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Abstract 
 

Background: Vegetables are parts of plants that are consumed by humans and other animals 

as food and they provide adequate amounts of many vitamins and minerals for human 

Objective: To determine the levels of minerals in sun-dried different vegetables sourced 

locally in the South- East region of Nigeria  

Materials and Methods: In this cross-sectional study, leafy vegetables; Telfairia occidentalis 

(Ugu), Vitex doniana (Uchakiri), Pterocapus santahnoides (Uturukpa), Ceiba pentanda 

(Akwukwo Akpu), Colocasia antiquorum (Mpoto ede), Curcurbita pepo (Ugbogiri), Corchorus 

olitorus (Ahihara), Mucuna pruriens (Agbala), Amaranthus hybridus (Inine oji) and 

Lecaniodiscus cupaniodes (Ukpocha) sourced locally in Enugu State, South Eastern Nigeria 

were sun-dried and analyzed for minerals using Varian AA240 Atomic absorption 

spectrophotometer.  

Results: In this researchF, the leafy vegetables consumed in the South -East, Nigeria were 

found to contain minerals in concentrations not significantly different. They are good sources 

of magnesium (Mg), and would fairly supply calcium (Ca), potassium (K), and phosphate 

(PO4) which are required for the proper functioning of the body and healthy life. The leafy 
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vegetable also contains (Iron (Fe), Zinc (Zn), manganese (Mn), Cobalt (Co), Selenium (Se), 

and Molybdenum (Mo) required for specific biochemical functions in living organisms. 

However, the concentration of the microminerals in the vegetables are higher than the daily 

recommended limits, Only Vitex donaina and Lecaniodiscus cupaniodes vegetable diets 

provide Cobalt while Mo deficiency may arise in Telfairia occidentalis, Amaranthus hybridus, 

Corchorus olitorus, Ceiba pentanda, and Colocasia antiquorum leafy diets from this study. The 

result indicates that any of these vegetables would provide minerals for maintaining good 

health and treatment of malnutrition.  

Conclusion: The levels of macro minerals in the vegetable studied suggest that there may be 

a need for supplements to meet the required amount in the body. The vegetables contain 

microminerals needed at trace levels that may accumulate as toxins with detrimental health 

effects with time on consumption for a long period.  

Keywords: Mineral, Leafy vegetables, Enugu State Nigeria 
 

Introduction  
Safe food is required by everyone and all 

the time. Humans and other animals eat 

vegetables as food. Green leafy vegetables 

are essential components of food [1] in 

Africa generally and West Africa, in 

particular, and contribute substantially to 

the quality of the diet [2,3]. Food nutrients 

are richly sourced from vegetables 

particularly in rural areas [4]. They supply 

vitamins, minerals, carbohydrates, and 

proteins which are usually in short supply 

in daily diets and required for human health 

[5]. Consumption of vegetables has been 

reported to decrease significantly 

pathological incidences like cancer, 

cardiovascular diseases, and other aging-

related conditions [6]. It is also important in 

handling anemia since it contains iron.  

Biochemically nutrient minerals cannot be 

produced by living organisms rather they 

are obtained from the diet. The minerals 

come from rocks, soil, and water. They're 

absorbed as the plants grow or by animals 

as the animals eat the plants [7]. 

Macrominerals are needed in large amounts 

while micro minerals are required in small 

amounts [8, 9]. Minerals control 

physiological processes of the body and 

they perform regulatory functions [10]. 

Good food sources of minerals include nuts, 

beans and lentils, dark leafy greens, fish, 

seeds, shellfish, mushrooms, whole grains, 

low-fat dairy, beef and lamb, avocados, 

tofu, dark chocolate, cheese, and dried 

fruits [11]. Mineral deficiency is a lack of 

dietary minerals and the micronutrients 

needed for an organism's proper health. The 

cause may be a poor diet, impaired uptake 

of the minerals that are consumed, or 

dysfunction in the organism's use of the 

mineral after it is absorbed [12]. Any 

imbalance in the diet might lead to excess 

or insufficient intake of certain nutrients. 

