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Abstract: 
This study investigates the mineral content of the medicinal plant Moringa olifeira cultivated in Senegal, 

focusing on heavy metal accumulation. Metals were extracted from dried leaves and seeds samples, after 

calcination and digestion of the resulting ashes. Metal concentrations were determined using atomic absorption 

spectrometry (SAA). The predominant macro elements in the leaf and seed powders, according to SAA, were Na 

(132.1 and 29.4 mg/Kg), K (1121.9 and 1027.9 mg/Kg), Mg (190.1 and 845.3 mg/Kg) and Ca (422.8 and 211.4 

mg/Kg). The predominant micro elements in the leaf and seed powders, according to SAA, were Cr (2.3 g/Kg for 

leaf), Fe (215.3 and 39.3 mg/Kg), Cu (1.1 mg/Kg for leaf), Zn (4.7 and 29.1 mg/Kg), Cd (0.3 and 0.1 mg/Kg) 

and Pb (3.0 mg/Kg for leaf). Ni is absent from both samples. Elevated metal concentrations in the leaves  

include chromium at 2.3 mg/Kg in leaves exceeding 2 mg/Kg WHO/FAO limit, iron at 215.3 mg/Kg in leaves 

and 39.3 mg/Kg in seeds exceeding the limit value of 15 mg/Kg WHO limit, cadmium at 0.3 mg/ kg equal to the 

0.3 mg/kg WHO/FAO limit. Zinc and lead concentrations are within WHO/FAO guidelines of 50 mg/Kg and 10 

mg/Kg, respectively. The target risk quotient (THQ) was less than 1 for all heavy metals in Moringa oleifera 

leaves and seeds, indicating that their consumption does not pose obvious non-cancer health risks, although 

prolonged use may lead to health risks. The overall HI for leaves and seeds remains less than 1, indicating the 

absence of health risks for the consumption of Moringa oleifera leaf or seed preparations. Our current results 

suggest that the leaves and seeds of the medicinal plant Moringa oleifera contain an acceptable amount of 

heavy metals and that their use is therefore beneficial in addressing macronutrient deficiencies. It is essential to 

organize periodic monitoring of heavy metal concentrations in Moringa oleifera extracts. The Na/K value is less 

than 1, which is the recommended value, in the leaves (0.12) and seeds (0.03), indicating a benefit of consuming 

Moringa oleifera extracts on high blood pressure. The Ca/Mg ratio value of 0.25 for seeds is within the 

recommended values (between 1 and 2) to be beneficial for consumers. For the leaves, the Ca/Mg ratio value is 

2.22 is outside of the recommended limits. The high consumption of Moringa oleifera extracts in Senegal could 

cause long-term bioaccumulation of heavy metals. 
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I. Introduction 
Moringa oleifera, belonging to the Moringaceae family (Padayachee & Baijnath, 2012), is the most 

widespread shrub species in the Moringa genus. It is a widely used plant that grows in several regions of the 

world [1,2]. It is found in tropical and subtropical regions and can survive in less fertile soils and is drought-

resistant. It is found in Africa, South America, and Southeast Asia [3-5]. It is a medium-sized shrub. Its leaves 

and fruits have significant nutritional value and are used in culinary preparations [6,7]. They play the role of 

dietary supplements to combat malnutrition in mothers and children in many countries, particularly in African 

countries [8-10]. Moringa leaves are very rich in secondary metabolites such as polyphenols and flavonoids, 

which give it antioxidant, antimicrobial, and anticancer properties [11-14]. The leaves also contain trace 

elements such as selenium, zinc, and iron, which are essential for the proper functioning of the metabolism [15-

17]. Moringa leaves and seeds are used in medicinal preparations to treat chronic disease, liver, high blood 

pressure, diabetes, fever and coughs [18-23]. Used as a medicinal plant in many parts of the world, this plant 

must be well studied to make its use without risks to human health. Indeed, studies have shown that dried 

Moringa leaves contain lead, cadmium, chromium, copper, and zinc which are toxic elements at high doses [24-

