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ABSTRACT 
 

Six varieties of green leafy vegetables, namely, Amaranthus hybridus, Corchorus olitorius, O. 
gratissimum, Talinum triangulare, Telfaria occidentalis and Vernonia amygdalina were estimated in 
their raw, steamed and boiled forms for their mineral compositions. The effect of two different 
cooking methods (steaming i.e. water blanching and boiling) on fresh leafy vegetables were also 
evaluated. The mineral contents of fresh leaves of the vegetables were determined using Energy 
Dispersive X-ray Fluorescence techniques (EDXRF). The results from EDXRF analysis of mineral 
contents of the six leafy vegetables revealed that fresh, steamed and boiled C. olitorius had the 
highest quantity of K (133.5, 131.5 and 91.2 mg/100 g) and Zn (28.9, 28.4 and 21.4 mg/100 g) 
respectively. The fresh, steamed and boiled T. occidentalis had the highest quantity of Ca (124.2, 
122.2 and 80.3 mg/100 g), Na (102.2, 100.6 and 71.1 mg/100 g) and Mg (324.5, 319.2 and 225.5 
mg/100 g) respectively, while the fresh, steamed and boiled A. hybridus had the highest quantity of 
Fe (48.6, 47.7 and 29.1 mg/100 g) respectively. The results of percentage loss of mineral 
composition revealed that almost 40 % of minerals in boiled vegetables was lost, while the amount 
lost in steamed vegetables was < 2 %. The results obtained from evaluation of sodium/potassium 
(Na/K) ratio showed that all fresh and steamed leafy vegetables have the same values but the 
boiled leafy vegetables gave different values. The results have shown that vegetables could serve 
a better source of some important minerals that can contribute qualitatively to the nutritional need 
of humans. Based on the results from the processing of vegetables, we suggest that the daily 
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nutritional needs can better be acquired by consuming the steamed processed vegetables rather 
than consuming the boiled processed vegetables, which would also probably reduce high blood 
pressure diseases. 
 

 
Keywords: Nutritional composition; heat processing; staple vegetables; EDXRF. 

 
1. INTRODUCTION 
 
The mineral composition of six raw, steamed and 
boiled staple leafy vegetables cultivated in 
South-Western Nigeria were investigated and 
compared. Furthermore, the effects of heat 
processing were also emphasized. These six 
green leafy vegetables, namely, A. hybridus, C. 
olitorius, O. gratissimum, T. triangulare, T. 
occidentalis and V. amygdalina are regularly 
consumed by Nigerians to acquire the necessary 
minerals, primarily potassium, calcium, sodium, 
iron, magnesium and zinc that are important for 
human metabolism and protection of human 
body against diseases.  

 
Leafy vegetables in general are the fresh and 
consumable portions of herbaceous plants. They 
are a great source of important minerals and 
vitamins [1]. Leafy vegetables contain important 
food ingredients which can be used as energy 
sources, body building, regulatory and protection. 
They also contain appreciable concentration of 
essential and toxic minerals, depending on the 
concentrations of those minerals in the soil in 
which the vegetable is planted [2]. Leafy 
vegetables have become regular ingredient in 
the daily diet of Nigerians in both urban and rural 
areas because they are readily available and 
affordable. Leafy vegetables can be consumed 
raw or cooked, their vitamins are mostly water-
soluble and susceptible to heat. These water-
soluble vitamins can extract out of vegetables 
when they are soaked in hot water [2].   

 
In order to improve the palatability of leafy 
vegetables, they are usually subjected to various 
methods of processing and cooking [3]. They are 
perceived to be highly susceptible to loss of 
minerals during processing [4], hence most of 
these processing methods can alter the 
composition of minerals, particularly the 
thermolabile components, thereby reducing the 
quantity of the minerals required for daily body 
metabolism [5]. Therefore, this study evaluates 
and compares the mineral contents and their 
level of retention in six fresh and processed 
commonly consumed leafy vegetable species. 
Also emphasize on the significance of 

sodium/potassium ratio of the vegetables. The 
local names, botanical names, common names 
and parts of the plant used are listed in Table 1.  
 

