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ABSTRACT 

 

Trifolium (clover) species are edible herbs that are rich in proteins, phytocompounds and 

essential macro and micro-nutrients. These herbaceous plants can therefore contribute 

significantly to the nutritional needs of people and can play a significant role in traditional 

medicine. With malnutrition becoming a growing problem amongst poverty-stricken 

communities in African countries where food is unaffordable, the use of Trifolium, a common 

perennial herb, can provide much needed nutrition and can ameliorate food insecurity. The 

bioactive phytocompounds in Trifolium species promote its use in traditional medicine as this 

is an affordable and, debatably, better form of treatment. South Africa has a rich diversity of 

Trifolium species, however there is little to no information regarding the nutritional value of 

these herbs and the uptake of toxic heavy metals which can cause adverse health effects if 

ingested. 

The main aim of this study was to evaluate the elemental distribution and nutritional value of 

five edible Trifolium species, namely Trifolium africanum, Trifolium burchellianum, 

Trifolium repens, Trifolium dubium and Trifolium pratense in KwaZulu-Natal, South Africa. 

The results obtained were used to assess the potential of these herbs to alleviate malnutrition 

in KwaZulu-Natal. The chemical composition of the five edible herbs was determined by 

analysing for proteins, lipids, dry ash and carbohydrates. T. dubium proved to accumulate the 

highest concentrations of toxic heavy metals (Cd and Pb), therefore the elemental distribution 

of essential and toxic metals in T. dubium were assessed for impact of soil quality on uptake 

by the plant by obtaining samples from ten different geographic locations in KwaZulu-Natal.  

Trifolium species investigated in this study were rich in essential nutrients with 

concentrations of elements varying significantly (p<0.05) and were found in decreasing order 

of Ca > Mg > Fe > Mn > Zn > Se > Cu > Cr > Pb > Ni > Co > Cd > As. The species had 
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adequate levels of lipids (4.2 to 8.6%), proteins (35.1 to 45.4%) and carbohydrates (26.7 to 

47.0%). The results obtained suggested that T. pratense was the most suitable species for 

human consumption due to it having undetectable levels of toxic metals (As, Cd and Pb) and 

being rich in macro and micro-nutrients, especially Fe (7.84 mg/10 g, dry mass) and Se (0.36 

mg/10 g, dry mass). The elemental uptake in T. dubium varied significantly with geographic 

location (p<0.05) and were found to be in descending order of Ca > Mg > Fe > Zn > Mn > Se 

> Ni > Cr > Cu > Co > Pb > Cd > As, where the availability and accumulation of heavy 

metals from soil were controlled by the plant to meet physiological needs. Soil quality 

parameters such as pH ranged from 6.15 to 6.68, soil organic matter ranged from 0.9 to 2.6% 

and cation exchange capacity ranged from 4.25 to 9.05 meq/100g. In general, this study 

indicated that Trifolium species investigated contain adequate concentrations of essential 

elements and low to undetectable levels of toxic elements which make it a safe and valuable 

source of nutrition. Therefore, these plant species can contribute positively to the diet of 

poverty-stricken communities and can aid in improving food insecurity in KwaZulu-Natal.     
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CHAPTER 1 

 

1.1 Introduction 

The worldôs growing population, specifically in developing countries, has increased the need 

for essential nutrients to sustain a healthy lifestyle (Bongaarts, 2007). These nutrients can be 

found in forage plants and edible herbs which are a rich source of phytonutrients. 

Phytonutrients that are found in edible herbs and fruits are known to be a better source of 

nutrients than those found in dietary supplements. Consumption of these natural resources 

contributes towards maintaining a healthy diet and preventing diseases. Forage plants may 

also improve food security especially in rural societies which are dependent on natural 

resources to meet basic dietary needs. (Kader, 2001).      

Trifolium species, forage herbs commonly known as clover species, is a genus of the 

Leguminosae family. These species are abundant with approximately 255 different species 

occurring naturally in temperate and subtropical regions of the northern and southern 

hemispheres with the Mediterranean region having the greatest diversity (Ellison et al., 

2006). Trifolium species, namely Trifolium repens (white clover) and Trifolium pratense (red 

clover) have been used in folk/traditional medicine for many centuries due to the presence of 

flavonoids and isoflavanoids in the plants (Kolodziejczyk-Czepas, 2012). T. repens contains a 

high mineral and protein content which is predominantly due to the plantôs root nodules 

having nitrogen fixing bacteria. This not only contributes to the plantôs nitrogen-fixation 

capabilities, but also inhibits the use of fertilizers and other concentrate feeds (Shrestha, 

2013). In terms of the herbôs medicinal applications, it can be used in the treatment of 

pneumonia, fever, sore throat, meningitis and menstrual pain (Bahmani et al., 2015, 

Cakilcioglu et al., 2011, Sabudak and Guler, 2009). Engelmann et al. (2009) reported that T. 



2 

 

pratense is used as a plant-based alternative in herbal and dietary supplements due to the 

species containing isoflavanoids that are useful in treating estrogen-related diseases. 

Medicinal applications of T. pratense include the use as an antidiabetic herb (Bahmani et al., 

2014), the treatment of cardiovascular disease (Sõukand and Kalle, 2013) and bronchitis 

(Bahmani et al., 2014). Other medicinal applications of Trifolium species are the use of T. 

burchellianum as an anticancer and blood purifying remedy (Magama et al., 2013) and that of 

T. angustifolium in treating stomach aches and diarrhoea (Barros et al., 2010). Additionally, 

Trifolium species are also used as an ingredient in soups, salads, desserts and drinks (Kelley 

et al., 2002).  

Regular assessment of medicinal herbs and fruits for heavy metal contamination is important 

as they are natural food sources. The elemental content of edible plants needs to be evaluated 

in order to establish if plants are safe for human consumption and to assess their contribution 

to the diet (Roberts, 1981). Several inorganic elements responsible for plant growth and 

development are macronutrients (N, P, K, S, Mg and Ca) and micronutrients (As, Cr, Co, Cu, 

Fe, Mn, Mo, Ni, Se and Zn). The plant accumulates a higher concentration of macronutrients 

compared to micronutrients which are usually found at trace levels. However, exposure to 

concentrations higher than the recommended threshold values set by health organisations for 

essential elements in humans can have detrimental effects and can affect an entire population 

if consumed for either medicinal or dietary purposes (Rengel et al., 1999). Inorganic elements 

that are nonessential (As, Cd and Pb) can also be found in trace amounts (Jadia and Fulekar, 

2009). Daily anthropogenic activities that contribute towards heavy metals in soil include 

poor waste disposal by industrial or urban areas, the use of pesticides and motor vehicle 

emissions (Cui et al., 2004, Pakade et al., 2013). The accumulation and exclusion of these 

heavy metals from the soil is controlled by the plant to meet physiological requirement levels 

and also depends on soil concentrations. The chemical properties of soil which include the 
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moisture content, soil organic matter (SOM), pH and cation exchange capacity (CEC) affect 

the mobility of essential/nonessential nutrients which influence uptake by plants (Greger, 

1999, Imtiaz et al., 2003). 