26]. It has also been shown that the presence of heavy metals in crops is often linked to the contamination of the 

soils shown to grow these [27,28]. Water quality and the use of fertilizers can impact the presence of metals in 
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plants  [29-31]. The accumulation of metals in plants can occur through root absorption or deposition on aerial 

surfaces. The widespread use of Moringa oleifera leaves and seeds observed in recent years has attracted the 

attention of researchers who are raising questions related to safety and health risks for consumers due to the 

presence of heavy metals [32,33]. Prolonged exposure of consumers to heavy metals exceeding guideline values 

is associated with the development of several serious diseases such as neuropathy, cancers, kidney failure, liver 

and pancreatic diseases, and mental retardation in children [32, 34-36]. It therefore appears essential to monitor 

the mineral composition of crops consumed both for food and for the preparation of medicines because elements 

such as lead, cadmium, mercury, and arsenic, non-essential elements, are very toxic to humans, even at low 

concentrations. In this study, we propose to evaluate the risks to human health of the consumption of leaves and 

seeds of Moringa oleifera cultivated in Senegal due to the presence of macro (Na, K, Mg, Ca) and 

microelements (Cr, Fe, Ni, Cu, Zn, Cd, Pb). 

 

II. Materials And Methods 
Instrumentation 

All experiments were carried out using a Thermo Fischer Atomic Absorption 3000. The samples were 

run in triplicates and the values reported are mean of triplicates. Analytical conditions, limits of detection and 

the calibration variables obtained for the studied elements are given in Table 1. 

 

Reagents and standards 

All solutions were prepared with distilled-deionized water (18MΩcm, Milli-Q, Millipore, Bedford, 

MA, USA). Sulfuric acid (H2SO4 , 98%), perchloric acid (HClO4, 70%) and nitric acid (HNO3 65%), from 

Sigma-Aldrich France, were used in the procedure of digestion of the samples. The analytical solutions were 

prepared from standard solution dilutions 1000 gmL
-1 

of Na, K, Mg, Ca, Cr, Fe, Ni, Cu, Zn, Cd and Pb 

(Aldrich, France). All materials used were decontaminated in nitric acid solution 10% v/v by 24 h. Leaves and 

seeds of Moringa oleifera were harvested from a rural area in Senegal. 

 

Extraction of heavy metals from leaves and seeds of Moringa oleifera 

Five grams of leaves or seeds of Moringa oleifera were weighed and collected in a Kjeldahl flask. Wet 

digestion was carried out with an acid mixture (3:2:1 nitric acid, perchloric acid and sulfuric acid) for 4 hours to 

obtain a clear solution. The samples were cooled to room temperature and the volume was made up to 100 mL 

with ultra-pure water [37]. They are stored in the refrigerator in food grade polyethylene bottles previously 

washed with a 6N nitric acid solution. 

 

Table 1: Analytical conditions and calibration curves for Na, K, Mg, Ca, Fe, Ni, Cu, Zn, Cd and Pb analysis by 

Atomic Absorption Spectroscopy. 

Mineral Wavelength (nm) 
Range of detection 

(mg/L) 

Correlation 

coefficient (R2) 
Calibration curve equation 

Sodium 598 0.02-0.8 0.9960 y = 123.66x +14.846 

Potassium 766.5 0.03-1.6 0.9969 y = 0.1621x + 0.0096 

Magnesium 285.2 0.003-0.6 0.9955 y = 0.5648x + 0.0109 

Calcium 422.7 0.005-4 0.9918 y = 0.0052x - 0.0018 

Chromium 357.9 0.03-10 0.9966 y = 0.0133x +0.0029 

Iron 248.3 0.05-0.8 0.9979 y = 0.0310x + 0.0042 

Nickel 232 0.09-8 0.9906 y = 0.0451x + 0.0173 

Copper 324.8 0.01-4 0.9975 y = 0.1418x + 0.0078 

Zinc 213.9 0.005-1.6 0.9958 y = 0.2175x + 0.0040 

Cadmium 228.8 0.004-1.8 0.9971 y = 0.1947x +0.0006 

Lead 217 0.1-12 0.9992 y = 0.0253x +0.0005 

 

Human Health Risk Assessment 

Consumption of leaves or seeds of Moringa oleifera containing heavy metals may pose a risk to human 

health. This risk can be assessed based on the estimated daily intake (EDI) (equation 1) of heavy metals, the 

target hazard quotient (THQ) (equation 2) and the hazard index (HI) (equation 3). To estimate the daily metal 

burden in the body of a consumer of a given body weight, the estimated daily intake (EDI) was calculated using 

the following equation 1 [38,39]. 

