
Research Journal of Agriculture and Environmental Management Vol. 5(8), pp. 257-260, October, 2016 
Available online at http://www.apexjournal.org 

ISSN 2315-8719© 2015 Apex Journal International 
 
 
 

Full Length Research 
 

X-ray fluorescence (XRF) analysis of bitter leaves 
(Vernonia amygdalina) 

 

Onoja R.A. 1, Ellah M., Onoja R.O. 2, Ogbeh E. 3 and Okoh, S1*. 
 

1
Centre for Energy Research and Training A.B.U. Zaria, Nigeria. 

2
 Department of Chemistry, Federal Government College Zaria, Nigeria. 

3
Depatment of Chemistry, Ahmadu Bello University Zaria, Nigeria. 

 
Accepted 11 August, 2016;  Published 13 October, 2016 

 
The effect of drying methods on the mineral composition of bitter leaves (Vernonia amygdalina) 
collected from a garden in Zaria environs was determined. The samples were homogenized and 
pelletized and elements such as P, S, Ti, Fe, K, Ca, Cr, Zn, Mn, Ni, Cu and Ba were determined using 
Energy Dispersive X-Ray Fluorescence (ED-XRF) technique. The result of this study indicates that this 
plant is rich in essential elements such as Ca, K, Zn, and Cr. These mineral elements are quite 
important in the control and management of diabetes, cancer and treatment of anemia. 
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INTRODUCTION 
 
The existence of minerals and trace elements in nature is 
essential to human life. Living organisms (humans) are in 
danger of health problems when these minerals are 
present in excess or in deficiency. Thus, a balanced 
concentration profile of trace elements and minerals are 
necessary for good health. Minerals are natural inorganic 
substances that possess definite chemical composition 
and atomic structure, and nearly five percent of human 
body is composed of inorganic materials, the minerals 
(Aremu et al., 2005; Cornelis and Halbut, 1985). They are 
present in all body tissues and fluids and their presence 
is necessary for the maintenance of certain physico-
chemical processes which are essential to life. The 
deficiency of these elements does not only cause severe 
health problems to adults alone, but also causes severe 
infections to early growth stages of infants and children 
(Batra and Seth, 2002). Hence, proper intake of these 
mineral elements serves as a preventive measure to 
some health problems. Consumable plants, if sown within 
soil zone containing these minerals, will solely depend on 
the mineral for their growth and development and as 
such, consuming these plants either directly or indirectly 
in the proper proportion serves as preventive measure to 
severe health problems. Some observations have found 
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that deficiency of trace elements at infant stage leads 
statistically to premature death (Chakravarty and Ghosh, 
2000). Mineral composition in plants also plays a vital 
role in terms of their medicinal and therapeutic effects, 
especially edible plants or vegetables. A promising plant 
amongst these is Vernonia amygdalina commonly known 
as Bitter leaf. 

Vernonia amygdalina is a shrub belonging to the family 
Asterraceae and it is extensively grown in tropical Africa 
and around forest Margin. This plant is a popular and 
common vegetable among the people of Nigeria and 
West Africa as a whole. Different methods have been 
applied to process the plants before use or storage. 
Drying is one of the most antique process of preserving 
the quality of this plant, as it consist of water removal 
from the raw material up to a level at which microbial 
spoilage and deterioration reactions are highly minimized 
(Rocha et al., 2011).   It has been reported that different 
processing methods have varying effect on the mineral 
composition of the plant. Hot air drying method is the 
most used method of drying this plant, but it has been 
reported that this method can lead to thermal damage 
and can severely alter the mineral composition of plants 
(Antal et al., 2011), hence a better option will be the use 
of microwave drying (Shaw et al., 2007; Karaaslan et al., 
2013). In this research, we are interested in investigating P, 
S, K, Cl, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn and Ba, when the 
sample  is  subjected  to  different drying methods, using  
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ED-XRF. The presence of these mineral elements plays 
a vital role in nutritional enrichment and medicinal value. 
For instance, Zn plays a nutritional role for system 
immunity, insulin secretion, release of vitamin A from liver 
and as enzyme. Also, other medicinal values of 
consuming this plant include: panacea for diabetes, liver 
damages, safe child birth, etc. 
 
 
METHODOLOGY 
 
Sample collection and preparation 
 
The leafy sample was freshly collected from a garden in 
Zaria and packaged in a polythene bag. The leafy sample 
was then split into two portions labeled A and B on a tray. 
Sample A was squeezed and washed while sample B 
was left un-squeezed. Each of these two samples were 
then further subdivided into two and subjected to sun-
drying and oven (infra-red) drying at a temperature of 
80

o
C. This makes up the four samples in consideration. 