Table 1. Staple leafy vegetables, names and 
parts used 

 

Local 
names 

Botanical 
names 

Common 
names 

Part 
used 

Tete Amaranthus 
hybridus 

African 
spinach 

Leaves 

Ewedu Corchorus 
olitorius 

Jute 
plant 

Leaves 

Efinrin-
nla 

Ocimum 
gratissimum 

Basil Leaves 

Gbure Talinum 
triangulare 

Water 
lettuce 

Leaves 

Ugwu Telfaria 
occidentalis 

Fluted 
pumpkin 

Leaves 

Ewuro Vernonia 
amygdalina 

Bitter leaf Leaves 

 

2. MATERIALS AND METHODS 
 

2.1 Reagents 
 

All the chemicals and solvents used were of 
analytical reagent grade and used without further 
purification. Ethanol, and petroleum ether were 
purchased from BDH Chemicals, England, 
Trichloroacetic acid was obtained from E. Merck, 
Germany, Concentrated Sulphuric acid and hydro-
chloric acid were obtained from BDH Chemicals, 
England.  
 

2.2 Collection of Plant Materials 
  

Fresh leaves of the six vegetables were obtained 
from cultivated farmlands located at Okada, Edo 
State, Nigeria. The plant materials (leaves) were 
identified and authenticated at the Taxonomy 
section, Biological Sciences Department, 
Igbinedion University, Okada, Nigeria. 
 

2.3 Plant Preparation  
 

Each sample was thoroughly mixed, had their 
stalks removed, rinsed with de-ionized water and 
the residual moisture evaporated at room 
temperature before air-drying for few weeks on a 
clean paper with constant turning over to avert 
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fungal growth. Each air-dried sample was ground 
into fine powder using pestle and mortar, and 
sieved through a 2.0 mm mesh sieve to obtain a 
dried powdered sample [6]. 
 

2.4 Heat Processing  
 

Also, heat processing (steaming and boiling) was 
carried out on the fresh leaves of the samples 
following the procedure described by L´opez-
Garc´ia et al. [7] with minor modification.  
 

2.4.1 Steaming  
 

5 g each of fresh vegetable leaves were cooked 
in a clean stainless-steel by the effect of 
saturated. 
 

Steam (produced with 200 mL of boiling water at 
atmospheric pressure) for 10 minutes. An electric 
cooker, fitted with temperature control, was used. 
After that, sample was placed in a water bath at 
4ºC for 30 seconds to stop cooking. Excess 
water was further removed with desiccant paper. 
The steamed leaves were air-dried for few weeks 
on a clean paper with constant turning over to 
avert fungal growth. The air-dried sample was 
ground into fine powder using pestle and mortar, 
and sieved through a 2.0 mm mesh sieve to 
obtain a dried powdered sample and then stored 
in an air tight container for subsequent use. 
 
2.4.2 Boiling  
 

5 g each of fresh vegetable leaves were cooked 
with distilled water that was brought to boiling for 
10 minutes. After boiling, the vegetables were 
sieved and allowed to cool at room temperature. 
The air-dried sample was ground into fine 
powder using pestle and mortar, and sieved 
through a 2.0 mm mesh sieve to obtain a dried 
powdered sample and then stored in an air tight 
container for subsequent use [7]. Both fresh air-
dried, steamed air-dried and boiled air-dried 
samples were submitted for mineral analysis. 
 

2.5 Mineral analysis   
          
The Energy Dispersive X-ray Fluorescence 
(EDXRF) spectrometry at the Centre for Energy 
Research and Development (CERD), Obafemi 
Awolowo University, Ile-Ife, Nigeria was used to 
analyze the plant parts (leaves, stem bark and 
the root) using standard method of Preet et al. 
[8]. A powder pellet was prepared by mixing 2 g 
of plant powder with 0.2 g of pure wax (Hoechst 
Cridust wax) and homogenizing the mixture by 
using an agate mortar. The prepared sample was 
pressed at 20 ton for 120 sec. to obtain a 

cylindrical pellet 40 mm in diameter. The 
standard solution with known content of elements 
was deposited onto a pellet of pressed plants 
using micropipette. After drying at room 
temperature, this pellet was homogenized and 
again pelletized under the same conditions as for 
the analyzed samples. The quantitative analysis 
of samples was carried out using the XRF-FP 
Quantitative Analysis Software package which 
converts elemental peak intensities to elemental 
concentrations in weight percentage. 
 