 

EDI = 
𝐶𝑛∗𝐼𝑅∗𝐸𝐹∗𝐸𝐷

𝐵𝑊∗𝐴𝑇∗1000
   equation 1 
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(EDI is the estimated daily intake of heavy metals ingested from an agricultural crop in mg/kg day, Cn 

is the concentration of heavy metal in agricultural crop measured in mg/kg, IR is the ingestion rate which is 

measured in mg/day, EF is the exposure frequency in days/year, ED is the exposure duration over years, BW is 

the body weight of the exposed individual in kg, AT is the time period over which the dose is averaged in days 

as seen in Table 2). 

 

Table 2: Exposure parameters for health risk assessment through various exposure pathways for plants [40]. 
Parameter Unit Adult 

Body weight Kg 70 

Exposure frequency (EF) days/year 350 

Exposure duration (ED) year 30 

Ingestion rate (IR) mg/day 100 

Plant adherence factor (AF) mg/cm2 0.07 

Dermal absorption factor (ABS) None 0.1 

Dermal exposure ratio (FE) None 0.61 

Average time (AT): For carcinogens Days 365 x 70 

For Non-carcinogens Days 365 x ED 

 

Target Hazard Quotient (THQ) 

Prolonged exposure to heavy metals from medicinal plant extracts may pose a carcinogenic risk to 

consumers. This risk is assessed using the target hazard quotient (THQ) method calculated, according to 

equation 2, as a percentage of the determined dose relative to the reference dose (RFD) [41]. If the THQ is less 

than 1, no risk to human health is expected; if the THQ is greater than 1, adverse health effects could occur. The 

THQ is calculated as the ratio of the average daily intake (EDI) to the reference dose (RFD, Table 3) (equation 

2) : 

 

𝑇𝐻𝑄 =  
𝐸𝐷𝐼

𝑅𝐹𝐷
   equation 2 

 

Table 3: Reference doses (RFD) used for Fe, Ni, Cu, Zn and Pb. 
Metal Cr Fe Cu Zn Cd Pb 

RFD (mg) 0.003 3 0.04 0.3 0.001 0.004 

 

Hazard Index 

Consumption of leaves or seeds of Moringa oleifera containing several heavy metals can pose a 

significant risk to the consumer's health. Indeed, the effects of these different toxic metals can be additive. The 

hazard index (HI) is a tool for assessing the total non-carcinogenic risk induced by these metals on human 

health. The HI is calculated according to equation 3 using the sum of the individual THQ of each metal 

hazardous to human health. The health risk level is low if HI < 1, while the health risk is high if HI > 1. 

 

𝐻𝐼 = ∑ 𝑇𝐻𝑄   equation 3 

 

Table 4: Metal levels in triplicate (mg/Kg) and Provisional Tolerable Weekly Intake (PTWI) values for metals 

[42]. 
Element 

(mg/Kg) 
Leaves Seeds 

PTWI for a 70-kg Individual 

(mg/week) 

LOD 

(mg/l) 

Na 132.11 ± 0.04 29.42 ± 0.02 14000 0.030 

K 1121.92 ± 0.01 1027.93 ± 0.01 24500 0.2 

Mg 190.1 ± 0.027 845.3 ± 0.019 2940 0.0008 

Ca 422.8 ± 0.011 211.4 ± 0.009 8400 0.0007 

Cr 2.3 ± 0.001  LOD 1.631 0.005 

Fe 215.3 ± 0.001 39.30 ± 0.004 392 0.001 

Cu 1.1 ± 0.001  LOD 245 0.001 

Zn 4.7 ± 0.003 29.1 ± 0.001 490 0.001 

Cd 0.3 ± 0.000 0.1 ± 0.000 0.490 0.0004 

Pb 3.0 ± 0.001  LOD 1.750 0.005 

PTWI: Provisional Tolerable Weekly Intake,  LOD: Limit Of Detection. 
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III. Results And Discussion 
Levels of minerals in leaves and seed of Moringa oleifera 

Macro elements (Na, K, Mg, and Ca) which are essential for the proper functioning of the body and 

Micro elements (Cr, Fe, Cu, Zn, Cd and Pb) which can cause serious damage are present in leaves and seed of 

Moringa oleifera. The concentrations (mg/kg) in the leaves and seeds of Moringa oleifera grown in Senegal are 

presented in Table 4. 