 

1.2 Problem Statement 

Most inhabitants of poverty-stricken communities in South Africa are both economically and 

physically unable to purchase commercially available food that is essential for a healthy and 

balanced diet (Moodley et al., 2007). South Africa is one of the many developing African 

countries that require alternative food sources to combat malnutrition and to overcome food 

insecurity (Goggin et al., 2009). It has been reported that about 14 million people (of which 

1.5 million are children) do not meet basic nutritional and dietary needs (Gqaleni et al., 

2007). Therefore, the need to promote the consumption and medicinal use of locally grown 

herbs that are easily accessible for local inhabitants is critical.   

Plants have the ability to accumulate high concentrations of heavy metals from contaminated 

soil and the primary exposure pathway to these metals is generally through ingestion. At 

elevated levels, these heavy metals (whether toxic or essential) can have adverse health 

effects however; many factors govern whether adverse health effects may occur. If a plant 

has a tendency to accumulate toxic metals and if ingested regularly, be it for medicinal or 

nutritional value, a personôs susceptibility to exposure and adverse health effects increases.   

There are standards and upper limitations set for metals in plants by the World Health 

Organisation (WHO) to prevent exposure to high concentrations of metals (WHO, 2005). 

Despite these regulations, there is little to no information on the elemental content, 

classification (accumulator, excluder or indicator) or nutritional value of Trifolium species in 

South Africa. Evaluating the chemical characteristics of these plants can contribute to 
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ameliorating food insecurity in South Africa and may provide greater knowledge in food 

science and agriculture.   

 

1.3 Aims 

The aim of the study was to compare the elemental distribution of selected elements (As, Ca, 

Cd, Co, Cr, Cu, Fe, Mg, Mn, Ni, Pb, Se and Zn) in five different Trifolium species (Trifolium 

africanum (African clover), Trifolium burchellianum (burchellôs clover), Trifolium repens 

(white clover), Trifolium dubium (hop clover) and Trifolium pratense (red clover)) found in 

KwaZulu-Natal, South Africa. T. dubium, which accumulated higher levels of toxic heavy 

metals (Cd and Pb), was chosen to determine the impact of soil quality on elemental uptake 

as a function of geographical location.  

 

1.4 Objectives 

¶ To validate the method used for the analysis of metals in Trifolium species and 

corresponding soil samples using certified reference materials.    

¶ To determine the concentration of selected elements (macro, micro and toxic) in the 

five Trifolium species and to evaluate for metal toxicity. 

¶ To determine the proximate chemical composition (moisture, lipid, protein and dry 

ash) of the five Trifolium species.   

¶ To determine the nutritional value of the five species analysed by comparing 

elemental results to recommended dietary allowances.  

¶ To determine the concentration of elements (macro, micro and toxic) in T. dubium 

leaves and corresponding growth soil (total and exchangeable) from the ten sampling 

sites in KwaZulu-Natal. 
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¶ To determine the pH, soil organic matter and cation exchange capacity of the soil 

samples from the ten sampling sites. 

¶ To perform statistical analyses to assess the impact of soil quality on elemental uptake 

by T. dubium. 
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CHAPTER 2  

 

LITERATURE REVIEW  

2.1 Medicinal plants 

Traditional medicine uses plant-based drugs that are developed using traditional knowledge, 

the benefits of which are recognised by the World Health Organisation (WHO), hence the 

current push for incorporating it into healthcare systems, specifically in developing countries 

(Akerele, 1987). The main reason for this is that in most developing countries, local 

communities do not have proper healthcare systems or facilities due to lack of accessibility 

and affordability (Graham, 1991). The move towards traditional medicine to serve healthcare 

needs has resulted in an increase in research on folk or traditional medicine and the medicinal 

benefits of plants which are commonly used to treat various conditions (Gyasi et al., 2011).  

In South Africa, it has been reported that about 80% of the countryôs inhabitants use 

traditional medicine for their healthcare needs (Goggin et al., 2009, Gqaleni et al., 2007). It is 

evident that most South Africans, especially black South Africans, prefer to use folk 

medicine over conventional medicine to treat a wide range of diseases and conditions. An 

example is the study conducted at a local clinic in KwaZulu-Natal, where 84% of the patients 

chose to be treated using traditional medicine. The most popular form of treatment needed 

was for HIV/AIDS patients who also preferred the use of traditional medicine to boost their 

immune system. The study concluded with only 18% of patients stating that they may 

consider reducing their use of plant-based drugs in the future (Mander et al., 2007).  

Plants are the main source of medicine for traditional healers and various parts of the plant 

are utilised in the South African medicinal plant trade (Table 2.1) (Mander, 1998). 

Traditional healers obtain their medicinal plants from nature. They either use various parts of 
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the plant directly or they produce medicinal remedies or concoctions. It is reported that 

approximately 1000 medicinal plants found in the wild are being sold in local markets in 

Southern Africa (Chen et al., 2004).  

Table 2.1: The percentage of each part of the plant utilised in the medicinal plants trade 

(Mander, 1998) 

Plant parts used Percentage in trade (%) 

Bark 27 

Roots 27 

Bulbs 14 

Whole plant 13 

Leaves and stems 10 

Tubers 6 

Mixture of parts 3 

    

Medicinal plants used to prepare traditional medicine can also have negative effects that are 

not considered. Plants have the ability to accumulate toxic trace elements (As, Pb and Cd) 

due to growing and developing in heavy metal contaminated soil. The ingestion of these toxic 

elements (even in trace amounts) can cause severe illnesses to people who consume or utilise 

medicinal plants. Heavy metal poisoning can be carcinogenic, cause damage to the brain, 

kidneys and liver (Khan et al., 2008). A study on herbal drugs reported that all medicinal 

plants collected for preparation of traditional medicine should be tested for heavy metals 

since contamination of medicines is a common problem (Sahoo et al., 2010). Abou-Arab and 

Abou Donia (2000) determined the heavy metal contamination in medicinal plants in Egypt 

and found that the levels of toxic metals, particularly Pb and Cd, exceeded maximum levels. 

The study concluded that the uptake of toxic metals from soil was highly dependent on the 
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plant species. An efficient method for reducing the metal content was by boiling the plant in 

water instead of submerging the plant in hot water. Chizzola et al. (2003) monitored the 

heavy metal concentration in medicinal plants growing in Austria and found them to contain 

Cd and Pb. It was reported that Cd contamination only occurred in some plant species, 

showing that the soil did not play a role in Cd uptake by the plants. However, proper soil 

management was recommended for the growth of these medicinal plants since toxic metals 

were taken up which causes severe health risks if consumed in large amounts. Arpadjan et al. 

(2008) determined the concentration of As, Cd and Pb in seven different species of edible 

Bulgarian herbs. The three toxic metals were found to be present in all species analysed, with 

Pb having the highest concentration.   

 

2.2 Leguminosae family  

There is a wide spread of the Leguminosae plant family across the world where it has 

approximately 750 genera with an estimated 16,000 to 19,000 species (Allen and Allen, 

1981). Lewis (2005) reported that the Leguminosae plant family is the third largest, 

containing 727 genera and approximately 19,325 species. The plant family has been 

subdivided into three distinctive groups by taxonomists, namely Mimosaceae, 

Caesalpiniaceae and Fabaceae (Hutchinson, 1964). The general characteristics of plants that 

belong to the Leguminosae family include trees, shrubs, woody vines and perennial or annual 

herbs. The genus Trifolium (clover) belongs to the subfamily Fabaceae and has been reported 

to be one of the largest genera in the Leguminosae family, with approximately 255 species 

(Gillett and Taylor, 2001).     
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2.3 Trifolium species 

The genus name, Trifolium, was derived from the three leaflets of the plant (trifoliolate). 

