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ABSTRACT 

The rate of urbanization in developing countries imposes to develop standards for efficient food 

security. This study was conducted in 2013 in Libreville, Gabon to evaluate the metal concentration in 

three leafy vegetables commonly consumed in West Africa. Amaranthus cruentus (Amaranth), 

Hibiscus sabdariffa (Roselle) and Manihot esculentus (Cassava)  were sampled in seven markets of 

Libreville (Gabon) and analyzed for their concentration in Al, Ca, Fe, K, Mg and P  using ICP-AES. 

The concentration ranges found were   11-173 mg/kg, 5897-24911 mg/kg, 135-1220 mg/kg, 1531-9728 

mg/kg, 1470-7146 mg/kg and 186-1277 mg/kg for Al, Ca, Fe, K, Mg and P, respectively. These results 

indicated that amongst the leafy vegetables studied, Amaranthus cruentus was the best source of 

nutrients (Ca, Fe, K, Mg and P). However concerns could be raised for the some high aluminum 

content found in these leafy vegetables which may be detrimental to human and animal health. 

Keywords: leafy vegetables, nutrients, aluminum, daily intake, target hazard quotient. 

 
INTRODUCTION 

Population growth forecasts for year 2030 indicate 

that the world population will increase and reach 9 

billion inhabitants. This growth will particularly 

occur in the urban areas of developing countries, 

creating a situation of exploding alimentary needs. 

In response to this considerable challenge, urban 

agriculture, which was almost insignificant thirty 

years ago, has developed in cities and has reached 

a phase of rapid expansion in developing 

countries. Therefore, it is important to assess the 

nutritional quality of cultivated vegetables (Ondo 

et al., 2013). 

The consumption of vegetable and fruits has 

increased through urban agriculture, which 

provides fresh produces throughout the year 

(Kawashima and Soares, 2003). This has led to 

improve and balance people’s diets since fresh 

produces represent important source of proteins, 

vitamins and minerals for humans (Akbar et al., 

2010). Indeed, humans require more than 22 

mineral elements, all of which can be supplied by 

an appropriate diet. Each mineral has a particular 

function within the body. For example, calcium 

(Ca) functions as a constituent of bones and teeth, 

regulation of nerve and muscle function. Calcium 

absorption requires calcium-binding proteins and 

is regulated by vitamin D, sunlight, parathyroid 

hormone and thyrocalcitonin. Growing, pregnant 

and especially lactating humans and animals 

require liberal amounts of calcium (Soetan et al., 

2010). Phosphorus (P) is located in every cell of 

the body. It functions as a constituent of bones, 

teeth, adenosine triphosphate (ATP), 

phosphorylated metabolic intermediates and 

nucleic acids. Practically, every form of energy 
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exchange inside living cells involve the forming or 

breaking of high-energy bonds that link oxides of 

phosphorus to carbon or to carbon-nitrogen 

compounds (Soetan et al., 2010; Murray et al., 

2000). Potassium (K) is the principal cation in 

intracellular fluid and functions in acid-base 

balance, regulation of osmotic pressure, 

conduction of nerve impulse, muscle contraction 

particularly the cardiac muscle, cell membrane 

function and Na+/K+-ATPase. Plant products 

contain many times as much potassium as sodium. 

Sources include vegetables, fruits, nuts (Soetan et 

al., 2010). Magnesium (Mg) is an active 

component of several enzyme systems in which 

thymine pyrophosphate is a cofactor. 

Approximately one-third to one-half of dietary 

magnesium is absorbed into the body (Murray et 

al., 2000). Iron (Fe) functions as haemoglobin in 

the transport of oxygen. In cellular respiration, it 

functions as essential component of enzymes 

involved in biological oxidation. Brain is quite 

sensitive to dietary iron depletion and uses a host 

of mechanisms to regulate iron flux homostatically 

(Batra and Seth, 2002). For example, excessive 

accumulation of iron in human tissues causes 

haemosiderosis (Akpabio et al., 2012; Murray et 

al., 2000). Sources of iron include red meat, 

spleen, heart, liver, kidney, fish, egg yolk, nuts, 

legumes, molasses, iron cooking ware, dark green 

leafy vegetables. Aluminum (Al) is the third most 

abundant element in the earth’s crust. Increased 

aluminum exposure has the potential to cause a 

number of health problems such as anemia and 

other blood disorders, colic, fatigue, dental caries, 

dementia dialactica, kidney and liver dysfunctions, 

neuromuscular disorders, osteomalacia and 

Parkinson’s disease (Lokeshappa et al., 2012). 