 

Sodium 

Sodium is a cation involved in maintaining constant osmotic pressure, regulating membrane potentials, 

nerve impulse conduction, and muscle irritability [43,44]. An excess or deficiency of sodium in biological fluids 

can cause significant disturbances such as diarrhea, vomiting, nephrosis, or intestinal diseases [45-47]. The 

recommended daily minimum intake of Na is estimated as 2400 mg/day [48]. In the leaves and seeds of 

Moringa oleifera from Senegal, the sodium contents are 132.11 ± 0.04 mg/Kg and 29.42 ± 0.02 mg/Kg, 

respectively. The results of analyses of leaves and seeds of Moringa oleifera harvested in India give 

concentrations of 1541.7 mg/Kg and 224.8 mg/kg [49]. Moringa oleifera leaves harvested in Nigeria have a 

sodium content [132.1 ± 1.1 mg/kg] [50] almost identical to our results. 

 

Potassium 

Potassium plays a central role in the body's physiology. It is linked to sodium metabolism and plays an 

essential role in the functioning of the cardiac system by preventing arrhythmias [51,52]. Its presence facilitates 

the conduction of nerve impulses and contributes to the proper functioning of the muscular system [53,54]. 

Potassium deficiency can lead to kidney failure, heart failure and hypertension [55]. The recommended daily 

intake of potassium is 3500 mg [56]. In the leaves and seeds of Moringa oleifera from Senegal, the potassium 

contents are 1121.92 ± 0.01 mg/Kg and 1027.93 ± 0.01 mg/Kg, respectively. The potassium content of Moringa 

oleifera seeds harvested from India is twice as high [2357.71 ± 1.87 mg/Kg] as that of seeds from Senegal [57]. 

On the other hand, Moringa oleifera leaves harvested in India have lower potassium contents [603.4 mg/Kg to 

665.4 mg/Kg] than those of leaves from Senegal [58]. 

The potassium/sodium ratio is an important factor in preventing high blood pressure and the 

recommended K/Na ratio should be greater than 1. The potassium-sodium ratio calculated by the recommended 

dietary allowances (RDA) which are 8.49:1 (leaves) and 34.96:1 (seeds), suggest that the consumption of the 

different parts of Moringa oleifera cultivated in Senegal can have a beneficial effect on high blood pressure. 

 

Magnesium 

Magnesium is a cofactor of many enzymes and is involved in protein, DNA and RNA synthesis and 

energy metabolism [59]. Magnesium is an important element in the control of ischemic heart disease and 

calcium metabolism in bones [60]. Magnesium deficiency may be associated with the development of 

cardiovascular problems and diabetes [61]. The recommended dose is 300 mg/day for women and 350 mg/day 

for men [62]. In the leaves and seeds of Moringa oleifera from Senegal, the magnesium contents are 190.1 ± 

0.027 mg/Kg and 845.3 ± 0.019 mg/Kg, respectively. The results of analyses of magnesium in Moringa oleifera 

leaves from Mexico give values between 3255 mg/Kg and 3406 mg/Kg, which are significantly higher than our 

results [17,23]. Other studies have given results between 584.25 mg/Kg and 617.43 mg/Kg closer to the results 

of this study [63]. 

 

Calcium 

Calcium helps fight the risks of osteoporosis in the elderly, high blood pressure, premenstrual 

syndrome and cancer [64,65]. The maximum recommended calcium intake is 2500 mg/day [66]. Doses up to 

4000 mg/day are not considered dangerous, but higher doses lead to calcification of various internal organs [67]. 

Calcium deficiency can lead to osteoporosis, rickets or tetany [68]. In the leaves and seeds of Moringa oleifera 

from Senegal, the calcium contents are 422.8 ± 0.0011 mg/Kg and 211.4 ± 0.009 mg/Kg, respectively. In 

another study, the Ca concentration found in Moringa oleifera leaves harvested in Mexico are much higher than 

our results and are between 2016.5 mg/Kg and 2620.5 mg/Kg [17,23]. Moringa oleifera leaves from Bangladesh 

give Ca concentrations between 13.22 mg/Kg and 26.45 mg/Kg which are much lower than our results [69]. The 

disparity in these Ca concentrations is likely related to differences in soil and irrigation water quality, the 

environment, and the geographic harvesting area of the Moringa oleifera samples. The calcium-magnesium ratio 

values calculated for the leaves (2.22) and seeds (0.25) of Moringa oleifera from Senegal are outside the 

recommended values (between 1 and 2) and confirm that the consumption of Moringa oleifera leaves and seeds 

grown in Senegal has no positive impact on health. The amounts of sodium, potassium, magnesium, and 