Trifolium species, commonly known as clover, are annual or perennial herbs that can reach 

up to 50 cm in height. The flowers grow between 0.3-2.5 cm and are organised in capitate to 

spicate heads. The fruits are usually present with 1-2 seeds, but can have up to 9 seeds. The 

plants contain pods that are regularly dehiscent; however they can be irregularly dehiscent if 

there is a lack of sutures (Zohary and Heller, 1984).  

A wide range of different Trifolium species have a native spread in temperate and subtropical 

(Northern and Southern hemispheres) habitats, whilst these species are not usually present 

around Southeast Asia. There are three main habitats that have the largest diversity of 

Trifolium species namely, western North America, east Africa and the Mediterranean region 

(Polhill et al., 1994). These abundant species tend to grow and spread around mountains, 

alpine peaks, meadows, prairies, woodlands and semi-deserts. A small group of selected 

Trifolium species can grow in shady areas, hence these species prefer to be exposed to high 

solar radiation like most herbaceous plants (Ellison et al., 2006). Many Trifolium species 

grow as forage plants or green manure crops. Gillett and Taylor (2001) reported that 16 

species are being cultivated, with more species becoming naturalised across the world. 

Animals also tend to graze around areas rich in diversity of Trifolium species (Taylor, 1985). 

 

2.4 Uses of Trifolium species 

These herbs are well known for their biological activity and phytochemicals, making these 

species an important medicinal plant that has been utilised in folk medicine (Kolodziejczyk-

Czepas, 2012). These species are also consumed as a herb making them an important source 

of nutrients (Tundis et al., 2015). A frequent use of Trifolium in the environment would be its 
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role as a bioindicator, where the plants are able to determine the bioavailability of toxic heavy 

metals in contaminated soil. These studies using bioindicators not only provide information 

on toxicity and heavy metal exposure to inhabitants that consume the plant, but also for 

identifying pollutants that cause DNA damage in living plant species (Karlsson et al., 2003). 

Some of the uses in agriculture include nitrogen fixation and the growth of Trifolium in and 

around pastures for animal grazing (Brock et al., 1988).  

 

2.4.1 Medicinal uses 

The use of clover in traditional medicine is predominantly due to its anti-inflammatory, 

antioxidant, cytotoxic and estrogenic activity, and its use in minimising the side effects of 

chemotherapy and preventing the development of cardiovascular disease (Sabudak and Guler, 

2009). Table 2.2 is a summary of some of the basic medicinal uses of different Trifolium 

species (KolodziejczykȤCzepas, 2016). 
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Table 2.2: Ethnopharmacological recommendations for use of different Trifolium species in 

humans 

 

Trifolium  species Parts of the 

plant used  

Traditional uses References 

T. alexandrinum 

(Berseem clover)   

Whole plant, 

seeds and 

flowers 

Antidiabetic remedy, 

treatment of asthma, 

cough, ulcers and wound 

healing 

Khan et al. (2014a) 

T. angustifolium 

(Narrow clover) 

Aerial parts Stomach aches and 

diarrhoea 

(Barros et al., 2010) 

T. burchellianum 

(Burchellôs clover) 

Aerial parts Anticancer and blood 

purifying remedy 

Magama et al. (2013) 

T. dubium (Hop 

clover) 

Leaves Swellings and acne Moravec et al. (2014) 

T. fragiferum 

(Strawberry clover) 

Seeds and aerial 

parts 

Wound healing and 

burns 

Tugba (2016) 

T. minus (Suckling 

clover) 

Whole plant Blood clot disorders Ummara et al. (2013) 

T. pannonicum 

(Hungarian clover) 

Aerial parts Wound healing Menkoviĺ et al. 

(2011) 

T. philistaeum  Flowers Treatment of ovarian 

and breast cancer  

Jaradat et al. (2016) 

T. pratense (Red 

clover) 

Whole plant and 

flowers 

Disorders in the 

reproductive and 

nervous system, sore 

throat, expectorant, 

antiseptic, analgesic, 

pneumonia, meningitis, 

lung disease, heart 

disease and polycystic 

ovarian syndrome  

Cakilcioglu et al. 

(2011), Goswami et 

al. (2017), Sõukand 

and Kalle (2013)  
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Trifolium  species Parts of the 

plant used  

Traditional uses References 

T. purpureum 

(Purple clover) 

Leaves Antidiabetic  Bahmani et al. (2014) 

T. repens (White 

clover) 

Whole plant, 

flowers and 

seeds 

Treatment of sore throat, 

fever, coughs, colds, 

leucorrhoea, eye disease, 

deworming remedy, 

analgesic, stomach 

disorders, menstrual pain 

and improvement of 

memory 

Amjad et al. (2015), 

Bahmani et al. (2015), 

Papp et al. (2013) 

T. resupinatum 

(Persian clover) 

Whole plant and 

flowers 

Skin sores, constipation, 

digestive disorders and 

curing liver ailments 

Gulshan et al. (2012) 

T. rueppellianum  Whole plant Meningitis Giday et al. (2009) 

 

2.4.2 Food 

Trifolium species are a popular source of food for inhabitants who consume leafy vegetables. 

The plant species is an important nutraceutical that contains minerals and nutrients that can 

contribute positively to the diet (Kelley et al., 2002). These herbaceous species contain 

important phytonutrients, namely flavonoids and phenols that can be ingested through 

consumption, resulting in a more effective and affordable route to nutrients in comparison to 

commercial dietary supplements (Kader, 2001). The plant polyphenols also contribute to food 

characteristics, namely the bitterness, astringency and colour (Pandey and Rizvi, 2009).  

Bakoglu et al. (2009) investigated the fatty acids, protein and nutrient content in T. aureum, 

T. repens and other plant species belonging to the Leguminosae family. The results showed 

both Trifolium species to be the richest in proteins and nutrients, namely Cu, Mn, Ni, Mg, Zn, 
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Cr and Fe. These results correlated with previous studies on the Leguminosae family, 

indicating that these plants are rich in proteins and nutrients (Chang and Satterlee, 1979, 

Tewatia and Virk, 1996). Engelmann et al. (2009) reported on the use of plant extracts from 

T. pratense as a food additive in herbal and dietary supplements. The plant extracts contain 

isoflavones that have potent estrogenic effects that can help lower the risk of breast and 

ovarian cancer, and treat other menopausal disorders. These phytoestrogens are natural 

remedies which can be an alternative to woman who want to avoid hormonal therapy 

containing estrogen. Promensil (Figure 2.1) is a dietary supplement of plant phytoestrogens 

extracted from T. pratense. Examples of food that contain or use Trifolium species in the 

ingredients are salads, soups, entrees and desserts (Belsinger and Coca, 1991). 

 

 

Figure 2.1: Dietary supplement containing extracts from T. pratense 

 (https://www.luckyvitamin.com/p-4979-dropped-promensil-menopause-40-mg-60-tablets)  

 

2.4.3 Bioindicators 

Plants are utilised as bioindicators to assess heavy metal toxicity in soil ecosystems. This 

technique evaluates the effect of anthropogenic activities in the environment by measuring 
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the elemental uptake by hyperaccumulating plants. Plants that accumulate toxic heavy metals 

from soil assist in the prevention of metal toxicity in humans and indicate the potential or 

existence of environmental pollution (Knight et al., 1997). Trifolium species are 

hyperaccumulating plants that have been used in biomonitoring investigations as they are 

sensitive to pollutants in the environment (Piraino et al., 2006).  