Insufficient intake of a particular nutrient 

can lead to a deficiency disease. Excessive 

nutrients can, over time, affect metabolic 

processes and increase the risk of 

nutritional toxicities. Excessive intake of 

micronutrients occurs when minerals 

exceed an upper limits level [13, 14]. The 

need for essential nutrients in our food in 

suitable measure for good health led to the 

present study.  

 

Objective  
To determine the levels (concentrations) of 

minerals in sun-dried different vegetables 

sourced locally two markets located in 

Enugu State, of Nigeria  

 

Materials and Method  
Sample Collection and Preparation: This 

is a cross-sectional study [15] in which 

commonly used vegetable Samples; 

Telfairia occidentalis, Vitex doniana, 

Pterocapus santahnoides, Ceiba pentanda, 

Colocasia antiquorum, Curcurbita pepo, 

Corchorus olitorus, Mucuna Pruriens, 
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Amaranthus hybridus, and Lecaniodiscus 

cupaniodes were bought from a village 

market in Mgbowo, Aninri Local 

Government Area of Enugu State. The 

vegetables were collected from two markets 

- Agbani & Awgu respectively in the Enugu 

State of Nigeria. Two vegetable samples 

were collected each to ensure adequate 

representation.  

The leafy samples were washed with 

distilled water, sun-dried for a week, and 

later homogenized with an electric blender. 

Dry Preparation of samples involved 2g of 

the sample, heated in a furnace for 2hrs at 

5500c, diluted with 20ml, 20% H2SO4, and 

filtered with filter paper [16].  

 

Laboratory analysis: The mineral 

compositions were determined using 

Varian AA240 Atomic absorption 

spectrophotometer based on quadrupole 

mass analyser and octapole reaction 

system.  

(FS240AA Agilent Atomic absorption 

spectroscopy, USA make) [17]. Collision 

cell in He-mode was used for elimination of 

possible polyatomic interferences and 

instrument was set up by using Tuning 

solution (Agilent Technologies, Santa 

Clara, USA).  

 

Data quality: Data quality (18) was 

confirmed used laid out gold standard to 

increase the overall reliability, 

reproducibility, and specificity of data 

generated for analysis in this study. To be 

more specific, the calibration solutions 

were prepared by the appropriate dilution of 

the single element certified reference 

materials. Measurement accuracy was 

verified by using certified reference 

material of water as was optimized by the 

Springboard research laboratories. Awka, 

Anambra State, Nigeria where the samples 

were analysed.  

 

Statistical analysis: The results 

were subjected to analysis of variance 

(ANOVA) using the statistical package 

Minitab to determine variation between and 

within result groups.  

 

Results  
Table 1 shows the level of macro-mineral 

contents of ten local vegetables recovered 

from the local markets in the selected 

communities of Enugu State in South-

Eastern Nigeria. Magnesium, Calcium, 

Potassium, and Phosphate were present in 

the result. The magnesium concentration 

ranged from 0.000-26.415mg/kg; The 

highest concentration of Magnesium was 

found in Ceiba pentanda (26.415mg/kg), 

followed by Telfairia occidentalis 

(26.332mg/kg) and the lowest was in 

Lecaniodiscus cupaniodes (8.468mg/kg). 