calcium present in the different parts of the plant can contribute to ensuring the required daily intake of these 

macronutrients. 
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Chromium 

The Cr concentration in Moringa oleifera leaves is 2.3 mg/Kg while in seeds the chromium 

concentration is below the detection limit. The Cr concentration found in this study is lower than those reported 

for Moringa cultivated in Ethiopia (4.35 to 9.0 mg/Kg)  [38]. Chromium is a micronutrient necessary for the 

proper functioning of the body at low concentrations below 0.03 mg/kg. It is an element that can accumulate in 

the body and cause, in the long term, metabolic dysfunctions leading to cardiovascular problems, chronic 

hypoglycemia, cancers, dermatitis, lesions of the nasal mucosa, and eating disorders [70]. The permissible limit 

of chromium in plant raw materials is 2.0 mg/kg and that of finished products is 0.02 mg/day [71]. Our results 

show that the Cr level in Moringa oleifera grown in Senegal is higher than the reference value defined by the 

WHO for medicinal plants. Moringa oleifera grown in Senegal should be consumed with caution to avoid long-

term health complications. 

 

Iron 

Iron concentrations in the leaves and seeds of Moringa oleifera grown in Senegal are very different and 

are 215.3 and 39.30 g/Kg, respectively. These values are higher than the values obtained for Moringa oleifera 

leaves (4.75 to 29.37 mg/Kg) [72]. Iron is an essential component in the formation of hemoglobin and 

myoglobin for oxygen transport and cellular growth and division processes [72]. Iron deficiency can lead to 

severe anemia (Anal, 2014). The dietary limit of iron in the diet is 10 to 60 mg per day. Excess iron in the body 

is associated with the development of cancer, diabetes, cardiovascular or liver diseases [73].  Moringa leaves 

contain a significant amount of iron to be a potential source of iron supplement for consumers. These values are 

lower than the limit value of 392 mg/Kg, defined by WHO/FAO [74], the iron concentration is not of concern 

from the point of view of toxicity of leaves or seeds of Moringa oleifera used for consumption. 

 

Copper 

The Cu concentration in Moringa oleifera leaves is 1.1 mg/Kg while in seeds the copper concentration 

is below the detection limit. This value is comparable to the values reported for Moringa oleifera leaves from 

Pakistan at different stages of maturity (0.595 to 2.08 mg/Kg) [75]. However, it is lower than that found in 

Moringa oleifera leaves harvested (7.1 to 8.7 mg/Kg) in Ethiopia [38]. Copper is an essential element in human 

metabolism and controls biological functions, energy production, neurotransmitter synthesis and iron 

metabolism [39]. Excessive consumption of copper can cause health conditions such as irritation of nasal 

mucosa, nausea, kidney or liver problems [76,77]. This study showed that the consumption of Moringa oleifera 

grown in Senegal does not present any risks in terms of the presence of copper at a dose of 1.1 mg/Kg, far from 

the guide dose set by the WHO at 10 mg/Kg [39]. 

 

Zinc 

The zinc concentration in Moringa oleifera leaves is 4.70 mg/Kg while the seeds have a much higher 

concentration with a value of 29.1 mg/kg. These concentrations are higher than those reported in different 

samples of Moringa oleifera (3.2 to 4.8 mg/Kg) [78]. Although zinc is an essential element for different 

processes such as enzymatic catalysis, excessive zinc intake can have a negative impact on the health of 

consumers [79]. Consumption of low doses over a long period can also cause health risks [80]. In this study, the 

zinc concentrations of Moringa oleifera leaf and seed samples are below the limit value of 50 mg/Kg, set by 

WHO. 

 

Cadmium 

Cadmium concentrations are three times higher in leaves than in seeds, with values of 0.3 mg/kg and 

0.1 mg/kg, respectively. The highest concentration found in leaves is identical to the WHO maximum 

permissible limit of 0.3 mg/kg (2007). These concentration values are comparable to those found in samples of 

Moringa oleifera grown in Nigeria (0.156 to 0.312 mg/kg) [81] but are lower than the values reported for 

samples collected in South Africa (3.7 mg/Kg) [82] and Ghana (0.553 mg/Kg) [83]. Cadmium is very toxic at 

high doses. It can accumulate in the kidneys and cause serious damage leading to kidney failure, disruption of 

the vascular immune system, bone fragility and lung problems [84,85]. Our study showed that the cadmium 

concentration in the leaves and seeds of Moringa oleifera cultivated in Senegal are well within the WHO 

recommendations. 