T. repens was utilised as a bioindicator in a study where the toxic and genotoxic effects of Cd 

and As were investigated (Ghiani et al., 2014). Plant species were planted in soils that were 

spiked with known concentrations of Cd and As to determine the uptake of these toxic heavy 

metals by the plant. There was a synergistic or additive relationship between the metals, 

where an increase in As uptake decreased the concentration of Cd in the plant, whilst an 

increase in Cd showed an increase in As uptake. In summary, all plant species indicated the 

simultaneous presence of the toxic heavy metals in soil.  

Contaminated soil in the vicinity of a Pb smelter was investigated using T. repens and Lolium 

perenne (Poaceae plant family) to assess the uptake of Cd, Pb and Zn to determine the metal 

uptake by the plant and its phytotoxicity (Bidar et al., 2007). The concentrations of the metals 

accumulated by the plants were in the order of Cd > Zn > Pb. Between the two plant species 

studied, T. repens accumulated the lowest concentration of these heavy metals. Malizia et al. 

(2012) assessed the usefulness of T. pratense in monitoring the heavy metal content in soil 

and to evaluate pollution in the environment. Inductively Coupled Plasma Atomic Emission 

Spectroscopy (ICP-AES) was used to determine the elemental uptake of heavy metals (Cu, 

Zn, Mn, Pb, Cr and Pd) from soil by the plant. The results obtained in the study showed the 

metal uptake by the plant species and provided knowledge on the extent of soil pollution. It 

was concluded that herbaceous plants are useful analytical tools that can be utilised in 

assessing selected heavy metals in soil.     
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2.4.4 Agriculture 

Trifolium species were used in a study conducted in Fukushima, Japan, where the plants were 

being evaluated for their phytoremediation ability. T. hybridum, T. incarnatum and T. repens 

were grown in a cultivated farmland that had been contaminated with radiocesium. These 

plants together with 10 other species from different families decreased the concentration of 

radiocesium in the soil, however, the complete removal of radiocesium was unsuccessful 

(Kobayashi et al., 2014). Pasture legumes have been recognised for ameliorating the nitrogen 

content of soils without the extensive use of nitrogen fertilizer. The importance of preventing 

the use of nitrogen fertilizer in agriculture increases sustainability and minimizes 

environmental problems relating to the use of nitrogen fertilizers. T. repens enhances the 

nitrogen-fixation process in soil and in grass pastures (Ledgard and Steele, 1992), and it can 

also improve pastures for grazing animals (Cave et al., 2015, Hammond et al., 2013, Lane et 

al., 1997). 

 

2.5 Trifoliu m species in this study 

The five Trifolium species selected for this study are Trifolium africanum (African clover), 

Trifolium burchellianum (Burchellôs clover), Trifolium repens (white clover), Trifolium 

dubium (hop clover) and Trifolium pratense (red clover).  
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2.5.1 Trifolium africanum   

The perennial herb, commonly known as the African clover, is an indigenous plant species 

that is native to Africa. The common plant name óAfrican cloverô originated from the fact that 

these species are indigenous to Southern Africa, where it is mainly found in KwaZulu-Natal, 

Lesotho, Orange Free State and Cape Province. The herb is grown around grassy areas, hills 

and along roadsides where it is readily grazed by livestock in the wild and on farms. The 

flowers of T. africanum are between light purple and pink in colour which can be used to 

distinguish them from other species. The flowers can be found in small groups usually in a 

spherical shape where they tend to start growing on an elongated stem in the middle of spring 

up until summer (Jones et al., 1974).     

 

 

Figure 2.2: Trifolium africanum 

 (http://www.ngkenya.com/flora/trifolium-01.html) 
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2.5.2 Trifolium burchellianum 

The common name of T. burchellianum is Burchellôs clover which originated from the 

plantôs scientific name. The other common name given to these species by local people in 

Southern Africa is óCape cloverô since the species grows in the Cape Province. This species is 

native to Africa, where it is located in South Africa, Lesotho, Angola, Kenya, Tanzania and 

Uganda (Wilson and Bowman, 1993). The herb grows in loamy sands with an acidic pH 

(approximately 6) in grasslands, forests, grazed fields (common plant for animal grazing) and 

along roadsides (Ryding, 1991). The distinguishing feature of this Trifolium species is the 

dark purple colour of the flower petals growing from the plantôs elongated stem. 

 

 

Figure 2.3: Trifolium burchellianum 

 (http://redlist.sanbi.org/species.php?species=363-10) 
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2.5.3 Trifolium repens 

One of the most commonly known Trifolium species is white clover which is distributed 

across the temperate regions. T. repens was given its common name ówhite cloverô due to the 

white flower heads that sprout from the stem that make these species distinguishable. The 

perennial herbaceous plant, which originated in Europe, can be found growing along 

roadsides, pastures, grassy fields, lawns and parks (Carlsen and Fomsgaard, 2008). The plants 

contribution to nature is the nitrogen-fixation ability where it converts atmospheric nitrogen 

to the form needed by plants (Almeida et al., 2000). The plant is used for many traditional 

medicine applications (Table 2.2) and possesses a high protein and carbohydrate content 

which make it a nutritious and valuable forage herb (Cook, 1966).    

 

 

Figure 2.4: Trifolium repens 

 (https://keyserver.lucidcentral.org/weeds/data/media/Html/trifolium_repens.htm)  
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2.5.4 Trifolium dubium 

These annual herbaceous legumes are known as Little Hop clovers. T. dubium can be found 

in dry habitats containing shallow, coarse-textured soil. The name óHop cloverô was 

originated from the plants dried flower heads to dried hops. The óLittleô in the common name 

of hop clover differentiates the plant from other Trifolium species containing yellow flower 

heads. T. dubium and T. procumbens both contain yellow flowers, but T. dubium has the 

smallest flower heads and the least amount of flowers in the head. The leaflets are different to 

most clovers where the centre leaflet is on a stalk, with the leaves (1-2 cm long) being 

serrated around the edges. The herb prefers warm temperate grasslands where it grows in 

pastures during spring and summer and are distinguished by their yellowish flowers (Kemp et 

al., 1999). The forage plant has similar characteristics to other Trifolium species; the leaves 

are used in traditional medicine, the plant has nitrogen fixation capabilities and livestock 

graze on them (Brock, 1973, Moravec et al., 2014, Uysal et al., 2010). 

 

Figure 2.5: Trifolium dubium 

 (https://keyserver.lucidcentral.org/weeds/data/media/Html/trifolium_dubium.htm)  
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2.5.5 Trifolium pratense 

Red clover is the common name given to T. pratense since the plant is distinguished by the 

red colour of its flowers. Red clover is a forage herb that is distributed and cultivated 

globally. Grazing by livestock and being a potent nitrogen-fixer are the main contributions to 

ecosystems, whilst the plants medicinal properties are exploited in traditional medicine. The 

perennial herb can be found growing in pastures and grasslands where they are enjoyed by 

bees that use them to produce honey. The flowers of red clovers tend to grow 10-15 mm long 

(Taylor and Quesenberry, 1996). Extracted constituents from Trifolium pratense are 

commercialised and sold in American and European markets as dietary supplements (Polasek 

et al., 2007). It is one of the few Trifolium species from which phytochemicals have been 

extracted and commercialised into tablets that are taken by woman for hormonal therapy 

(Coon et al., 2007). The flowers and other parts of the plant have also been used in the 

production of tea which is sold in Europe (Figure 2.7).  