2.6 Statistical Analysis  
 

Three analytical determinations were carried out 
on each independent replication for every 
parameter. Three independent replicates (n = 3) 
were obtained from each treatment and the 
results presented in tables and are reported as 
means ± standard deviation (SD). Data were 
analyzed by ANOVA (P < 0.05). 
 

3. RESULTS 
 

3.1 Mineral Composition of Fresh and 
Processed Leafy Vegetables  

 

The EDXRF analyses of fresh and processed 
vegetables are summarized in Table 2a-2c. From 
the experimental results, potassium content 
ranges from (133.5 to 79.6) mg/100 g and (131.5 
to 78.4) mg/100 g in C. olitorius to A. hybridus for 
both fresh and steamed leafy vegetables 
respectively, but ranges from 91.2 mg/100 g in C. 
olitorius to 54.6 mg/100 g in V. amygdalina for 
boiled leafy vegetables. Calcium content ranges 
from (124.2 – 61.5) mg/100 g and (122.2 to 60.5) 
mg/100 g in T. occidentalis to O. gratissimum for 
both fresh and steamed leafy vegetables 
respectively, but ranges from 80.3 mg/100 g in C. 
olitorius to 37.8 mg/100 g in O. gratissimum for 
boiled leafy vegetables. Sodium content ranges 
from (102.2 to 78.4) mg/100 g, (100.6 to 77.3) 
mg/100 g and (71.1 to 55.1) mg/100 g in T. 
occidentalis to O. gratissimum for fresh, steamed 
and boiled leafy vegetables respectively. Iron 
content ranges from (48.6 to 22.8) mg/100 g, 
(47.7 to 22.4) mg/100 g and (29.1 to 13.9) 
mg/100 g in A. hybridus to T. triangulare for 
fresh, steamed and boiled leafy vegetables 
respectively. Magnesium content ranges from 
(324.5 to 85.3) mg/100 g, (319.2 to 83.8) mg/100 
g and (225.5 to 61.5) mg/100 g in T. occidentalis 
to T. triangulare for fresh, steamed and                      
boiled leafy vegetables respectively. Zinc     
content ranges from (28.9 to 16.4) mg/100 g, 
(28.4 to 16.1) mg/100 g and (21.4 to 11.4) 
mg/100 g in C. olitorius to V. amygdalina for 
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fresh, steamed and boiled leafy vegetables 
respectively.  
 

3.2 Percentage Loss of Mineral 
Composition of Fresh and Processed 
Leafy Vegetables  

 

The evaluated percentage loss of mineral 
composition of fresh and processed vegetables 
is presented in Table 3a and 3b. The percentage 
loss of potassium ranges from (1.68 to 1.46 %) in 
O. gratissimum to T. occidentalis for steamed 
leafy vegetables and (38.4 to 30.2 %) in T. 
occidentalis to A. hybridus for boiled leafy 
vegetables. The percentage loss of                     
calcium ranges from (1.62 to 1.31 %) in T. 
triangulare to A. hybridus for steamed leafy 
vegetables and (38.5 to 31.6 %) in O. 
gratissimum to V. amygdalina for boiled                    
leafy vegetables. The percentage loss of                 
sodium ranges from (1.70 to 1.42 %) in T. 
triangulare to C. olitorius for steamed leafy                           
vegetables and (30.1 to 27.8 %) in T. 
occidentalis to C. olitorius for boiled leafy 
vegetables. The percentage loss of iron ranges 
from (1.96 to 1.67 %) in A. hybridus to T. 
occidentalis for steamed leafy vegetables and 

(40.4 to 38.9 %) in V. amygdalina to T. 
occidentalis for boiled leafy vegetables. The 
percentage loss of magnesium ranges                       
from (1.82 to 1.62 %) in A. hybridus to T. 
occidentalis for steamed leafy vegetables and 
(30.5 to 26.5 %) in T. occidentalis to A.          
hybridus for boiled leafy vegetables. Percentage 
loss of zinc ranges from (1.81 to 64 %) in C. 
olitorius to V. amygdalina for steamed leafy 
vegetables and (32.1 to 25.8 %) in V.     
amygdalina to C. olitorius for boiled leafy 
vegetables.  

