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ABSTRACT 
 
Aims: To evaluate the contributions of Nigerian leafy vegetables to nutrition and health. 
Methodology: Eight leafy vegetables were comparatively analyzed for proximate, mineral and 
antinutrient compositions. 
Results: The proximate composition showed that the vegetables are good sources of protein, 
energy and fiber. Brassica oleracea has the highest protein content while Brassica oleracea and 
Trianthema portulacastrum are the richest in fiber. The result showed that the vegetables are good 
sources of iron, manganese, magnesium, potassium and calcium. Trianthema portulacastrum has 
the highest levels of minerals. The Recommended Dietary Allowance for manganese, magnesium 
and calcium can be met by a 100 g per day servings of the vegetables; while up to 60% of the 
Recommended Dietary Allowance for iron and potassium can be met by a 100 g per day servings 
of the vegetables. The vegetables were poor sources of zinc. The level of sodium in the vegetables 
was very low. The antinutrients in the investigated vegetables were much lower than safe limits and 
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levels reported for other plant sourced foods including nuts, roots, beans and berries. 
Conclusion: The investigated vegetables are good sources of essential nutrients and are low in 
antinutrients.  
 

 
Keywords: Leafy vegetables; proximate analysis; minerals; antinutrients; Nigeria. 
 
1. INTRODUCTION 
 

Green leafy vegetables are widely succulent 
plants parts grown in gardens and consumed as 
a side dish or soup with starchy staples among 
the tribes in Nigeria [1]. The importance of 
dietary components of leafy vegetables is 
significant in African population since they are 
comparatively rich in fiber, which cereals; root 
vegetables and other foodstuff are relatively poor 
sources [2]. In Nigeria, just as in most other 
African countries where diet is dominated by 
starchy staple foods, vegetables are considered 
the cheap source of energy. They are very rich 
sources of nutrients such as carotene, protein, 
vitamins, calcium, iron, ascorbic acid and 
tangible concentration of trace minerals [3,4].  
 
Vast species of vegetables abound in the world 
and they are characterized with addition of flavor, 
taste and color to diet which would have 
otherwise been monotonous. The invaluable food 
nutrients contained in vegetables can be used for 
body building, protective and regulatory material 
as well as sources of energy for the body. The 
numerous minerals represented in vegetables 
provide alkalizing effects by neutralizing the 
acidity produced by other foods during the 
digestion process [5]. Vegetables also contain 
plants secondary metabolites which act as 
antinutrients [6]. These secondary metabolites 
include: tannins, phytate, oxalate and cyanide; all 
of which have different detriments to nutrition and 
health [7]. A good leafy vegetable is the one that 
contains a great deal of these beneficial nutrients 
and a very minute amount of antinutrients. The 
concentrations of the nutrients and antinutrients 
vary from one leafy vegetable species to another, 
hence a need for comparative investigation of the 
level of these nutrients and antinutrients in leafy 
vegetables. This study thus compares the 
proximate, mineral and antinutrient composition 
of some leafy vegetables consumed in Nigeria.  
 

2. MATERIALS AND METHODS 
 
2.1 Plant Materials 
 
Sample of fresh vegetables leaves were 
collected from two roadside farmlands in Ado-

Ekiti and Isaba-Ekiti, Ekiti State, Nigeria. 
Authentication of the plants was carried out at 
the Department of Plant Science and Forestry, 
Ekiti State University, Nigeria. The leaves were 
detached from the stalk, rinsed with distilled 
water and were oven-dried at 40

0
C. The dried 

samples were ground into fine powder and 
sieved through 2.0 mm mesh prior to analysis. 
 

Table 1. Selected leafy vegetables identified 
in Ekiti State 

 

Scientific name  Common  
name  

Traditional 
name 
(Yoruba) 

Brassica oleracea Cabbage  ----- 
Solanum 
macrocarpon 

African 
Eggplant 

Igbagba 

Ocimum 
grattisimum 

Scent leaf  Efinrin 

Amaranthus 
cruentus 

Amaranth Arowojeja 

Amaranthus viridis Amaranth Tete 
Adayeba 

Cnidoscolus 
aconitifolius 

Tree Spinach Iyana-ipaja 

Solanum nigrum Black 
nightshade 

Odu 

Trianthema 
portulacastrum 

Giant 
pigweed 

Esisan 

 

2.2 Proximate Analysis 
 

Moisture, ash, crude fat and crude fiber were 
analyzed in the fresh samples in accordance with 
the methods described by Association of Official 
Analytical Chemist [8], while nitrogen was 
determined by the micro-Kjeldahl method [9] and 
the percentage of nitrogen was converted to 
crude protein by multiplying by 6.25. 
Carbohydrate was determined by difference  
[10].  
 