These samples were then crushed individually to 
powdered form using an agate mortar and pestle. These 
individual samples were mixed and homogenized using a 
small agate mortar. Finally, each sample was then 
formed into pellets using a hydraulic press equipped with 
a die of diameter 2.5cm at a pressure of about 10 tones. 
 
 
Sample analysis 
 
The EDXRF analysis of the leaves was then carried out 
using Minipal 4 X-ray Spectrometer. The samples were 
loaded in the sample changer of the spectrometer and 
spectral acquisition carried for 1000 seconds. All 
measurements were carried out in air at the maximum 
power of 9W. The incident and the fluorescent X-rays 
were measured with a thermoelectrically cooled Si (Li) 
detector equipped with a thin Be-window. 

Standard spikes with equal concentrations of selected 
elements were used to obtain the correlations for the 
measured intensity, atomic number. These correlations 
are dependent on the condition set including X-ray tube 
voltage and current. Once these relationships are 
established and stored in the sensitivity library for several 
elements, they can be used to calculate the relationships 
by interpolation for elements in which standards are not 
available, thus establishing the basis for standard-less 
analysis. On the basis of these, some chemical elements 
were determined in the leaves. 
 
 
RESULTS AND DISCUSSION 
 
Sample A, which was un-squeezed and sundried, 
showed Potassium to have the highest concentration of 
54.59mg/g followed by Ca with 27.2mg/g. Zn was found  

 
 
 
 
to be of lower concentration (0.06mg/g). Ti was not 
detected in the sample that was un-squeezed and 
subjected to infrared radiation (sample B). However, the 
concentration of K and Ca increased while Zn still 
maintained the lowest concentration of about 0.06mg/g.  

Sample C, which was squeezed and sundried gave 
higher concentrations of all the mineral elements 
determined, ranging from 0.31mg/g-65.99mg/g as shown 
in Figure 1, while sample D, which was squeezed and 
infra-red, had a reduced concentration of the elements, 
ranging from 0.1mg/g – 56.7mg/g. 

The concentrations of K and Ca were significantly high 
in all the samples analyzed, and considering the fact that 
the mineral elements determined are the main nutritional 
target elements, their concentrations were improved only 
when the sample was squeezed and sundried. 

The presence of the above elements in the leaf may be 
attributed to the botanical structure of the plant as well as 
the mineral composition of the soil in which it was grown. 
Other factors responsible may include fertilizer 
application, climatic conditions etc. It is good to note that 
Vegetables ingest metals by absorbing them from 
contaminated soil. 

Heavy metals have been reported to play positive and 
negative roles in human life (Slavesk et al., 1998). The 
presence of mineral elements plays a vital role in human 
nutrition, and as such, proper consumption of this leaf 
aids the activation of the human metabolism. Consuming 
more of the squeezed sundried sample provides much 
more of the above listed elements that is nutritionally 
needed. 

The concentration of Zn in samples ranged from 
0.06mg/g -0.49mg/g, with sample C having the highest 
concentration. Zn has been reported to improve human 
immune system and also trigger the release of vitamin A 
from the liver. Zn is important for nerve function and male 
fertility. It is essential for normal sexual development, 
most especially for the development of testes and 
ovaries, it is also essential for reproduction (Ayoola et al., 
2010), healthy functioning of the heart as well as normal 
growth (Elizabeth, 1994). Hence, regular consumption of 
this plant may assist in preventing the adverse effect of 
Zn deficiency which results in retarded growth and 
delayed sexual maturation because of its role in nucleic 
acid metabolism and protein synthesis (Barminas et al., 
1998).  

Fe is found in the body tissue enzymes and accelerates 
body metabolism, and also facilitates the oxidation of 
carbohydrate, protein and fats to control body weight and 
prevention of anemia. Deficiency of Fe leads to anemia 
diseases. The concentration of Fe in the samples ranged 
from 1.10mg/g – 3.90mg/g. Fe is required for proper 
myelination of spinal cord and white matter of cerebellar 
folds in brain and is a cofactor for a number of enzymes 
involved in neurotransmitter synthesis. It is also involved 
in synthesis and packaging of neurotransmitters, their 
uptake   and   degradation   into  other    iron- containing  
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Figure 1. Mineral element composition of Vernonia amygdalina. 

 
 

 
proteins which may directly or indirectly alter brain 
function (Larkin and Rao, 1990; Beard, 2001). 