 
3.3 Determination of Sodium/Potassium 

(Na/K) Ratio of Fresh, Steamed and 
Boiled Leafy Vegetables  

 
Results of the Na/K ratio for six                                
different fresh, steamed and boiled leafy 
vegetables are presented in Table 4. All                          
the six fresh and steamed vegetables have 
similar sodium/potassium (Na/K) ratio, while                           
the sodium/potassium (Na/K) ratio in boiled 
vegetables ranges from 0.53 in Corchorus 
olitorius to 0.84 in Telfaria occidentalis.

 
Table 2a. Mineral composition of fresh leafy vegetables in mg/100g 

  

Vegetable Mineral in mg/100g 

K Ca Na Fe Mg Zn 

Amaranthus 
hybridus 

79.6 ± 0.2 72.6 ± 0.2 82.4 ± 0.2 48.6 ± 0.2 148.2 ± 0.1 16.4 ± 0.2 

Corchorus 
olitorius 

133.5 ± 
0.2 

118.2 ± 
0.1 

92.1 ± 0.1 40.3 ± 0.1 126.8 ± 0.2 28.9 ± 0.2 

Ocimum 
gratissimum 

122.1 ± 
0.2 

61.5 ± 0.1 78.4 ± 0.1 34.3 ± 0.1 104.8 ± 0.1 19.3 ± 0.2 

Talinum 
triangulare 

84.5 ± 0.1 63.7 ± 0.1 80.2 ± 0.1 22.8 ± 0.2 85.3 ± 0.1 20.2 ± 0.2 

Telfaria 
occidentalis 

125.2 ± 
0.1 

124.2 ± 
0.2 

102.2 ± 0.2 42.6 ± 0.1 324.5 ± 0.1 23.3 ± 0.2 

Vernonia 
amygdalina 

85.6 ± 0.1 104.8 ± 
0.1 

93.1 ± 0.2 38.9 ± 0.2 126.4 ± 0.1 16.8 ± 0.2 

Results are mean of triplicate determinations on a dry weight basis ± standard deviation 
 

Table 2b. Mineral composition of steamed leafy vegetables in mg/100g 

 

Vegetable Mineral in mg/100g 

K Ca Na Fe Mg Zn 

Amaranthus 
hybridus 

78.4 ± 0.1 71.7 ± 0.1 81.2 ± 0.1 47.7 ± 0.1 145.5 ± 0.1 16.1 ± 0.1 

Corchorus 
olitorius 

131.5 ± 0.2 116.4 ± 0.1 90.8 ± 0.2 39.6 ± 0.1 124.6 ± 0.1 28.4 ± 0.2 

Ocimum 
gratissimum 

120.1 ± 0.1 60.5 ± 0.1 77.3 ± 0.1 33.7 ± 0.1 103.1 ± 0.1 19.0 ± 0.1 

Talinum 83.2 ± 0.1 62.7 ± 0.1 78.8 ± 0.1 22.4 ± 0.1 83.8 ± 0.1 19.9 ± 0.2 
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Vegetable Mineral in mg/100g 

K Ca Na Fe Mg Zn 

triangulare 
Telfaria 
occidentalis 

123.4 ± 0.2 122.2 ± 0.2 100.6 ± 
0.2 

41.9 ± 0.1 319.2 ± 0.2 22.9 ± 0.2 

Vernonia 
amygdalina 

84.2 ± 0.1 103.2 ± 0.2 91.6 ± 0.2 38.2 ± 0.2 124.3 ± 0.1 16.5 ± 0.2 

Results are mean of triplicate determinations on a dry weight basis ± standard deviation 
 