 

Figure 2.6: Trifolium pratense 

 (http://drmgoeswild.com/the-top-30-vascular-plant-species-in-britain-fabaceae/trifolium/) 

 

Figure 2.7: Red clover tea sold in Europe 

 (https://www.swansonvitamins.com/alvita-tea-red-clover-tea-24-bag-s)  
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2.6 Soil 

Soil is the material found on the surface of the earth that is differentiated by the structure, 

thickness, texture and colour. The components that primarily make up soil are inorganic and 

organic constituents generated from weathered parent material, gases, moisture and essential 

nutrients that are required by plants (Bronick and Lal, 2005). The different layers of soil are 

divided into four regions (Figure 2.8). The organic materials (O) layer (approximately 0.5 to 

3 inches thick) present at the top of the soil profile consists of leaves, twigs and needles. 

Organic soils consist of about 20% organic matter. The topsoil (A) layer represents the region 

of accumulation of biological activity, where it is defined as the mineral horizon. This layer is 

darker and coarser than other underlying layers. Consisting of approximately 1-5% organic 

matter, this layer is significantly thinner or may not be present due to soil erosion.  

The subsoil (B) layer is also known as the region of accumulation, consisting of clay (red or 

brown in colour), iron and any other constituents that are penetrated by water. Organic matter 

is found in trace amounts. The weathered or decomposed rock (C) layer is the region that 

contains the most minerals. There is little to no biological activity in this layer which mainly 

consists of weathered rock, sediments, and saprolite. The solid rock (R) layer consists of 

granite, limestone, basalt and sandstone. This region is attached to the earth (Rumpel and 

Kögel-Knabner, 2011). Humus is one of the major organic components in soil which is 

produced from decaying organic matter that has further broken down into organic 

compounds. These contribute to the dark brown/black colour of soils and also improve the 

capacity to retain water within the soil (Zsolnay, 1996).  
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Figure 2.8: Soil profile showing the different soil horizons 

 (https://valeriaapes.weebly.com/apes-in-a-box-soil-profile.html)  

 

Soil is the source of many nutrients that are absorbed by the plant through the root system 

which is in direct contact with soil (Figure 2.9), which is not only responsible for the 

transportation of nutrients to the plant, but also offers protection and assists in the growth and 

development of plant life. Elements can be accumulated by the plant in three ways, namely 

mass flow, diffusion and root interception. During mass flow, the mobility of ions (Ca
2+

, 

Mg
2+

, NO3
-
 and Cl

-
) occurs from the soil to the root surface through water where nutrients are 

absorbed by the plant. Diffusion occurs when nutrients in the soil are transported from a 

region of high concentration (soil) to a region of low concentration (plant roots). Root 

interception is the process that occurs when the root system of a plant has grown into 

different regions of the soil which causes the direct uptake of nutrients (Weil et al., 2016). 
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Figure 2.9: The uptake of elements from the soil through the roots of the plant 

 (https://ars.els-cdn.com/content/image/1-s2.0-S0375674216304010-fx1.jpg)  

 

2.7 Soil analysis  

Assessment of soil can be performed using either chemical or physical techniques. Evaluating 

the moisture, pore spacing and density of soil are common physical techniques utilized in 

assessing soil. The general chemical techniques can be performed by determining the 

elemental composition and distribution in soil, organic matter content, salinity, pH, cation 

exchange capacity (CEC) and nutrient content (N, P, K) (Fageria et al., 2010).      

 

2.8 Soil quality  

The quality of soil is important for many functions that are performed, namely forming an 

excellent medium for the growth of plants, allowing the regular flow of water in the 

ecosystem, storing and recycling nutrients within the soil and maintaining a balanced 

elemental content that will not negatively impact animal and human health. High organic 

matter content in soil is preferable since it allows for water and the roots of the plant to 
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penetrate the soil more efficiently. Soil organic matter (SOM), soil pH and CEC are 

techniques used to assess the quality of soil (Lewandowski et al., 1999). 

 

2.8.1 Soil organic matter (SOM) 

Soil organic matter (SOM) has a major influence on the functions of soil, which include the 

ability to hold water and the ability for water to infiltrate the soil (Rees et al., 2000). 

Decaying animals and plant material enhance the SOM content which also improves the 

ability to maintain plant nutrients from leaching out (Poole, 2001). These nutrients are 

maintained and made available for plant uptake due to the breakdown of organic matter into 

compounds in the soil, allowing the roots of plants to absorb available nutrients. The process 

occurs all over again when decaying plant material or animal waste is introduced into soil 

which is then consumed by microorganisms in the soil, breaking down organic matter (Beldin 

and Perakis, 2009). High clay content tends to increase organic matter in soil due to the fact 

that clay binds cations (Ca
2+

 and Mg
2+

)  more effectively than sandy soils (Kabata-Pendias 

and Pendias, 2001). Figure 2.10 indicates how sources of SOM (decaying organisms) are 

decomposed by microorganisms into inorganic forms or humus. The ions that form either 

leach out, undergo chelation to form organometallic complexes or are released to the surface 

of the soil, which then becomes available for uptake by the plant.  
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Figure 2.10: The formation of organic matter in soil 

 (https://theorangegardener.org/topics/soil/organic-matter/)  

 

2.8.2 Soil pH 

Soil pH indicates if the soil is acidic (0 ï 6.0), alkali (8 ï 14) or neutral (about 7). The most 

optimum pH for vegetation and fruits to grow in soil is between 5.5 ï 8.0 (Figure 2.11) 

(McKenzie, 2003). The formation of acidic and alkali ions in soil affect pH of soil. Soils with 

a pH below 6 have an excess of H
+
 ions which causes acidic cations (Al

3+
 and Fe

2+
/Fe

3+
) to 

occupy negative exchange sites. An increase in soil pH due to the addition of basic cations 

(Ca
2+

, Mg
2+

, K
+
 and Na

+
) in soil causes the Al

3+
 and Fe

2+
/Fe

3+
 to combine with OH

-
 and form 

insoluble Al and Fe oxides (Equation 1).  

Equation 1: Al
3+

 + 3H2O Ÿ Al(OH)3 + 3H
+ 
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This creates free space in negative charged sites in soil, allowing for nutrient exchange. The 

formation of basic cations in soil is mostly due to the presence of carbonates (Equation 2)  

and bicarbonates (Equation 3) which naturally occur in soils (McCauley et al., 2009).  

Equation 2: 2H
+
 + Na2CO3 Ÿ CO2 + H2O + 2Na

+ 

Equation 3: NaHCO3 + H
+
 Ÿ Na

+
 + CO2 + H2O 

Soil pH is an important tool to evaluate soil quality since pH levels in soil have a direct 

influence on nutrient availability due to the H
+
 ions occupying the negative charges on the 

surface of soil. Nutrients that stick strongly to the surface of soil when the pH of soil is high 

(basic, low H
+
 concentration) are Cu, Fe, Mn and Zn. This is mainly due to the charge to size 

ratio of the molecules being high, where each molecule is small but contains a charge of two 

to three. This results in the nutrients being unavailable for uptake by the plant. A decrease in 

soil pH (acidic, high H
+ 

concentration) will result in these nutrients being made available for 

uptake by the plant due to the fact that the nutrients do not stick as tightly as compared to 

when the soil pH is high. Sulfur and the basic cations Ca
2+

, Mg
2+

, K
+
 and Na

+
 are large in 

size, therefore these nutrients do not bind strongly to soil particles. A high pH will result in 

the nutrients being readily available for uptake since they easily come off the soil particles. 

