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ABSTRACT

The growing concern over the safety of vegetables consumed in some areas of Lagos due to
increased discharge of pollutants that cannot be overlooked was the basis for this research. Thus,
this study aimed at assessing the proximate compositions and heavy metals’ profiles of Talinum
triangulare, Corchorus olitorius and Solanum macrocarpon harvested from some farmlands,
roadsides and markets in Badagry division of Lagos State. Leaves of Talinum triangulare,
Corchorus olitorius and Solanum macrocarpon were obtained from farmlands, roadsides and
markets in different local government areas in Badagry division of Lagos State. Proximate and
heavy metals’ analyses were done using standard analytical procedures. Proximate analyses of
the three vegetables showed that the vegetables contained moisture, carbohydrate, lipid, crude
fibre, fat, and ash at very appreciable quantities. Also, the results of the heavy metals’ analyses
revealed the range of Pb(0.01-0.03 mg/kg), Cd(0.01-0.07mg/kg), Fe(1.83-3.78 mg/kg), Cu(0.05-
0.23 mg/kg), Mn(0.01-1.06 mg/kg), Zn(0.08-1.01 mg/kg) for farmlands; Pb(0.01-1.06 mg/kg),
Cd(0.01-0.07 mg/kg), Fe(1.00-3.30 mg/kg), Cu(0.01-1.03 mg/kg), Mn(0.01-1.06 mg/kg), Zn(0.86-
1.08 mg/kg) for roadsides and P(0.01-0.02mg/kg); Cd(0.01-0.04 mg/kg), Fe(1.78-3.02 mg/kg),
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consumption of these vegetables.

Cu(0.01-0.08 mg/kg), Mn(0.02-0.12 mg/kg), Zn (0.01-2.01 mg/kg) for markets among the three
vegetables in three the local government areas of Badagry division. However, chromium was not
detected in the vegetables for all the locations. These metals were below or within WHO
permissible limits except for lead and cadmium which were higher in some vegetables from Ojo
roadsides and farmlands; lead in Amuwo-Odofin roadsides and Badagry farmlands respectively. It
could be inferred from this study that vegetables across the three locations are rich sources of
nutrients irrespective of specific points of collections. However, vegetables from roadsides had the
highest overall heavy metal concentrations compared to those from farmland and markets and this
could be linked to pollution by vehicular emission among others in the study areas. Thus, regular
monitoring of the vegetables should be encouraged to checkmate possible health hazards from

Keywords: Heavy metals; proximate composition; Talinum triangulare; Corchorus olitorius; Solanum
macrocarpon; farmlands; roadsides and markets.

1. INTRODUCTION

Life expectancy in Nigeria is higher among rural
dwellers than those in urban areas. The reason
for this is the dependability of rural dwellers on
nature while most of the people in cities feed
mostly on synthesized products rather than
natural produce [1]. Macronutrients such as
carbohydrates, lipids, fats and proteins are
important parts of the human diet and are
necessary for nourishment [2]. Most of the plant
parts like leaves, stem, fruit, seeds and roots are
made of these macronutrients, especially
proteins [3]. Selection of plants for nutritive value,
systematic classification and nutrient
improvement programs depend upon quality and
quantity of protein in seeds [4]. Moisture, ash and
fibers have also been reported as important for
human well-being [5]. Leafy vegetables that are
rich in nutrients are bountifully grown in different
regions of world, especially in Nigeria to meet up
with dietary and medicinal requirement [6]. Green
leafy vegetables make up the critical components
of human diet in West Africa [7,8]. Vegetables
are regarded as essential source of vitamins,
minerals, and fiber which are crucial for human
nutrition and wellbeing [9]. Balkair and Ashraf
[10] predicted that the popularity of leafy
vegetable among farmers in urban areas will
continue to increase as a result of the ready
market provided by the teaming population.