Table 2c. Mineral composition of boiled leafy vegetables in mg/100g 
 

Vegetable Mineral in mg/100g 

K Ca Na Fe Mg Zn 

Amaranthus 
hybridus 

55.6 ± 0.2 48.1 ± 0.1 58.6 ± 0.2 29.1 ± 0.1 108.9 ± 0.2 11.9 ± 0.2 

Corchorus 
olitorius 

91.2 ± 0.1 80.3 ± 0.1 66.5 ± 0.1 24.3 ± 0.1 90.8 ± 0.2 21.4 ± 0.1 

Ocimum 
gratissimum 

80.2 ± 0.1 37.8 ± 0.2 55.1 ± 0.1 20.7 ± 0.2 73.1 ± 0.1 13.8 ± 0.2 

Talinum 
triangulare 

58.5 ± 0.1 39.9 ± 0.2 56.8 ± 0.2 13.9 ± 0.2 61.5 ± 0.1 13.8 ± 0.2 

Telfaria 
occidentalis 

77.1 ± 0.1 79.4 ± 0.1 71.1 ± 0.1 26.0 ± 0.1 225.5 ± 0.1 15.9 ± 0.2 

Vernonia 
amygdalina 

54.6 ± 0.2 71.7 ± 0.2 66.3 ± 0.1 23.2 ± 0.1 88.7 ± 0.2 11.4 ± 0.1 

Results are mean of triplicate determinations on a dry weight basis ± standard deviation 

. 
Table 3a. Percentage loss of mineral composition of steamed leafy vegetables 

 

Vegetable % Loss of Minerals 

K Ca Na Fe Mg Zn 

Amaranthus hybridus 1.52 1.31 1.48 1.96 1.82 1.75 
Corchorus olitorius 1.49 1.52 1.42 1.82 1.72 1.81 
Ocimum gratissimum 1.68 1.56 1.46 1.85 1.67 1.78 
Talinum triangulare 1.54 1.62 1.70 1.88 1.78 1.70 
Telfaria occidentalis 1.46 1.58 1.61 1.67 1.62 1.71 
Vernonia amygdalina 1.61 1.52 1.60 1.70 1.68 1.64 

 
Table 3b. Percentage loss of mineral composition of boiled leafy vegetables 

 

Vegetable % Loss of Minerals 

K Ca Na Fe Mg Zn 

Amaranthus hybridus 30.2 33.7 28.9 40.1 26.5 27.4 
Corchorus olitorius 31.7 32.1 27.8 39.6 28.4 25.8 
Ocimum gratissimum 34.3 38.5 29.7 39.4 30.3 28.7 
Talinum triangulare 30.8 37.3 29.2 39.2 27.9 31.6 
Telfaria occidentalis 38.4 36.1 30.1 38.9 30.5 31.8 
Vernonia amygdalina 36.2 31.6 28.8 40.4 29.8 32.1 

 
Table 4. Sodium/Potassium (Na/K) ratio of fresh, steamed and boiled leafy vegetables 

 
Vegetable Sodium/Potassium (Na/K) ratio 

Fresh Steamed Boiled 

Amaranthus hybridus 0.62 0.62 0.63 
Corchorus olitorius 0.50 0.50 0.53 
Ocimum gratissimum 0.50 0.50 0.54 
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Vegetable Sodium/Potassium (Na/K) ratio 

Fresh Steamed Boiled 

Talinum triangulare 0.57 0.57 0.58 
Telfaria occidentalis 0.74 0.74 0.84 
Vernonia amygdalina 0.70 0.70 0.78 

 
4. DISCUSSION 
 
The mineral compositions of fresh and processed 
leafy vegetables were examined in the present 
research. The results have shown that the 
vegetables contain appreciable levels of 
essential minerals with fresh vegetables having 
higher concentrations, followed by the steamed 
vegetables and the least being the boiled 
vegetables. The difference observed in the 
concentrations the fresh leafy vegetables could 
be as a result of natural soil profiles, impacts of 
human activities and varied climatic factors [9], 
while the difference in the concentrations of the 
steamed and boiled leafy vegetables could be 
accredited to differences in analytical protocols, 
processing time and conditions.  