2.3 Mineral Analysis 
 

Wet ashing method was used in releasing the 
investigated metals in the samples from 
biological complexes before evaluating them with 
atomic absorption spectrophotometer 
(PinAAcle™ 900H) and flame photometer 
(Gulfex FP6410). The wet ashing was achieved 
by heating the sample with a digestion mixture 
containing concentrated nitric, perchloric and 
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sulphuric acids in a Kjeldahl flask [8].  Calcium, 
Iron, Manganese, Magnesium, Zinc were 
determined by atomic absorption 
spectrophotometer; Sodium and Potassium by 
Flame photometry while Phosphorus was 
determined by Molybdate method using 
hydroquinone as a reducing agent [8].  
 

2.4 Analysis of Anti-nutrients 
 
Total oxalate was determined according to the 
procedure of Day and Underwood [11] while 
Phytate was determined by the anion exchange 
method as described by Harland and Oberlas 
[12] using KH2PO4 as standard. Hydrocyanic acid 
content was determined using the alkaline 
titration method of AOAC [8]. 
 

3. RESULTS AND DISCUSSION 
 
The results of the proximate analysis of the leafy 
vegetables are represented in Table 2. 
Generally, the results indicate that the 
vegetables are good sources of protein, 
carbohydrates and crude fiber. Protein content 
was much higher in Brassica oleracea (24.3%) 
compared to other five vegetables. The high 
protein content of Brassica oleracea is in accord 
with the reports of Shittu et al. [13] and Shittu 
and Ogunmoyela [14]. Brassica oleracea meets 
the requirement of providing more than 12% of 
its calorific value from protein and can thus be 
considered a good source of protein according to 
Pearson [9]. The high protein content of Brassica 
oleracea however does not present it as a good 
source of protein as the quality of a protein is 
dependent on its ability to supply all the essential 
amino acids in the required amount [15]. Hence, 
protein quality assessment is necessary to 
ascertain the ability of Brassica oleracea to meet 
dietary protein need.  
 

Dietary fiber was well represented in the 
vegetables; with Brassica oleracea and 
Trianthema portulacastrum having values much 
higher than others. Dietary fiber is the 
indigestible portion of food which acts by 
changing the nature of the contents of the 
gastrointestinal tract, thus affecting how other 
nutrients and chemicals are absorbed [16]. 
Dietary fiber is known to provide bulking, thereby 
easing defecation [17]. It also hinders the 
absorption of cholesterol in the gastrointestinal 
tract thus helping in the therapy of 
hypercholesterolemia [18]. Dietary fiber is 
associated with reduced diabetes risk, although 
the mechanism by which this occurs is not fully 

understood [19]. Current recommendations from 
the United States National Academy of Sciences, 
Institute of Medicine, suggest that adults should 
consume 20–35 grams of dietary fiber per day 
[20]. This has been difficult to meet as average 
daily intake of dietary fiber is only 12–18 grams 
[21]. However, with very high fiber contents as 
presented in Table 2, Brassica oleracea; 
Solanum macrocarpon and Trianthema 
portulacastrum will meet the requirement at 
servings slightly higher than 100grams daily. 
Ocimum grattisimum also presented high fiber 
content and can also be regarded as a good 
source of fiber. The ash represents the mineral 
content of the leaves. Significantly high content 
of ash in Brassica oleracea; Solanum 
macrocarpon and Trianthema portulacastrum 
therefore shows high levels of minerals in the 
vegetables. 
 
