyllum pinnatum, Cochlospermum tintorium and Erythrina senegalensis
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CONCLUSION
The findings indicate that the studied plants generally have concentrations of heavy metals and mineral elements within permissible limits. However, there are slight elevations in some elements in specific plant parts, highlighting the importance of considering the plant species and the specific part used when assessing potential health risks associated with heavy metal and mineral element exposure.
RECOMMENDATIONS
Based on this study, we recommend that, while heavy metal concentrations are generally within acceptable limits, it is advisable to be aware of the slight elevations in specific plant parts, especially for long-term or high-dose consumption. Considerations of the specific plant species and part used are crucial when selecting plants for medicinal or dietary purposes. Also, regular monitoring of heavy metal concentrations in these plants, especially in regions with environmental pollution is eminent, is recommended. Further research may be conducted to understand the bioavailability and potential health impacts of these elements in the plants studied. Public awareness campaigns regarding the potential health benefits and risks associated with the consumption of these plants can be beneficial.
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