 
Generally, green leafy vegetables are very rich in 
minerals that are essential for their physiological 
and biochemical growth [10-11]. The result for 
this study indicated that the fresh, steamed and 
boiled T. occidentalis had the highest quantity of 
calcium, sodium and magnesium, which is an 
indication that T. occidentalis can be consumed 
on regular basis, as calcium is a crucial nutrient 
that plays a vital role in neuromuscular function, 
blood clotting, gives rigidity to the skeleton by 
virtue of its phosphate salt and helps to maintain 
metabolism of the human body. The FAO/WHO 
has reported that the daily intake of calcium 
varies from 300 mg to 1200 mg depending on the 
age and physical health of the individual [8]. 
Sodium also plays a vital role in normal nerve, 
muscle function, controlling blood volume, 
maintaining fluid and sodium balance in older 
people [12]. Magnesium is also essential in 
stabilizing nucleic acids as a result of its 
interaction with phosphate. It was also reported 
that magnesium ions are required in our body by 
over 300 enzymes for their catalytic action [13]. 
C. olitorius had the highest quantity of potassium 
and zinc, indicating that the existence of 
potassium in C. olitorius can help in maintaining 
fluid and electrolyte balance in the bodies of 
humans and animals [14-15], as well as, the 
functioning of all living cells present in all plant 
and animal tissues [16]. The presence of zinc in 
C. olitorius in substantial amount will play a vital 
role in the storage and secretion of insulin, which  

subsequently increases the uptake of glucose 
[17-18]. A. hybridus had the highest quantity of 
iron, indicating that appreciable amount of iron 
can be derived from the vegetable if consumed. 
Reports have revealed that iron is a carrier of 
oxygen from the lungs to the tissues by red blood 
cells hemoglobin. It is also essential for the 
development of healthy brain and immune 
system [19-20].   

 
The effect of heat processing on the mineral 
contents of the vegetables was also investigated 
and the results have shown that boiling had the 
most adverse effect on the mineral                            
contents of the vegetables, accounting for almost 
40 % loss while steaming accounted for almost 2 
% loss. This agrees with the results of Onyeike 
et. al. [21]. We therefore suggest that                      
steamed vegetables rather than boiled 
vegetables should be regularly consumed, in 
other to acquire the recommended daily intake of 
the aforementioned minerals. The of 
sodium/potassium (Na/K) ratio of the fresh, 
steamed and boiled leafy vegetables was 
determined.  

 
The sodium/potassium (Na/K) ratio (<1) is known 
to reduce the risk of cardiovascular health 
issues, helps in maintaining resting potential, 
affects transport and regulate cellular volume 
[22]. Therefore, the consumption of the selected 
leafy vegetables could be beneficial for 
populations in reducing the risk of cardiovascular 
events, due to the critical values (<1) of their 
sodium/potassium (Na/K) ratios, which indicates 
that they contain lower values of sodium and 
higher values of potassium.   

 
5. CONCLUSION 
 
The findings from this study have shown that the 
investigated green leafy vegetables are very rich 
in minerals that are essential for their 
physiological and biochemical growth. The 
results showed that among all the investigated 
vegetables, T. occidentalis had the highest 
quantity of calcium which plays a crucial role in 
neuromuscular function, blood clotting, gives 
rigidity to the skeleton by virtue of its phosphate 
salt and helps to maintain metabolism of the 
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human body. Also, the results obtained from the 
effect of heat processing on the mineral                   
contents of the vegetables have shown that 
boiling had the most adverse effect on the 
mineral contents of the vegetables,                   
accounting for almost 40 % loss while steaming 
accounted for almost 2 % loss. 

 
Moreover, the sodium/potassium (Na/K) ratios of 
all the investigated vegetables have                              
met the critical value of <1 indicating                                  
that they are all capable of reducing the risk of 
cardiovascular health issues.. 
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