Magnesium was not found in Vitex 

donaina. Calcium concentration in the 

studied vegetables ranged from 1.473- 

3.928mg/kg; the highest concentration was 

in Amaranthus hybridus and the lowest in 

Corchorus olitorus. Potassium 

concentration ranged from 1.299-

4.382mg/kg with the highest concentration 

in Telfairia occidentalis and the lowest in 

Corchorus olitorus while the highest level 

of phosphate (5.893mg/kg) was found 

Ceiba pentanda and the lowest value of 

(1.748mg/kg) in Mucuna pruriens. The 

overall macro mineral composition was not 

significantly (p>0.5) dependent on 

vegetable samples processed or location 

from where the vegetables were recovered  

The micro-mineral analyzed were Iron, 

Zinc, manganese, cobalt, selenium, and 

Molybdenum. Iron content ranged from 

2.885-43.083mg/kg as the highest in all the 

vegetable samples analyzed. Iron (Fe) was 

highest in Telfairia occidentalis 

(43.083mg/kg) and lowest in Amaranthus 

hybridus (2.885mg/kg). The concentration 

of zinc ranged from 3.042-18.378mg/kg; 

The leaves of Amaranthus Hybridus 

possess the highest concentration of Zinc 

(Zn) (18.378mg/kg) followed by Telfairia 

occidentalis (11.176mg/kg) and the lowest 

was also found in Vitex doniana leaves 
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(3.042mg/kg). Manganese content was in a 

range from 1.001-7.940mg/kg; The highest 

concentration of Manganese (Mn) was 

found in Vitex doniana (7.940mg/kg) and 

the lowest in Ceiba pentanda (1.001mg/kg). 

Cobalt was not detected in eight of the 

vegetable samples and the content ranged 

from 0.000-0.043mg/kg. Cobalt (Co) was 

detected only in Vitex doniana 

(0.043mg/kg) and Lecaniodiscus 

cupaniodes (0.027mg/kg). The Selenium 

(Se) content ranged from 6.891- 

13.022mg/Kg with the highest 

concentration found in Amaranthus 

Hybridus and the lowest in Vitex doniana. 

Molybdenum concentration ranged from 

0.000-20.445mg/kg. The level of 

Molybdenum (Mo) ranges from 4.923 – 

20.445mg/kg. The highest was observed in 

Lecaniodiscus cupaniodes and the lowest 

was in Mucuna pruriens leaves. It was not 

detected in five vegetable samples (Table 

2). The overall micro mineral composition 

studied again was not significantly (p>0.5) 

dependent on vegetable samples processed 

or location from where the vegetables were 

recovered 

 

Table 1: Level of macro mineral in the vegetables studied 

Samples  Magnesium  Calcium  Potassium  PO4  

Telfairia occidentalis  26.332  1.927  4.382  3.738  

Vitex donaina  0.000  2.382  1.455  4.865  

Lecaniodiscus cupaniodes  8.468  2.927  3.873  3.198  

Pterocarpus santahnoides  9.213  3.482  2.083  2.978  

Amaranthus hybridus  22.520  3.928  2.983  2.285  

Corchorus olitorus  17.465  1.473  1.299  4.754  

Mucuna pruriens  17.787  2.372  1.382  1.748  

Ceiba pentanda  26.415  2.473  1.728  5.893  

Colocasia antiquorum  25.742  2.848  2.272  2.907  

Cucurbita pepo  25.708  3.848  2.543  2.009  
 Using analysis of variance, the result shows no significant difference between and within the groups (P>0.05), 

Metal concentration=mg/kg 

Table 2: Micro mineral contents of the vegetables studied  

Samples  Iron  Zinc  Manganese  Cobalt  Selenium  Molybdenum  

Telfairia occidentalis  43.083  11.176  6.931  0.000  9.033  0.000  

Vitex donaina  42.929  3.042  7.940  0.043  6.891  9.210  

Lecaniodiscus cupaniodes  8.205  6.347  1.125  0.027  8.088  20.445  

Pterocarpus santahnoides  8.924  6.481  6.566  0.000  9.372  1.500  

Amaranthus hybridus  2.885  18.378  4.105  0.000  13.022  0.000  

Corchorus olitorus  16.770  7.830  2.350  0.000  10.932  0.000  

Mucuna pruriens  11.048  4.259  2.937  0.000  11.286  4.925  

Ceiba pentanda  7.806  4.630  1.001  0.000  7.106  0.000  

Colocasia antiquorum  10.867  9.217  2.888  0.000  7.019  0.000  

Cucurbita pepo  10.426  7.034  2.093  0.000  8.960  13.789  
Using analysis of variance, the result shows there is no significant difference between and within 