Nutrients exposed to low pH soil are displaced by H
+ 

and are lost through nutrient uptake by 

the plant or leaching (Lake, 2000, McCauley et al., 2009).      

 

Figure 2.11: Soil pH scale and plant growth 

 (http://soilquality.org.au/factsheets/soil-ph-south-austral)  
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2.8.3 Cation exchange capacity (CEC) 

The cation exchange capacity (CEC) of soil is determined by evaluating the amount of 

negatively charged sites on the surface of soil that can hold cations by utilising the forces of 

attraction. These positively charged ions (Ca
2+

, Mg
2+

, K
+
, Na

+
 and Al

3+
) are exchangeable 

within the soil which increases the ability of the plant to accumulate positively charged 

cations from the soil (Ross and Ketterings, 1995). The negatively charged sites on the surface 

of soil are mainly due to the clay and organic matter content (Shaw and Andrews, 2001). The 

relationship between soil pH and CEC is controlled by the amount of negative charges in clay 

and organic matter in the soil, where an increase in soil pH increases CEC. Clay contains 

high CEC levels based on the fact that organic matter has a high number of negative charges, 

whilst sand has very low CEC levels due to it not having an electrical charge (Figure 2.12) 

(Thomas et al., 2007).   

 

Figure 2.12: The different CEC levels between clay and sand 

 (http://slideplayer.com/slide/6996635/)   
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2.9 Total and exchangeable metals in soil 

Elements with densities larger than five and atomic weights of 23 and higher are classified as 

heavy metals (Passow et al., 1961). There are approximately 38 heavy metals of which As, 

Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Se and Zn are a few. These metals enter ecosystems via 

natural or anthropogenic activities. Metals can accumulate in various compartments of soil 

and mobilization of these metals is possible due to changes in the environment such as 

weather conditions (Fedotov and Miró, 2007). Concentrations of trace elements in soil are 

dependent on the climate, the form and intensity of weathering and other aspects that 

prevailed during soil formation. The key source of trace elements is parent rock material 

which is susceptible to weathering and tends to form fine textured soils. On the other hand, 

rocks that are resilient to weathering have low micronutrient content and tend to form rough 

textured soils (Sillanpää, 1982). A small portion of the total concentration of heavy metals in 

the soil that is accessible for incorporation into biota is known as the bioavailable 

concentration (Leventhal and John, 1995). Biochemical and chemical processes direct, for the 

most part, the mobility and availability of heavy metals. These processes are subjective to the 

pH, SOM, CEC and other biological activities (Violante et al., 2010). 

Table 2.3: Chemical forms of metals in soil (Gunn et al., 1988, Salomons, 1995) 

 Fraction Mobility  

T
O

T
A

L
 

In pore water (dissolved) High 

Weakly adsorbed (exchangeable) High 

Associated with carbonates High 

Associated with Fe, Mn oxides Moderate 

Complexed by organics Moderate 

Associated with sulfide Low 

In the mineral lattice Low 
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The chemical forms of metals in soil in their various solid phases are shown in Table 2.3 

(Gunn et al., 1988, Salomons, 1995). Metals are related to numerous sites in soil; variations 

in the cation composition could potentially result in ion exchange which releases weakly 

adsorbed cations into the soil. The mobility and availability could increase due to changes in 

redox activities and environmental conditions resulting in the release of metal ions. Metal 

incorporated in the mineral lattice are typically unavailable to biota (Leventhal and John, 

1995). 

 

2.10 Soil extraction techniques  

In determining which ions in the soil are exchangeable, the soil needs to be submerged in an 

extractant, typically an ionic solution. The ions in the extractant solution will displace the 

weakly held ions on the surface of the soil or adsorbed ions. At this point, both the 

exchangeable ions and ions in the extractant will be contained in the solution. The extractant 

chosen is dependent on the targeted ions in the soil (Gleyzes et al., 2002).  

The 1M ammonium acetate (NH4OAc) extractant solution is preferred as it is highly 

concentrated and the acetate ion which has a metal complexing power inhibits re-adsorption 

and precipitation of free metal ions (Ure, 1996). Acetic acid typically dissolves exchangeable 

species and has the ability to release more firmly bound exchangeable forms (Rapin and 

Forstner, 1983). A strong chelating agent that forms durable complexes with various metals is 

ethylenediaminetetraacetic acid (EDTA), which is known to be one of the most successfully 

used phytoremediation chelating agents (Rashid, 1974). This is mainly due to the molecule 

possessing a strong ability to chelate to a variety of metals as well as the ability to increase 

plant uptake and the bioavailability of metals in soil. The reagent binds to metal ions and is 

able to form complexes whereby the ions are held securely (Liphadzi and Kirkham, 2006).  
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For the formation of these complexes, the molecules in the extractant solution (made up of 

ammonium acetate, EDTA and acetic acid) form the ligand which will thereby bind to the 

metals from the soil. 

A typical reaction for complex formation is:  

M + nL ᵰ MLn 

With an equilibrium expression of:  

ὑ
ὓὒὲ

ὓ ὒ
ὲ 

Where K = equilibrium constant and logK = formation (stability) constant. 

The higher formation constant results in the metal ion being held more tightly within the 

newly formed complex. Hence, among other sequestering reagents, such as nitrilotriacetic 

acid and gluconic acid, EDTA contains one of the highest stability constants and therefore 

highest sequestering effect (Kocialkowski et al., 1999). Combining EDTA and acetic acid has 

been shown to attack the carbonate phase and extract metals in non-silicate bound plates. 

Therefore, the available metal forms are better represented by combining all three extractants 

in solution (Rauret et al., 2000).  

 

2.11 Heavy metal contamination in soil 

Heavy metals have the tendency to be adsorbed onto different particles, usually forming 

hydroxo complexes or existing as free ions in soil. The different species of metals present in 

the environment are influenced by the redox reactions that occur. These chemical reactions 

taking place within the environment causes a change in the oxidation state of the metal 

present. The metal species that are present as free ions lead to contamination since these 

metals are regarded as toxic, therefore it is important to assess the heavy metal uptake by 

plants as well as the toxicity in soil (Valentão et al., 2002).  
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Heavy metals present in the environment can exist in different species of that specific 

element, where the species formed is influenced by factors that include ionic strength, soil 

pH, temperature, redox chemical reactions occurring within soil and chemical composition 

(Blais et al., 2008). Table 2.4 below gives examples of heavy metals and their species that 

can possess toxic effects in the environment. 

Table 2.4: Heavy metals that occur in the environment and their relative species 

(Blais et al., 2008) 

Metal Species 

As As
3+

, As
5+ 

Cd Cd
2+

 

Cr Cr
6+ 

Cu Cu
2+

, Cu
+ 

Ni Ni
2+ 

Pb Pb
2+ 

Se Se
2-

, Se
4+

, Se
6+ 

Zn Zn
2+ 

    

The mining and chemical industry in South Africa produces waste that may contain high 

concentrations of toxic heavy metals and other pollutants. The irregular disposal of waste 

from these industries contaminate the  environment due to the leaching of these toxic heavy 

metals into soil and water systems (Naicker et al., 2003, Roychoudhury and Starke, 2006). 