Nevertheless, there is a concern over vegetable
consumption in the urban areas due to possible
contamination believed to be caused by the
usage of contaminated urban streams for
irrigation. Previous findings have shown that
urban effluent contains high concentration of
heavy metals, which readily build-up in
vegetables hence posing a health risk to
consumers [11]. Industrial processes such as
municipal sewage and solid waste disposal,
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vehicular traffic, pesticide use, and inappropriate
use of fertilizers contribute to increased
concentration of heavy metals in the environment
[12]. Heavy metals affect contaminated foods
adversely, which in turn affect human wellbeing

and can drain a significant part of the
fundamental supplements in the body [13].
The consequence of vehicular pollution

materializes on the physiological facet of plants
[14,15]. Absorption of heavy metals modifies the
pH of soil which in turn affects anatomical,
physiological and reproductive features of plants
[16,17]. The reproductive parts of plants are
negatively affected by automobile’s emission
[18]. Growth of seedlings and germination of
roadside vegetation are strongly affected by
heavy metal pollution [19] Wu et al. [20] reported
that excessive lead toxicity reduces germination
rate of seeds. During production, transportation
and marketing, heavy metals from industries and
vehicles could be deposited on vegetables. It
was reported by Al-Jassir et al. [21] that high
levels of heavy metals in vegetables sold in the
markets at Riyadh city in Saudi Arabia is as a
result of atmospheric deposition. Later, Sharma
et al. [22,23] also reported that atmospheric
deposition significantly shoot-up the levels of
heavy metals contamination in vegetables sold in
the markets of Varanasi, India. Continuous
consumption of unsafe concentrations of heavy
metals via foodstuffs could lead to the chronic
accumulation of heavy metals in the kidney and

liver of humans which disrupt numerous
biochemical processes and lead to
cardiovascular, nervous, kidney and bone

diseases [24,25].

However, it is a common practice in Lagos
among farmers to cultivate vegetables along
roadsides because of limited arable farmland,
high population and easy accessibility to the
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consumers. Thus, this study aimed at evaluating
the proximate composition and heavy metal
contents of Talinum triangulare, Corchorus
olitorius and Solanum macrocarpon collected

from farmlands, roadsides and markets in
Badagry division of Lagos State, Nigeria.

2. MATERIALS AND METHODS

2.1 Sample Collection

Samples of Talinum triangulare, Corchorus
olitorius and Solanum macrocarpon were
handpicked from three different  Local

Government areas in Badagry Division, Lagos
State, Nigeria. Specific points of collection are
roadside, farmland and marketplace in Ojo L.GA,;
roadside, farmland and market place in Amuwo-
Odofin L.G.A. and roadside, farmland and market
place in Badagry L.G.A (Fig. 1). They were
collected and placed in polythene bags which
were labeled according to the plant type, and
location. They were taken to the laboratory for
preparation and analysis.

2.2 Sample Preparation for Heavy Metal
Analysis

The collected samples were separated and
cleaned first with tap water followed by distilled
water to eliminate suspended particles. Samples
were cut into smaller pieces with a knife and the
samples were put in different crucibles and ash
in a furnace at 650°C for two hours. A quantity of
the ash (0.4 g) from each plant sample was

2°42°0" 2°49°0"E 2°56'0°E

weighed separately into a beaker. To each
sample, 3 mL of concentrated HCI and 1 mL of
concentrated HNO; were added, and heated on
a hot plate at 100°C for 10 minutes to destroy
any oxidizable materials and carbonates. The
solutions were topped with deionized water to the
30 ml mark and filtered using a Whatman filter
paper. The filtrate was analyzed for the presence
of heavy metals.

2.3 Preparation of  Vegetable for
Proximate Composition Evaluation

Leaves of these vegetables were collected
freshly from different locations. The vegetables
were washed with distilled water and thinly
sliced, and then treated with chlorine
concentrated solution. These samples were oven
dried at temperature of 30°C for 24 hours. The
samples were grounded with a blender and
stored in air-tight container. Each sample (100g)
was weighed and extracted with methanol which
was used for the proximate composition.