the groups (p>0.05) Metal concentration=mg/kg 
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Discussion  
The diversity and great abundance of many 

vegetables in the forest and in the market 

consumed by the general public makes it 

difficult to select what to include in this 

type of study. Therefore, selected 

vegetables may not be adequately inclusive 

if the selection is not diverse and will not be 

adequately diverse if it is not inclusive [19]. 

High level of Magnesium found in Ceiba 

pentanda leaves in this research is higher 

than the recommended nutrient intake 

(RNI) of 3.5 – 6.0mg/kg magnesium for 

infants – Adults [20] and the tolerable 

Magnesium upper intake limit (UL) of 

350mg for adults [21]. 

 

 Leafy vegetables are very good sources of 

Magnesium, a cofactor of many enzymes 

involved in energy metabolism, protein 

synthesis, RNA and DNA synthesis, and 

maintenance of the electrical potential of 

nervous tissues and cell membranes.  

The vegetable's (Telfairia occidentalis 

leaves and sun-dried sepals of B. 

buonopozense) daily supply of calcium in 

this study is lower than the dietary reference 

intake (DRI) and upper limit values for 

adults (22, 23). Calcium plays important 

role in the formation of bones and teeth, 

regulation of nerve and muscle function 

[24]. It has also been shown to be essential 

in handling various non-communicable 

diseases such as osteoporosis, 

cardiovascular diseases and reduce 

colorectal cancer risk by enhancing the 

death of cells in the human colorectal 

epithelium that reduces colorectal 

neoplasm [25].  

 

Since the concentration of minerals was not 

significantly (p>0.05) dependent on the 

location, market or method of processing of 

vegetables, it therefore means that local 

consumers can buy the vegetables from any 

of the markets from any of the locations in 

the studied markets of Enugu State and 

expect the same level of minerals contents 

in their food nutrient quality. This is a a 

promising result to dietary family planners 

for the ultimate fight against malnutrition  

 

The vegetables analyzed have daily 

potassium levels lower than the dietary 

recommended intake (DRI) values for 

potassium which is 0.4-4.7g/day [19,26]. 

The highest level was recorded in Telfairia 

occidentalis. Potassium is essential in; 

reducing blood pressure, enhancing the 

healthy balance of body fluid, nerve 

transmission, and play a critical role in 

acid-base balance, regulation of osmotic 

pressure, skeletal and smooth muscles 

contraction, and Na+/K+ ATPase [27]. 

Family dietary planners must supplement 

alternative source of potassium to meet the 

minimum level since the studied vegetables 

have lower concentration of potassium. 

Suggested alternative source of potassium 

in food may include but not limited to 

Cooked spinach. Cooked broccoli. 

Potatoes. Sweet potatoes, Mushrooms, Peas 

and Cucumbers (28)  

In this study the phosphate levels of the 

vegetables are lower than the RDA value of 

phosphorus (700mg/day) [19]. Intracellular 

phosphorus is found in biological systems 

commonly in the form called phosphate 

even though more than 80% of the total 

phosphorus is stored in bone and teeth. In 

the Serum, phosphorus exists as inorganic 

phosphate, the physiological range is 

controlled through dietary absorption, bone 

formation, and renal excretion, and 

equilibration with intracellular stores [29, 

30].  