The mineral compositions of the investigated 
vegetables (Table 3) reveal that the vegetables 
contain different levels of essential minerals. 
Trianthema portulacastrum has higher levels of 
all the minerals than other vegetables 
investigated. This is consistent with its high ash 
content presented in Table 2. Hussain and co 
workers [22] also reported that Trianthema 
portulacastrum has the highest mineral content 
of all the vegetables consumed in Kohat region 
of Pakistan. With iron content higher than 110 
ppm as shown in Table 3, Trianthema 
portulacastrum and Solanum macrocarpon at 
servings of 100 g per day will supply 60% of 
USDA Recommended Dietary Allowance of 18 
mg/d for iron [23]. Other vegetables rich in iron 
include: Solanum nigrum, Amaranthus cruentus 
and Solanum nigrum, all of which will supply 40% 
of USDA Recommended Dietary Allowance 
(RDA) for iron [23] at servings of 100 g per day. 
Although phosphorus is well represented in the 
vegetables, especially Trianthema 
portulacastrum and Solanum macrocarpon; its 
ubiquity in protein rich foods makes its deficiency 
unlikely in protein sufficient diet [24,25]. The 
concentration of sodium in the vegetables is so 
small that even a serving of up to 2 kg per day of 
Trianthema portulacastrum, which has the most 
sodium concentration, will still contribute less 
than the upper limit standard of sodium. The 
upper limit standard of sodium is 2.3 grams per 
day [26]. Intake exceeding this level has been 
associated with hypertension [27]. With zinc 
concentrations ranging from 2.20ppm to 6.68 
ppm, the investigated leafy vegetables at 
servings of 100 g thrice daily cannot meet the 
zinc recommended dietary allowance of 8 
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mg/day for women and 11 mg/day for men [28]. 
Hence the vegetables cannot be regarded as 
good sources of zinc. Manganese is well 
represented in the vegetables in concentrations 
much lower than the estimated tolerable upper 
limit of 11 mg per day [26] at 100 g per day 
serving. Trianthema portulacastrum and 
Solanum macrocarpon at servings of 100 g per 
day will supply the dietary reference intake of 2.3 
mg per day [26].  
 
The macroelements: potassium, magnesium and 
calcium are also well represented in the 
vegetables. Although the Dietary Reference 
Intake (DRI) of 4,700 mg of potassium [29] 
cannot be met by any of the vegetables at 100g 
per day serving, the vegetables are nevertheless 
good sources of potassium as supplementation 
with other food components will make up for the 
potassium need. Epidemiological studies indicate 
that diets high in potassium can reduce the risk 
of hypertension and possibly stroke by a 
mechanism independent of blood pressure [30, 
31]. Green leafy vegetables are rich sources of 
magnesium because of the presence of 
chlorophyll in them. The investigated vegetables 
thus present magnesium concentrations that 
meet the recommended daily values for 
magnesium of 300 mg [32] at a serving of 100g 
per day. The essentiality of magnesium is owing 
to its interaction with phosphate in stabilizing 
nucleic acids. Also, more than 300 enzymes 
require magnesium ions for their catalytic 
activities [33]. The vegetables, as presented in 
Table 3, are also rich in calcium. 100g per day 
serving with any of the vegetables will meet the 
calcium recommended adequate intake of 1200 
mg/day [34]. 
 
Table 4 shows the antinutrient composition of the 
investigated vegetables. The use of many plants 
for food is often limited by the composition of 
antinutrients in them, as the antinutrients pose 

dangerous effects in both man and animals [35]. 
Phytate, a saturated cyclic acid, is the principal 
storage form of phosphorus in many plant 
tissues, especially bran and seeds. Phytate is 
present in the investigated vegetables at different 
concentrations. The antinutrient potential of 
phytate is owing to its strong binding affinity for 
essential minerals like zinc, iron and calcium. 
Binding to these minerals leads to the formation 
of insoluble precipitates that are far less 
absorbable in the intestines; thereby reducing 
their bioavailability [36,37]. Phytate also chelates 
the vitamin niacin, the deficiency of which is 
known as pellagra [38]. The safe limit of phytate 
in food thus depends on the availability of these 
nutrients the food. The levels of phytate in all the 
investigated vegetables are however much lower 
than the reports for cereals, beans and nuts 
[39,40,41,42]. Oxalate is a dianion that is 
synthesized in plants by the incomplete oxidation 
of carbohydrates. The toxicity of oxalate is due to 
the fact it combines with divalent metallic cations 
such as calcium (Ca

2+
) and iron (II) (Fe

2+
) to form 

crystals of the corresponding oxalates which are 
then excreted in urine as minute crystals. These 
oxalates crystals can form larger kidney stones 
that can obstruct the kidney tubules; leading to 
kidney disease [43]. Spinach and amaranth are 
leafy vegetables that have been reported to 
contain relatively high levels of oxalate [44]. The 
toxicity of oxalate is usually evident in individuals 
with kidney disorders, gout, rheumatoid arthritis 
and vulvodynia [45]. The observed levels of 
oxalate in the investigated vegetables are much 
lower than the reports for rhubarb, buckwheat 
[46], Beetroot greens, Purslane leaves, Rhubarb, 
Spinach, Beet, Chard and Cocoa oxalate [44]. 
Tannins are astringent plant polyphenolic 
compounds that bind to and precipitate proteins 
thereby reducing the bioavailability of dietary 
proteins [47]. The safe limit of tannins in food 
thus depends on the availability of protein the 
food. The level of tannins observed in the 