2.4 Proximate Analysis

The proximate analysis for leafy vegetable
samples for moisture, ash, crude fibre and fat
were carried out following the standard methods
of AOAC [26]. Nitrogen was determined by
micro-kjeldahi method as described by Pearson
[27] and the percentage nitrogen was converted
to crude protein by multiplying by 6.25.
Carbohydrate was determined by difference. All
findings were performed in triplicates.
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Fig. 1. Map of Lagos State, Nigeria showing sample locations
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2.5 Heavy Metal Analysis

The heavy metal constituents of the leafy
vegetable were analyzed using the solution
obtained by dry ashing the samples at 55°C and
dissolving the ash in distilled deionized water in
flask. All the metals were analysed using atomic
absorption spectrophotometer (Buck Scientific
Model 200A) as described by AOAC [28].

2.6 Statistical Analysis

All the data collected were in triplicates and
these were subjected to univariate statistical
analysis using mean * standard deviation.

3. RESULTS AND DISCUSSION

3.1 Results
3.1.1 Proximate analysis of vegetables
collected from different locations in Ojo

L.G.A

Table 1 shows the proximate analysis of
vegetables collected from three different
locations in Ojo Local Government Area. The
result revealed that Solanum macrocarpon
collected from roadsidehas the highest moisture
contents while Talinum triangulare collected from
the roadside had the least moisture contents
(Table 1).The percentage protein contents of
Solanum macrocarpon collected at the roadside
had the highest values while Corchorus olitorius
and Solanum macrocarpon collected from
farmland had similar values. The crude fibre
contents of Talinum triangulare collected in both
roadside and farmland had similar values while
Talinum triangulare from the market had least
values for crude fibres (Table 1). The
carbohydrate contents of Talinum triangulare
collected at the market had the highest values
while, Solanum macrocarpon and Corchorus
olitorius from the roadside had similar
carbohydrate contents (Table 1). The crude fat
content of Talinum triangulare collected at the
market had the highest values, while Talinum
triangulare from the roadside had the lowest
value. Corchorus olitorius from the roadside had
the highest ash content with Talinum triangulare
samples collected from the roadside had the
least (Table 1).

3.1.2 Proximate Analysis of Vegetables
Collected from different Locations in
Amuwo-Odofin L.G.A

Table 2 shows the proximate analysis of
vegetables collected from three different
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locations in Amuwo-Odofin Local Government
Area. The result showed that Solanum
macrocarpon and Corchorus olitorius collected
from roadside has the highest moisture contents
while Talinum triangulare collected from the
roadside had the least moisture contents (Table
2). The percentage protein contents of Talinum
triangulare collected from the market had the
highest values while Talinum triangulare
obtained from farmland had least value. The
crude fibre contents of Corchorus olitorius and
Solanum macrocarpon collected at the farmland
had similar values while Talinum triangulare from
the market and roadside had least values for
crude fibres (Table 2). The carbohydrate
contents of Talinum triangulare collected from
the market had the highest values while Solanum
macrocarpon and Corchorus olitorius from the
roadside had similar carbohydrate contents
(Table 2). The crude fat content of Solanum
macrocarpon and Corchorus olitorius collected at
the roadside had the highest values, while
Talinum triangulare from the roadside had the
lowest value. All vegetables from the roadside
had similar ash content while Talinum triangulare
samples collected from the farmland had the
least (Table 2).

3.1.3 Proximate Analysis of Vegetables
Collected from different Locations in
Badagry L.G.A

Table 3 shows the proximate analysis of
vegetables collected from three different
locations in Badagry Local Government Area.
The result showed that Solanum macrocarpon
and Corchorus olitorius collected from roadside
has the highest moisture contents while Talinum
triangulare collected from the farmland had the
least moisture contents (Table 3).The percentage
protein contents of Talinum triangulare collected
from the market had the highest values while
Talinum triangulare obtained from farmland had
least value. The crude fibre contents of
Corchorus olitorius and Solanum macrocarpon
collected at the farmland had similar values while
Talinum triangulare from the roadside had least
value for crude fibres (Table 3). The
carbohydrate contents of Talinum triangulare
collected from the market had the highest values
while Solanum macrocarpon and Corchorus
olitorius from the market had similar
carbohydrate contents (Table 3). The crude fat
content of Talinum triangulare collected at the
farmland had the highest values, while Solanum
macrocarpon and Corchorus olitorius from the
market had the lowest value. Solanum
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macrocarpon and Corchorus olitorius from the
roadside had similar ash content while Talinum
triangulare samples collected from the market
had the least (Table 3).