 

Phosphorus is essentially crucial in 

different biological functions; cell 

signaling, breaking and building of 

minerals, and exchange of energy. To get a 

balanced diet with enough phosphorus 

content, Phosphorus supplements such as 

Organ Meats, Seafood, Dairy, Sunflower 

and Pumpkin Seeds, Nuts, Whole Grains 

are recommended for consumers of the 

analyzed vegetables with low concentration 

of phosphorus in the studied area (31)  
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The vegetables analyzed are very good 

sources of iron. The vegetable contents of 

iron in descending order is Telfairia 

occidentalis >Vitec donaina > Corchorus 

olitorus >Mucuna pruriens > Colocasia 

antiquorum > Cucurbita pepo > Pterocarpus 

santahnoides >Lecaniodiscus cupaniodes > 

Ceiba pentanda> Amaranthus hybridus. 

From the values obtained in this study, the 

vegetables will provide daily iron content 

for a 70kg adult in the range of 201.95 - 

3,015.81mg/day which is higher than the 

minimum daily requirement of 10-

50mg/day [32] and the provisional 

maximum tolerable daily intake (PMTDI) 

of iron for a 70Kg adult (56mg/day) 0.8 

mg/kg of body weight from all sources [33].  

The requirement of iron for adult women 

and men is 18 mg and 8 mg per day [34]. In 

humans, hemoglobin, myoglobin, and 

Cytochrome are made up of iron as an 

essential part [35, 36]. The vegetable diet 

may reverse the lack of iron condition 

called anemia while an excess of iron above 

45mg/day causes gastrointestinal 

abnormality [37] or iron overload disorder 

(Table 2). The Consumer’s caution while 

eating these vegetables for iron supplement 

is advised 

The concentration of zinc daily (212.94 – 

1,286.46) mg seen in Amaranthus hybridus 

studied is higher than; a reference dose of 

21 mg zinc/day (0.30 mg/kg-bw-day) for a 

70 kg adult [38], the upper level of zinc 

intake for an adult male set at 45mg/day 

(690mmol/day) and the average daily zinc 

intakes of the children in the high-risk 

(developing) countries between 3.7 and 

6.6mg (56–100mmol) [18]. It would also 

take care of the risk of inadequate zinc 

intake by 20% of the worlds’ population 

[39]. Zinc is an essential element for plants 

and animals, but only a small increase in its 

level may cause interference with 

physiological processes [40]. Zinc is very 

useful in protein synthesis, cellular 

differentiation and replication, immunity, 

and sexual function [41].  

Zinc is a component of a variety of 

enzymes, including ribonucleic 

polymerases, alcohol dehydrogenase, 

carbonic anhydrase, and alkaline 

phosphatase in humans [42]. Impaired zinc 

absorption, vascular disease, cancer, and 

systemic iron overload may be associated 

with iron toxicity in the human body [32], 

Deficiency of zinc can result from 

inadequate dietary intake, impaired 

absorption, excessive excretion, or 

inherited defects in zinc metabolism [43].  

 

Zinc is an essential trace element necessary 

for human health, but high concentrations 

of zinc can lead to adverse health effects 

such as anosmia (the loss of the sense of 

smell) damage to the lungs, liver, kidney, 

heart, and central nervous system [44]. Zinc 

helps to speed up the healing process after 

an injury. In view of the above analogy, 

Amaranthus hybridus studied provides 

excellent source of zinc to local consumers 

in the studied community of Enugu State of 

South Eastern Nigeria  

 

In this research, the Vegetables were found 

to have adequate concentration of 

Manganese (Mn) providing different 

concentrations higher than the maximum 

body permissible limit of 5.5mg/kg [45]. 

Manganese is a co-enzyme that participates 

in urea, pyruvate, and connective tissue 

biosynthesis [35].  

Cobalt was detected only in Vitex donaina 

and Lecaniodiscus cupaniodes in this study. 