Living organisms that consume or utilise plants can experience severe health risks due to 

exposure to these toxic heavy metals if they have been accumulated by plants. Due to this 

reason, it is essential that plants be assessed for heavy metal contaminants before they are 

used for medicinal purposes or consumed as part of the diet (Hussain et al., 2011).   
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2.12 Relationship between plants and soil 

Nutrients that are widely distributed in soil can be subdivided into two groups, namely major 

elements and trace elements. These nutrients, which are vital for plant growth and 

development, are obtained from decaying plant material and the weathering of parent rock. 

The roots of the plant are responsible for the absorption of nutrients from the soil by plant, 

therefore accumulation of major and trace elements by the plant are dependent on the 

mobility of elements from the soil to the root system. Nutrients absorbed by the root system 

are then transported to different parts of the plant by plant cells (Vitousek et al., 2009).    

 

2.13 Elements in plants 

The metabolic functions that occur within plants require elements for these functions that are 

known as essential elements. Deficiencies in essential elements can cause growth defects, 

however elevated concentrations can also lead to toxic effects. Plants have a high acceptance 

for specific elements which allows for the selective uptake (in the roots) of certain ions and 

the exclusion of others (Figure 2.13) (Mendez and Maier, 2008). Many developments have 

been made in order to understand the molecular mechanisms which are used by plants for the 

uptake and accumulation of micronutrients, for example, zinc, iron, manganese and copper. 

There are a few of these mechanisms that also assist in not only the uptake of essential 

elements but also in the accumulation of non-essential (or toxic) elements, in the likes of 

elements such as As, Pb and Cd (Liñero et al., 2017).  

In human beings, the intake of elements such as Cd, As and Pb has been related to cases with 

many disorders which typically include failure of organs such as the kidneys, diseases like 

diabetes and cancer, and also mental health problems (Järup, 2003). Research conducted in 

the past few years have shown that transporters within the plant are able to discriminate 



35 

 

between essential metals and toxic elements like the ones mentioned, but this is not in all 

plants. Furthermore, a process called sequestration, especially of non-essential elements, in 

the roots of plants has been referred to in many different plant species as one of the main 

processes which is responsible for the limiting of the translocation (movement and 

placement) of non-essential elements to edible tissues which exist above ground level in the 

plant, including its seeds. By increasing the concentration of the micronutrients which are 

bioavailable (commonly known as biofortification) in grains while depressing the 

accumulation of toxic elements will most likely require the functioning of a few different 

transporters in the plant. The selectivity for root uptake in most plants is fairly good but there 

is room for improvement for selectivity towards essential elements. This is the reason why 

non-essential elements which are not needed and are toxic are still taken up by plants.  

There exists a few toxic elements which have similar properties to that of essential elements 

and therefore uptake specificity becomes a real challenge. For instance, As can be found in 

soils in different oxidation states (commonly as arsenate, As
5+ 

or arsenite, As
3+

) and arsenate 

is extremely similar to phosphate (an essential element) with regard to the thermochemical 

radii, charged oxygen atoms and their pKa values. This is just an example, among others, 

illustrating why plants can often allow for the uptake of non-essential elements. Hence, 

sequestration of non-essential elements in many different types of plant roots is described as a 

key process for the limitation of translocation of toxic elements being taken up into the 

aboveground edible plant tissues and the seeds (Khan et al., 2014b).  
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Figure 2.13: The sequestration and the root uptake of metals  

(https://www.semanticscholar.org/paper/Phytostabilization-of-Mine-Tailings-in-Arid-and-Se-

Mendez-Maier/) 

 

2.14 Accumulators and excluders  

Plants that accumulate heavy metals are called accumulators, with the term 

hyperaccumulators being given to the extreme accumulators. These types of plants thrive in 

seriously contaminated soils and in proximity to ore deposits. On the other hand, there are 

plants that have established prevention or barring mechanisms making them unresponsive to 

wide concentration ranges of heavy metals ï these are called excluders (Bradl, 2005). 

Massoura et al. (2005) assessed the transfer of Ni from soil to Trifolium pratense, Triticum 

aestivum and Alyssum murale. The objective of the study was to determine which, from the 

three plant species, would accumulate or exclude Ni. These plants were grown for three 
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months on four soils that were spiked with a range of total and bioavailable Ni. The results 

obtained indicated that the accumulation of Ni was highly dependent on the available Ni in 

the soil since all plant species accumulated Ni. Due to the three plant species proving to be Ni 

hyperaccumulating plants, their application in the phytoextraction of Ni in soil can be 

exploited. This lowers the toxicological risk of excess Ni in soil systems since the 

concentration of Ni is reduced by the hyperaccumulating plants.         

 

2.15 Bioaccumulation factor  

Bioaccumulation is crucial as it allows for the uptake and storage of specific nutrients for 

growth and development, namely vitamins, trace elements, fats and amino acids, by the 

organisms (McDowell, 2012). The net result of a chemicals uptake, storage and removal is 

also known as bioaccumulation. Bioaccumulation depends on solubility, agility and contact 

of metals with the various explicit sites in the organismôs body. Trace elements like Pb, Cu 

and Cd causes difficulty with bioaccumulation as they are able to accumulate within 

organisms at high concentrations resulting in toxicity (Berthet et al., 1992). 

The ratio of a metalôs concentration in a plant to its concentration in soil is known as the 

bioaccumulation factor (BAF) (Timperley et al., 1970). 

ὄὃὊ
ὓὩὸὥὰ

ὓὩὸὥὰ
 

 

2.16 Essential elements in humans  

Seeds and plants are the leading source of nutrients that are essential for humans and for 

livestock as well. More than 21 elements, including C, N, O, P, K, S, Ca, Mg, Fe, Cu, Co, 

Mn, Mo, B, Na, Cr, F, I, Ni, Se and Zn have been established as essential elements in both 
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animal and human life (Abdulla et al., 1996) and are commonly known as nutrients. The 

essential elements are employed in the metabolism or structure of organisms and fit within 

either of the following two categories, namely macro-elements and micro-elements. Macro-

elements are defined as the elements that are required in large quantities within the body, 

whereas microelements are required in smaller amounts.  

Some elements like Ca and Mg are required in the human body in greater quantities than 

others (Table 2.5). Regular growth and development of the human skeleton requires Ca, 

whereas Mg is vital in developing and preserving the bones and crucial for a variety of 

enzymatic reactions (Gibson, 2005). 

Table 2.5: Recommended Dietary Allowances (RDAs) of individuals
a,b

 

Life 

stage 

Ca 

(mg/d) 

Cr  

(µg/d) 

Cu 

(µg/d) 

Fe 

(mg/d) 

Mg 

(mg/d) 

Mn 

(mg/d) 

Se 

(µg/d) 

Zn 

(mg/d) 

Males         

14-18 y 1300 35 890 11 410 2.2 55 11 

19-50 y 1000 35 900 8 400 2.3 55 11 

>51 y 1200 30 900 8 420 2.3 55 11 

         

Females         

14-18 y 1300 24 890 15 360 1.6 55 9 

19-50 y 1000 25 900 18 320 1.8 55 8 

>51 y 1200 20 900 8 320 1.8 55 8 

a
Sources from: Food and nutrition board, Institute of Medicine, National Academies (2011) 

b
RDA- Average daily intake level sufficient to meet the requirement of 97-98% of healthy 

individuals in a group 
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Iron is contained in haemoglobin within erythrocytes and deposited in macrophages too. It is 

utilised by cells in the body and is crucial in specific enzymatic processes. The trivalent form 

of Cr (Cr
3+

) is vital in carbohydrate, lipid and nucleic acid metabolism and functions in the 

regulation of insulin in patients with diabetes (Strain and Cashman, 2009). 