 

Lead 

Lead concentrations in Moringa oleifera leaves grown in Senegal are 3.0 mg/kg, while the 

concentration in seeds is below the detection limit. This concentration is well below the WHO limit of 10.0 

mg/kg for medicinal plant preparations [79]. This value is lower than that reported for Moringa oleifera samples 

from Mexico (0.355 mg/kg) [17] and Ghana (0.370 mg/kg) [86]. Lead is a toxic element known to cause severe 
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anemia, kidney, brain, nerve, and liver damage, and reproductive disorders (ATSDR, 2007). The results show 

that lead concentrations in the leaves and seeds of Moringa oleifera grown in Senegal are well within WHO 

values. 

 

Health Risk Assessment of Heavy Metals Analyzed 

The health risks associated with the presence of metals in harvested crops are assessed by determining 

the estimated daily intake (EDI) of these elements in consumers. The estimated daily intake (EDI) includes the 

consumer's body weight, frequency, and duration of consumption. Table 5 presents the estimated daily intakes 

(EDI) of the different elements. The values found for the heavy metals Cr, Fe, Ni, Zn, Cd and Pb are lower than 

the reference doses, which suggests that the consumption of leaves and seeds extract of Moringa oleifera does 

not pose significant risk to consumer health. 

 

Table 5:  Estimated daily intake (g/Kg/day) according to the average concentration of each metal in leaves and 

seeds of Moringa for adults. 

Part of plant Leaves Seeds 

Na 7.755 x 10-2 1.726 x 10-2 

K 6.6586 x 10-1 6.2988 x 10-1 

Mg 1.116 x 10-1 4.4963 x 10-1 

Ca 2.2482 x 10-1 1.2411 x 10-1 

Cr 1.35 x 10-3 - 

Fe 1.264 x 10-1 2.3072 x 10-2 

Cu 6.458 x 10-4 - 

Zn 2.759 x 10-3 1.7084 x 10-3 

Cd 1.761 x 10-4 5.8708 x 10-5 

Pb 1.761 x 10-3 - 

 

Non-carcinogenic risk assessment 

Table 6 presents the non-carcinogenic target risk quotient (THQ) and the non-carcinogenic risk index 

(HI). The THQ values for Cr, Fe, Ni, Cu, Zn, Cd and Pb in the leaves and seeds of Moringa oleifera, are all less 

than 1, suggesting that the consumption of extracts poses no health risks to consumers. The HI values are less 

than 1 for leaves and seeds of Moringa oleifera extracts, indicating that the combined effects of the various 

heavy metals pose no long-term health risks to consumers. Our results are similar to those reported by other 

authors who report THQ and HI values lower than 1 for numerous varieties of Moringa [81,87]. 

 

Table 6: HQ and HI (mg/kg/day) of heavy metal in leaves and seeds of Moringa oleifera for adults. 

Element THQ (Leaves) THQ (Seeds) 

Fe 4.2133 x 10-2 7.6908 x 10-3 

Cu 1.6145 x 10-2 - 

Zn 9.1977 x 10-3 5.6947 x 10-3 

Cd 1.7613 x 10-1 5.8708 x 10-2 

Pb 4.4031 x 10-1 - 

HI 6.8391 x 10-1 7.2094 x 10-2 

THQ: Target Hazard Quotient, HI: Hazard Index. 

 

IV. Conclusion 
This study examined the presence of macro and micronutrients in the leaves and seeds of the medicinal 

plant Moringa oleifera grown in Senegal. The results showed that the concentrations of microelements (Na, K, 

Mg and Ca) contribute to the daily intake and that the Na/K ratios are less than 1, which is the maximum 

recommended value for the consumption of leaves and seeds to be beneficial for the consumer. However, the 

Ca/Mg ratios, which are 0.25 for seeds and 2.22 for leaves, are outside the recommended guideline values 

(between 1 and 2). The results also showed that the concentrations of macro elements (Cr, Fe, Cu, Zn, Cd and 

Pb) are in line with the guideline values, where they exist, defined by the World Health Organization. The non-

carcinogenic target hazard quotient (THQ) results indicated that the consumption of Moringa oleifera leaf and 

seed extracts grown in Senegal does not pose any health risks to consumers. The non-carcinogenic hazard index 

(HI) values in both samples suggest that the combined effects of these heavy metals do not cause any cumulative 

health problems with long-term consumption. 
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