Other vegetables did not show the presence 

of Co. [46] reported Cobalt concentration of 

0.011ppm -0.090ppm. The vegetables in 

this study provided a slightly higher Co 

level (1.89 - 3.01mg/day) than the average 

daily intake of cobalt estimated to be 5 to 

40 μg per day (0.04mg) [47]. The grazing 

animals have a recommended value of 

0.20mg/kg cobalt [48]. Cobalt is beneficial 

to humans. It is a key constituent of 

cobalamin which is known as vitamin B12, 

the primary biological reservoir of cobalt as 



 
 Achikanu et al, 2021    Leafy vegetable minerals Research  

This open access publication is Licensed under a creative common’s attribution 4.0 international License 7 
 

an ultra-trace element [49]. Macronutrients 

like cobalt are toxic because of their 

solubility in water taken every day, every 

time by everyone and to high levels of 

cobalt may results in lung and heart 

diseases, dermatitis, rise in hemoglobin in 

anemic patients with nephritis, cancer, and 

chronic infections [50].  

 

From this research, the order of provision of 

selenium by the vegetables from the highest 

to the lowest in concentration is 

Amaranthus hybridus > Mucuna pruriens > 

Corchorus olitoru > Pterocarpus 

santahnoides > Telfairia occidentalis > 

Cucurbita pepo > Lecaniodiscus 

cupaniodes > Ceiba pentanda > Colocasia 

antiquorum >Vitex donaina. The level of 

selenium in the vegetables studied was 

higher than the maximum daily intake of 

0.45mg recommended [51]. Exposure to 

selenium for long is reported to cause 

paralysis [52] while a level above 5mg is 

considered to be highly toxic [51].  

Consumers caution while eating these 

vegetables for selenium is advised. 

Selenium at 4–8mg/kg intake is reported to 

decrease sperm motility in healthy men, 

increase the copper contents of the heart, 

liver, and kidneys, increases pancreatic and 

skin cancer cases and it detoxifies or protect 

against cadmium and mercury 

complications [53,54].  

Nutritionally essential selenium is a 

constituent of more than two dozen seleno-

proteins that play critical roles in 

reproduction, thyroid hormone metabolism, 

DNA synthesis, and protection from 

oxidative damage and infection [55]. It is 

also a constituent of glutathione peroxidase 

which is a major scavenger of H2O2 

[56,25]. 

Molybdenum was present in only five 

vegetable samples analyzed. The provision 

of molybdenum in descending order is 

Lecaniodiscus cupaniodes > Cucurbita 

pepo > Vitex donaina > Mucuna pruriens > 

Pterocarpus santahnoides. In this study, 

Pterocarpus santahnoides with a daily Mo 

intake of 105mg fall within the daily 

molybdenum requirement of 100 to 300mg 

for adults [57] while the other vegetables 

contain higher Mo level. The tolerable 

upper intake level of Molybdenum is 2 

mg/daily [58]. Molybdenum is a 

micronutrient very important for 

microorganisms, plants, and animals [59]. 

Molybdenum is a cofactor for four enzymes 

involved in the metabolism of sulfites, 

waste products, and toxins in the body 

respectively [60,61]. Very high levels of 

Mo in animals are associated with a 

reduction in growth, failure in the kidney, 

infertility, and diarrhea [62]. Reduction in 

sperm count, quality of sperm, and 

circulating testosterone levels are 

associated with a level of molybdenum in 

the human blood [63,64].  

Conclusion  

The ten sun-dried local vegetables analysed 

contain minerals in different concentrations 

non significantly. The vegetables are good 

sources of Magnesium Calcium, Potassium, 

and Phosphate in the body system for 

healthy functions. Most of the macro 

minerals are lower in concentration than 

tolerable upper levels. This indicates that 

the populace may need mineral 

supplements or fortified diets to meet 

appropriate requirements to avoid mineral 

deficiencies.  

 

The vegetables contain microminerals 

essential for good health though in values 

higher than the recommended daily intake. 

This indicates that continuous consumption 

of the vegetables may lead to their 

accumulation in the blood exposing the 

consumers to health risks associated with 

excess intake of micronutrients. Eight and 

five of the vegetables studied do not contain 
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Cobalt and Molybdenum respectively. 

Supplements in diets for cobalt and 

molybdenum may be required to 

compensate for the lack in the affected 

vegetables.  
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