Selenium acts as an antioxidant and has significant interactions with other antioxidant 

micronutrients. Selenocysteine comprises at least 30 selenoproteins. Zinc plays a vital role in 

basic cellular processes and the synthesis of lean tissue in the human body. In the human 

body, Zn functions in three key groups ï catalytic, structural and regulatory (Strain and 

Cashman, 2009). 

Table 2.6: Tolerable Upper Intake levels (ULs)
a,b

 

Life 

stages 

(M/F)  

Ca 

(mg/d) 

Cr  

(µg/d) 

Cu 

(µg/d) 

Fe 

(mg/d) 

Mg 

(mg/d)
c
 

Mn 

(mg/d) 

Ni 

(mg/d) 

Se 

(µg/d) 

Zn 

(mg/d) 

14-18 

y 

3000 ND 8000 45 350 9 1 400 34 

19-50 

y 

2500 ND 10000 45 350 11 1 400 40 

>51 y 500 ND 10000 45 350 11 1 400 40 

a
Sourced from: Food and nutrition board, Institute of Medicine, National Academies, 2011 

b
UL- Highest level of daily nutrient intake that is likely to cause no adverse health effects 

c
Represents intake from a pharmacological agent only 

ND- Not determinable 
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2.17 Instrumentation 

In order for a sampleôs analyte concentrations to be determined, the sample needs to be 

digested and metals extracted into solution. The choice of the different techniques and 

reagents for use in the dissolution and decomposition of the sample is important in 

determining the analyte content in the sample. Concentrations of analytes in the sample can 

be found by utilising specialised qualitative and quantitative techniques. In this study, 

decomposition was carried out by microwave digestion while inductively coupled plasma ï 

optical emission spectrometry (ICP-OES) was the chosen technique for the determination of 

the elemental concentrations in the plant and soil samples due to its high efficiency, 

selectivity, rapid analysis times and convenience.  

 

2.17.1 Microwave digestion 

Sample preparation has been revolutionised ever since the microwave digestion technique 

first came to light during the mid-1970s. Utilisation of microwave decomposition has allowed 

the sample preparation step to be done in minutes instead of hours. The technique makes use 

of either sealed or open vessels, although sealed vessels have since gained more popularity 

due to minimal outside contamination and little loss of volatile materials. These sealed 

vessels also increase the efficiency of digestion, allowing for higher elevated temperatures 

and pressures to be reached (Lamble and Hill, 1998, Levine et al., 1999, Matusiewicz, 2003).  

The decomposition of a sample is usually carried out by use of a hotplate, which could take 

hours of an analystôs time, thus one of the chief benefits of using microwave digestion is that 

it is time efficient. In this method, decomposition of the sample occurs due to the microwave 

energy being directly transported to all of the solutionôs molecules simultaneously, in the 

absence of heat transfer onto the vessel itself (Figure 2.14), while with the utilisation of 

conventional heating methods (hotplate) conduction exists, thereby allowing for the transfer 
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of heat energy to the vessel. More time is needed for the heating of these vessels themselves 

compared to the time needed for the heating of the solution in the vessel, this is due to the 

vessel being a poor heat conductor. Conventional heating techniques (hotplates) also result in 

the solution being heated unevenly (Skoog et al., 2013).  

 

 

Figure 2.14: The pathway of microwave energy 

 (http://cem.com/en/discover-sp-features/)  

 

These vessels, which are used in microwave digestion, usually consist of a two-piece design, 

whereby the caps and liners are made up of Teflon or perfluoroalkoxy (PFA) of superior 

grade purity and the outer jackets are composed of polyetheramide or selected resilient 

microwave transparent composite material. Two of the main advantages of these materials 

are that they are able to withstand high pressures and temperatures and that they are resistant 

to chemical attack from any of the acids which are commonly used for digestion, for 

example, nitric acid. Teflon has a melting point of around 300 °C and is usually not attacked 

by many of the more commonly used digestion acids, this is why Teflon is the material of 

choice. If phosphoric or sulfuric acid is utilised, vessels composed of quartz or borosilicate 

glass are used due to the acids exhibiting high boiling points, which are higher than the 

melting point of Teflon (Matusiewicz, 2003). 
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2.17.2 Inductively coupled plasma-optical emission spectrometry (ICP-OES) 

The ICP-OES instrument is often used to determine the concentration of a range of elements 

in a sample. The instrument requires the sample to be introduced in the liquid form, therefore 

the sample (in the case of a solid) has to be digested in an appropriate acid in order to be 

brought into an aqueous form (Rouessac and Rouessac, 2013, Skoog et al., 2013). 

Mahlangeni et al. (2017) used nitric acid (HNO3) to digest edible mountain nettles by 

microwave digestion and analysed the samples for 13 elements using ICP-OES. The 

concentrations of elements found in the herbal plants were in decreasing order of 

Ca > Mg > Fe > Mn > Zn > Cr > Cu > Ni > Pb > Co > As > Cd > Se. The elemental analysis of 

the herbal plants Trifolium repens and Lolium perenne were performed using ICP-OES by 

Bidar et al. (2007). These plants were growing in a heavy metal contaminated field, where the 

concentration levels of Cd, Pb and Zn were investigated and found to be in decreasing order 

of Cd > Zn > Pb.  

A nebulising gas flow introduces the sample for analysis into the capillary tube. The sample 

solution is transformed into an aerosol by the high speed gas which is at the tip of the 

capillary tube. Isolation of the aerosol droplets then occurs based on their size whereby the 

finer droplets are transferred to the plasma while the larger droplets go to the drain. Streams 

of Ar gas move through three concentric quartz tubes which sit in the plasma unit. An 

induction coil, powered by a radio frequency generator, surrounds the tube. This generator is 

able to produce up to 2 kW of energy (Figure 2.15). Atoms and ions exist in the plasma 

vapour and are often highly excited to a state of radiated light (photon) emission. Analysis of 

the sample is made through spectral observations which commonly occur at 15 to 20 mm 

above the induction coil. This is where elevated temperatures such as 5 000 to 6 000 K are 

attained (Skoog et al., 2013).   
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Figure 2.15: Inductively coupled plasma source with a flame-like tail topping a brilliant 

white opaque core 

 (http://www.chemiasoft.com/chemd/node/52)   

 

The wavelength isolation device then differentiates between the atomic or ionic emission 

from the plasma and, from this, separation of the different wavelengths of the constituents 

occurs. This wavelength separation can occur in either a monochromator, a polychromator or 

in a spectrograph.  A simultaneous spectrometer is capable of scanning a wide selection of 

wavelengths and it can do this through the use of a polychromator or spectrograph. These 

simultaneous spectrometers contain dispersive devices and these devices can either be a 

combination of gratings and a prism or, just the gratings alone (Figure 2.16). In this way, 

multi-elements in the sample can be found instantaneously (Skoog et al., 2013). 
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