Thus, due to the multiple roles of metals and their 

importance in human’s diet, the main objective of 

the present work is to evaluate the metal and 

nutrient composition of commonly consumed 

leafy vegetables sold in marketplaces of 

Libreville. 

 

MATERIALS AND METHODS 

Collection of samples, sample preparation and 

treatment: This study was conducted in 

Libreville, capital of Gabon (9°25’ east longitude 

and 0°27’ north latitude). The climate is equatorial 

type. The annual rainfall varies from 1,600 to 

1,800 mm. Average temperatures oscillate 

between 25 and 28°C with minima (18°C) in July 

and maxima (35°C) in April. Three types of leafy 

vegetables were randomly purchased in seven 

markets of Libreville, which were the markets of 

Okala, Nkembo, Owendo, PK8, Akébé, Nzeng-

Ayong and Mont-Bouet. The leafy vegetables 

bought were amaranth (Amaranthus cruentus), 

roselle (Hibiscus sabdariffa) and cassava (Manihot 

esculenta).  

The vegetables were brought to the laboratory 

where they were washed with distilled water to 

remove dust particles. Then, after separating the 

leaves from the other parts of plants with a knife. 

these latter were air-dried, then oven-dried at 

70C. Dried leaves samples were ground into a 

fine powder using a mill of IKA A10 type, 

thereafter stored in polyethylene bags kept at room 

temperature. 

500 mg of plant samples were digested at 150°C 

for 1 hour in a microwave mineralizer, using a 

mixture of nitric acid, hydrogen peroxide and 

ultra-pure water with a volume proportion ratio of 

2:1:1 (Nardi et al., 2009). Each mineralization 

product was filtered through a 0.45-μM filter 

(PTFE, from Millipore, Massachusetts, USA) and 

the metal concentrations determined by the ICP-

AES method (Activa M model, JobinYvon, 

France). 

Daily intake of metals (DIM): The estimated 

daily intake (DIM) of Al, Ca, Mg, Fe, K and P 

through vegetable consumption was calculated as: 

                           DIM=[M]×K×I 
 

where [M] is the heavy metal concentration in the 

plant (mg/kg), K is the conversion factor used to 

convert fresh part consumed plant weight to dry 

weight, estimated as 0.085, and I is the daily 
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intake of consumed plant, estimated as 0.255 

kg/day per adult. 

Target hazard quotient (THQ): The health risks 

to local inhabitants from consumption of 

vegetables were assessed based on the THQ, 

which is the ratio of a determined dose of a 

pollutant to a reference dose level. As a rule, the 

greater the value of the THQ is above unity, the 

greater the level of concern is high. The method of 

estimating risk using the THQ is based on the 

equation 

THQ = [(EFr × ED × FI × MC) / (RfD × BW × 

AT)] × 0.001 

where EFr is exposure frequency (365 days/year), 

ED is exposure duration (60 years for adults), FI is 

food ingestion, MC is the metal concentration in 

the food (mg/kg fresh weight), RfD is the oral 

reference dose (mg/kg/day), BW is the average 

body weight for an adult (60 kg) and AT is the 

average exposure time for non carcinogenic effects 

(365 days/year ×number of exposure years, 

assuming 60 years in this study). The RfD is an 

estimation of the daily exposure for people that is 

unlikely to pose an appreciable risk of adverse 

health effects during a lifetime and was based on 

value of 0.14 mg/kg/day for Al. 

Statistical analysis: The significance of 

differences between the means of metals in leaves, 

the edible part of plants, was evaluated by Tukey’s 

test (P<0.05). Statistical analyses were performed 

with the software XLSTAT, Version 2010 

(Addinsoft, Paris, France). 