3.1.4 Heavy metal concentration analysis of
vegetables collected from different
locations in Ojo local government area

Table 4 shows the heavy metal concentrations
analysis of vegetablescollected from three
differentlocations in Ojo Local Government. The
result showed that the Talinum triangulare
collected from farmland had the highest
Manganese (Mn) contents while, Corchorus
olitorius and Solanum macrocarpon collected
from farmland had the least Mn contents (Table
4). Also, the Copper (Cu) concentrations in
Talinum triangulare obtained from the farmland
has the highest concentration while, Talinum
triangulare from the roadside had least mean Cu
concentration (Table 4). Almost all the
vegetables had similar mean Zinc (Zn)
concentration values with the exception of
Talinum triangulare from the farmland which was
significantly lower than the rest (Table 4).Highest
Lead (Pb) concentration was recorded in Talinum
triangulare from the roadside while it was not
detected in Corchorus olitorius and Solanum
macrocarpon from the farmland and roadside.
Iron (Fe) concentrations in Corchorus olitorius
and Solanum macrocarpon from farmland were
similar but Talinum triangulare from the roadside
had the least Fe concentration. Highest cadmium
(Cd) concentration was detected in  Talinum
triangulare collected from the farmland with
cadmium concentration of majority of these
vegetables being below detection limit.
Chromium (Cr) was not detected in any of the
vegetables across the locations.

3.1.5 Heavy metal concentration analysis of
vegetables collected from different
locations in Amuwo-Odofin L.G.A.

Table 5 shows the heavy metal concentrations
analyses of vegetables collected from three
different locations in  Amuwo-Odofin Local
Government. The result showed that the Talinum
triangularecollected from roadside had the
highest Manganese (Mn) content while,
Corchorus olitorius and Solanum macrocarpon
collected from farmland had the least Mn
contents along with Talinum triangulare from the
market (Table 5). Also, the Copper (Cu)
concentrations in Talinum triangulare obtained
from the roadside has the highest concentration
while, Corchorus olitorius and Solanum
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macrocarpon from the roadside had least mean
Cu concentration (Table 5). Almost all the
vegetables had similar mean Zinc (Zn)
concentration values with the exception of
Talinum triangulare from the roadside which was
significantly higher than the rest (Table 5).
Highest Lead (Pb) concentration was recorded in
Talinum triangulare from the roadside while it
was not detected in Corchorus olitorius and
Solanum macrocarpon from the market. Iron (Fe)
concentrations in  Corchorus olitorius and
Solanum macrocarpon from farmland were
similar but Talinum triangulare from the roadside
had the least Fe concentration. Cadmium (Cd)
concentrations in all the vegetables studied were
similar but not detected in Talinum triangulare
from farmland, Corchorus olitorius and Solanum
macrocarpon from roadside. Chromium (Cr) was
not detected in any of the vegetables across the
locations (Table 5).