  

Table 2. Proximate composition of Nigerian leafy vegetables 
 

Leafy vegetable Protein 
(%)      

Fat (%) Ash (%) Crude 
fiber (%) 

Carbohydrate 
(%) 

Moisture 
content (%) 

Brassica oleracea 24.32         0.89 8.26 18.35 37.16 11.02 
Solanum macrocarpon   8.44 0.96 12.36 17.69 52.59 7.69 
Ocimum grattisimum 13.38 1.85 5.68 14.33 55.42 9.35 
Amaranthus cruentus 11.32 15.88 2.15 8.25 43.55 18.85 
Amaranthus viridis 8.56 10.50 0.89 4.69 55.51 19.68 
Solanum nigrum 15.06 6.38 1.23 9.56 51.04       16.73 
Cnidoscolus aconitrifolius 9.33 8.31 3.02 6.98 57.41                   14.95 
Trianthema portulacastrum 14.75 0.87 14.23 19.45 41.34 9.36 
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Table 3. Mineral composition of Nigerian leafy vegetables 
 
Leafy vegetables
  

Na 
(ppm) 

K 
(%) 

Ca 
(%) 

Mn 
(ppm) 

Mg 
(%) 

Fe 
(ppm) 

Zn 
(ppm) 

P(ppm) 

Brassica oleracea 0.26 1.20 2.38 17.59 0.93 75.91 3.88 60.39 

Solanum macrocarpon 0.39 1.78 3.41 26.33 1.39 112.85 5.80 90.23 

Ocimum grattisimum 0.18 0.83 1.74 12.10 0.65 51.58 2.67 41.46 

Amaranthus cruentus 0.26 1.19 2.38 17.57 0.93 75.23 3.84 60.23 

Amaranthus viridis 0.15 0.69 1.49 9.99 0.54 42.82 2.20 34.24 

Solanum nigrum 0.30 1.38 2.71 20.36 1.08 87.28 4.49 69.95 

Cnidoscolus aconitrifolius 0.22 1.01 2.06 14.87 0.79 63.73 3.28 50.95 

Trianthema 
portulacastrum 

0.45 2.05 3.87 30.31 1.60 129.92 6.68 103.88 

 
Table 4. Anti-nutrient composition of Nigerian leafy vegetables 

 
Leafy vegetables Tannins 

(mg/100 g) 
Phytate 
(mg/100 g) 

Oxalate 
(mg/100 g) 

Cyanide 
(mg/100 g)         

Brassica oleracea 6.88 2.55 5.08 0.04 

Solanumm acrocarpon 3.30 1.81 4.61 0.05 
Ocimum grattisimum 4.73 1.75 3.50 0.03 
Amaranthus cruentus   6.88 2.54 5.08 0.04 
Amaranthus viridis 3.91 1.45 2.89 0.02 
Solanum nigrum 7.97 2.95 5.88 0.05 
Cnidoscolus aconitrifolius    5.82 2.15 4.30 0.03 
Trianthema Portulacastrum 1.86 2.39 3.76 0.04 

 
investigated vegetables is however lower than 
those reported for nuts, berries [48,49] and 
legumes [50]. The cyanide levels in the 
vegetables were found to be much lower (0.02 - 
0.07 mg/100 g) than the levels that results in 
acute and chronic toxicity [51]. 
 

4. CONCLUSION 
 
The investigated vegetables are rich in protein, 
fiber and essential minerals. Trianthema 
portulacastrum presented the most nutritious 
profile in terms of the nutrients investigated. 
Solanum macrocarpon and Brassica oleracea 
also presents higher nutrient profiles than other 
investigated vegetables. The antinutrients in the 
leafy vegetables are much lower than the safe 
limits and the reports for other plant sourced 
foods, including nuts, roots, beans and berries. A 
serving of 100 g per day of the investigated 
vegetables, complemented by other nutrient 
sources, will provide the RDA of the essential 
minerals investigated. While a serving of up to 2 
kg per day of the vegetables does not contribute 
antinutrients higher than the safe limits.  
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