 

RESULTS AND DISCUSSION 

The accumulation of metals in vegetables depends 

on cultivated soil, irrigated water and atmospheric 

conditions. In this study a non-essential metal, 

aluminum, and some essential metals such as Ca, 

Fe, K, Mg and P were assessed by ICP-AES in 

mg/kg on dry weight basis (Table-1). The mean 

and range of daily intake of nutrients from 

vegetables for adults are presented in Table-2. 

There was no significant difference between 

concentrations of Al in roselle, amaranth and 

cassava leaves. The lowest concentration of Al 

was found in cassava sample of PK8 market (11 

mg/kg) and the highest concentration in amaranth 

of Akebe’s market (173 mg/kg). 

The uptake of Ca was significantly different in 

three leafy vegetables. The concentration of Ca 

decreased in the order: amaranth > roselle > 

cassava. The lowest Ca concentration was in 

cassava of Mt-Bouet (5897 mg/kg) and the highest 

Ca concentration was in amaranth of Nzeng 

Ayong (24911 mg/kg). The lowest concentration 

was observed in cassava of Okala (135 mg/kg) and 

the highest concentration in amaranth of Owendo 

(1220 mg/kg). The mean daily intake of Ca of the 

leafy vegetables studied varied between 13% and 

56% of the recommended dietary allowances 

(RDA), which confirms that consumption of leafy 

vegetables is of utmost of importance since 

horticultural crops may be secondary source of 

calcium in comparison to dairy products but, taken 

as a whole, fruits and vegetables account for 

almost 10% of the calcium in the food supply. The 

dark green leafy vegetables are potential calcium 

sources because of their absorbable calcium 

content (Titchenal and Dobbs, 2007). 

There was no significant difference in Fe uptake in 

leafy vegetables. Its concentration varied between 

135 mg/kg (cassava of Mt-Bouet) and 1220 mg/kg 

(amaranth of Owendo market). The estimated 

daily intake of Fe from consumption of the leafy 

vegetables studied ranged between 4 to 36 mg/day. 

The recommended dietary allowance (RDA) of Fe 

is 10-18 mg/day for an adult (Dimirezen and Uruc, 

2006). This value was lower than those found for 

the roselle bought in Okala market (146%) and 

amaranth of Owendo market (199%).  

The uptake of K, Mg and P was significantly 

higher in amaranth than in the other vegetables. 

Thus, the highest concentrations were found in 

amaranth of Nkembo (9728 mg/kg), amaranth of 

NzengAyong (7146 mg/kg) and amaranth of 

Nkembo (1277 mg/kg) for K, Mg and P, 

respectively. The lowest concentrations were 

found in roselle of Mt-Bouet (1531 mg/kg), roselle 
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of Owendo (1470 mg/kg) and cassava of Mt-Bouet 

(186 mg/kg) for K, Mg and P, respectively. 

The daily intake of P and K from leafy vegetables 

studied is the lowest. It is always less than 6% of 

the RDA. Vicente et al. (2009) indicated that fruit 

and vegetable contribution to the total phosphorus 

in the US food supply was an average of 9.5%. 

But Potassium is the most abundant individual 

mineral element in vegetables. It normally varies 

between 600 and 6000 mg/kg of fresh tissue. 

Leafy green vegetables are known such as 

potassium-rich vegetables. 

The daily intake of Mg varied between 43 mg/kg 

and 210 mg/kg, 10% and 50% of RDA. People 

who eat of good quantities of green leafy 

vegetables, nuts, and whole grain breads and 

cereals ensures a sufficient intake of magnesium 

and are found to have higher magnesium densities 

than high-fat users, who consume significantly 

more servings of meat and higher levels of 

discretionary fat (Sigman-Grant et al., 2003). 

Generally, magnesium levels are significantly 

higher in vegetables than in fruits, but nuts are 

good sources of this nutrient. 