Epidemiological studies reveals that diets high in K can 
reduce the risk of hypertension and possibly stroke (by a 
mechanism independent of blood pressure) in animals, 
muscle contraction and nerve function. About 400mg-
800mg of K is required in human nutrition. Sample C 
gave a better concentration of K (60.10mg/g) in the plant, 
implying a better method of preserving the plant in order 
to increase its mineral composition. 

Cr stimulates the performance of several enzymes in 
the body, while its deficiency decreases the efficiency of 
insulin. It could play a role in maintaining the 
configuration of the RNA molecule, because Cr has been 
shown to be particularly effective as a cross-linking agent 
for collagen (Eastmond et al., 2008). Cr has also been 
identified as the active ingredient of the glucose tolerant 
factor (Brown, 2003); Cr deficiencies may exist, 
particularly in children suffering from protein-calorie 
malnutrition (Mertz, 1974). Its concentration in the 
samples ranged from 0.22mg/g- 0.35mg/g, with sample C 
having the highest concentration of 0.35mg/g. 

Ca is an essential mineral element, its concentration in 
the samples were improved only when the sample was 
squeezed and sundried. It ranged from 27.20mg/g – 
65.99mg/g. Ca functions as a constituent of bones and 
teeth, regulation of nerve and muscle function. In blood 
coagulation, Ca activates the conversion of prothrombin 
to thrombin and also takes part in milk clotting. It plays a 
vital role in enzyme activation. Ca activates large number 
of enzymes such as adenosine triphosphatase (ATPase), 
succinic dehydrogenase, lipase, etc (Seotan et al., 2010). 

P is located in every cell of the body and is vitally 
concerned with many metabolic processes, including 
those involving the buffers in the body fluids (Hays and 
Swenan, 1985). It functions as a constituent of bones, 
teeth, adenosine triphosphate (ATP), phosphorylated 
metabolic intermediates and nucleic acids. It serves in 

buffering action, that is, phosphate buffers, functions in 
the formation of high energy compounds, that is, ATP 
and is involved in the synthesis of phospholipids and 
phosphoproteins (Murray et al., 2000). Its concentration 
in the sample ranged from1.1mg/g – 1.8mg/g. 

Cu is an essential micro- nutrient necessary for the 
hematologic and neurologic system (Tan et al., 2006). It 
is necessary for the growth and formation of bone, 
formation of myelin sheaths in the nervous systems, 
helps in the incorporation of iron in haemoglobin, assists 
in the absorption of iron from the gastrointestinal tract 
(GIT) and in the transfer of iron from tissues to the 
plasma (Malhotra, 1998; Murray et al., 2000). 

Copper in the samples ranged from 0.23-0.35mg/g. 
Clinical disorders associated with Cu deficiencies include 
anemia, bone disorders, neonatal ataxia, depigmentation 
and abnormal growth of hair, fur or wool, impaired growth 
and reproductive performance, heart failure and 
gastrointestinal disturbances. The incidence of these 
disorders varies widely among animal species. Cu 
deficiency has also been associated with cardiac 
hypertrophy and sudden cardiac failure. 

Mn in the samples ranged from 0.20mg/g-0.23mg/g. It 
is a part of enzymes involved in urea formation, pyruvate 
metabolism and the galactotransferase of connective 
tissue biosynthesis (Chadra, 1990). Mn activates several 
important enzyme systems and in this capacity it is 
required for the synthesis of acid muco polysaccharides, 
such as chondroitin sulphate, to form the matrices of 
bones and egg shells. Consequently, skeletal deformities 
and defects in shell quality occur when the Mn intake is 
inadequate (Gordon, 1977). 

The concentration of Ni in the sample ranged from 
0.20-1.40mg/g. Ni is an essential element for humans. It 
has been speculated that Ni may play a role in the 
maintenance of membrane structure, control of prolactin, 
nucleic acid metabolism or as a cofactor in enzymes. It 
appears that most dietary intakes would provide sufficient  
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amounts of this element (Hurley, 1976). 
 
 
Conclusion 
 
The result of this analysis confirms that elements such as 
P, S, Ti, Fe, K, Ca, Zn, Cr, Ba and Cu were present in all 
the samples analyzed. These concentrations were 
improved when the sample was squeezed and sundried, 
hence the ideal sample to be consumed. The presence of 
these elements in the samples is attributed to nature of 
the soil mineral contents, botanical structure of plants and 
so on. Also, the consumption of this leaf can be said to 
be a panacea for diabetes, liver damages, safe child birth 
and treatment of cancer, especially where Cr plays an 
important role in the management of diabetes. 
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