 

Table-1: Concentration of metals in leaves of vegetables (mg/kg dry matter) of Libreville 

Metal 

(mg/kg) 
Al Ca Fe K Mg P 

Roselle 
245a 

(147-359)* 
21264b 

(14350-27550) 
494a 

(244-1120) 
5326b 

(3687-9857) 
3563b 

(2469-4579) 
1721b 

(1288-2338) 

Amaranth 
279a 

(147-652) 

27379a 

(19650-34850) 

498a 

(174-1570) 

18833a 

(9108-23438) 

8650a 

(6329-11999) 

4299a 

(2818-5848) 

Cassava 
120a 

(40-333) 

11249b 

(8250-15650) 

315a 

(174-770) 

6692b 

(5228-8478) 

3892b 

(3369-4279) 

1510b 

(850-2548) 

* Mean and, in parentheses, minimum and maximum concentrations of an element in plant; Columns in 

the same graph are statistically significantly different with different lower-case letters at the p < 0.05 

level. 

 

Table-2: Estimated daily intake of nutrients and target hazard quotient (THQ) of aluminum for the 

studied leafy vegetables 

 Al Ca Fe K Mg P 

Roselle 0.187 
(0.112-0.273)* 

445 
(301-577) 

11.2 
(5.6-25.5) 

64 
(45-119) 

62 
(43-79) 

11.0 
(8.2-14.9) 

Amaranth 0.213 

(0.112-0.496) 

573 

(412-730) 

11.3 

(4.0-35.7) 

229 

(111-285) 

151 

(111-209) 

27.5 

(18.0-37.4) 

Cassava 0.091 

(0.030-0.253) 

235 

(173-328) 

7.1 

(4.0-17.5) 

81 

(64-103) 

67 

(59-74) 

9.6 

(5.4-16.3) 

RDA (mg/day) – 1300 8 4700 420 700 

RfD (mg/kg/day) 0.14      

Mean and, in parentheses, minimum and maximum daily intake of an element from leafy vegetables. 

There are basically two kinds of interactions between nutrients. SYNERGISM is a positive effect between 

nutrients and ANTAGONISM is a negative effect between nutrients. These interactions depend on soil 

type, physical properties, pH, ambient temperatures and proportion of participating nutrients. Generally 

soils of Libreville are acid with exchangeable bases (Ca, Mg, K) and P deficiencies (Ondo et al., 2012). 

Table-3 shows that the accumulation of Al and Fe was not significant with the other metals relations. 

Horbowicz et al (2011) showed that Al had a small impact on uptake and accumulation of nutrients such 

as calcium, magnesium and manganese. 
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Table-3: Pearson correlation matrix between metals in leaves of vegetables 

 Al Ca Fe K Mg P 

Alᶟ⁺ 1 0.532 0.323 0.272 0.246 0.281 

Ca²⁺  1 0.285 0.587** 0.696*** 0.665*** 

Fe²⁺   1 0.031 -0.029 -0.005 

K⁺    1 0.712*** 0.939*** 

Mg²⁺     1 0.734*** 

P⁵⁺      1 

* : p < 0.05 ; ** : p < 0.01 ; *** : p < 0.001 

Generally soils of Libreville are acid with exchangeable bases (Ca, Mg, K) and P deficiencies. Many 

synergic effects occurred between Ca, K, Mg and P. Agronomists and plant nutritionists have long been 

aware of the greatest competition that occurs between ions with similar size, valency and ion charge. 

Calcium, magnesium and potassium ions are quite similar in size and charge and hence, exchange sites 

cannot distinguish the difference between the ions. The relationships between plant Ca and others 

nutrients contents are complicated (Jakobsen, 1993). Morard et al. (1996) showed that in the case of Ca 

deficiency in growth substratum, the Ca and P contents in tomato plants have decreased but a synergistic 

effect between Mg and P. 

 

CONCLUSION 

Developed countries and international health 

agencies are working for developing new 

standards for estimation of dietary intakes and 

target hazard quotients, but in developing 

countries like Gabon, standards are still lacking for 

food security. This study found that despite acidity 

and nutrients deficiencies of sols of Libreville, 

nutrients concentrations were high in amaranth, 

roselle and cassava cultivated and sold in markets. 

The selected leafy vegetables minerals contents 

substantially participated for daily requirement. 

Concentration of toxic metal aluminum was often 

high. As these vegetables are widely consumed 

throughout West Africa, laboratory and field 

studies would be necessary to determine the 

capacity of these plants to accumulate other toxic 

metals, such as Pb or Cd in different soil 

conditions. 
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