3.1.6 Heavy metal concentration analysis of
vegetables collected from different
locations in Badagry L.G.A.

Table 6 shows the heavy metal concentrations
analyses of vegetables collected from three
different locations in Badagry Local Government.
The result showed that the Talinum
triangularecollected from roadside had the
highest Manganese (Mn) content while,
Corchorus olitorius and Solanum macrocarpon
collected from farmland had the least Mn
contents along with Talinum triangulare from the
market (Table 6). Also, the Copper (Cu)
concentrations in Talinum triangulare obtained
from the roadside has the highest concentration
while, Corchorus olitorius and Solanum
macrocarponfrom the roadside and Talinum
triangulare from the market had least mean Cu
concentration (Table 6). Zinc (Zn) concentration
values was highest in Talinum triangulare
collected from roadside and lowest in Corchorus
olitorius and Solanummacrocarpon obtained from
the market (Table 6). Highest Lead (Pb)
concentration was recorded in  Talinum
triangulare from the farmland while it was not
detected in any of the market samples. Iron (Fe)
concentrations in Corchorus olitorius and
Solanum macrocarpon from farmland were
similar but Talinum triangulare from the roadside
had the least Fe concentration.Cadmium (Cd)
concentrationsin all the vegetables studied were
similar but not detected in Corchorus olitorius
and Solanum macrocarpon from
roadside.Chromium (Cr) was not detected in any
of the vegetables across the locations (Table 6).
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Vegetable Location Carbohydrate Crude Crude fat Moisture Ash Crude fibre
(%) protein (%) (%) (%) (%) (%)
Corchorus olitorius Farmland Mean+S.D 31.62+0.18 5.91 £ 0.03 0.89 £ 0.05 56.27 £ 0.12 2.30 £ 0.07 3.02 £ 0.06
Market Mean +S.D  30.33+0.73 6.75+0.14 0.79 £ 0.00 56.60 £ 0.11 2.71+£0.02 2.84 +0.71
Roadside Mean +S.D  30.13 +0.27 7.00 £ 0.07 0.93+0.01 56.79 £ 0.09 2.88 £ 0.05 2.27+0.32
Talinum triangulare Farmland Mean #S.D 33.61+0.38 6.09 + 0.08 0.90+0.01 51.38+0.13 2.06 + 0.84 5.09+3.21
Market Mean +S.D  40.65+ 0.56 6.70+0.01 1.02+1.00 55.65+0.74 1.86+0.99 1.41 +0.09
Roadside Mean +#S.D  36.73+0.11 6.75 + 0.45 0.02+1.10 42.70+ 0.25 1.07 £ 1.05 5.09 £ 3.21
Solanum macrocarpon Farmland Mean +S.D 31.62 + 0.09 5.91+£0.02 0.89 + 0.04 56.27 £ 0.09 2.30£0.05 3.02+0.04
Market Mean £S.D  30.33 £ 0.52 6.75+ 0.10 0.79+0.01 56.60 + 0.07 2.71+£0.02 2.84+0.51
Roadside Mean #S.D  30.13 +0.19 7.00 £ 0.05 0.93 + 0.02 56.79 + 0.06 2.88 £ 0.04 2.27 £0.23
S.D= Standard Deviation
Table 2. Proximate composition (%) of vegetables collected from different locations in Amuwo-Odofin L.G.A
Vegetable Location Carbohydrate Crude Crude fat Moisture Ash Crude fibre
(%) protein (%) (%) (%) (%) (%)
Corchorus olitorius Farmland Mean +S.D  30.31+0.10 5.31 £0.03 1.02 £ 0.06 55.78 £ 0.12 2.21+£0.05 5.39+0.21
Market Mean +S.D  29.68 + 0.05 5.95+0.13 0.93+0.01 56.11 £0.11 2.65 +0.04 4,70 £ 0.02
Roadside Mean +#S.D  30.04 £0.10 6.18 £ 0.06 1.09 £0.03 56.30 £0.08 2.80 £0.09 3.60 £ 0.20
Talinum triangulare Farmland Mean £S.D 32.58+0.56 5.09 + 0.05 0.76 +0.26 50.30+0.56 1.11 + 0.96 5.02 + 2.64
Market Mean +S.D  46.46+ 0.35 6.39 £ 0.08 2.11 £ 0.05 56.20+0.75 1.86 + 0.99 1.02+1.00
Roadside Mean +S.D 37.09+ 0.23 6.30 £0.21 0.05+1.48 39.89 +0.16 2.80 £ 0.06 1.02 + 0.06
Solanum macrocarpon Farmland Mean +S.D 30.31 + 0.07 5.31+£0.02 1.02 + 0.05 55.78 + 0.09 2.21£0.04 5.39 £ 0.15
Market Mean +S.D 29.68 + 0.04 5.95+0.09 0.93+0.01 56.11 + 0.08 2.65+0.03 4.70 £ 0.02
Roadside Mean +S.D  30.04 + 0.07 6.18 £ 0.05 1.09 £ 0.02 56.30 + 0.06 2.80 £ 0.06 3.60+0.14

S.D= Standard Deviation
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Table 3. Proximate composition (%) of vegetables collected from different locations in Badagry L. G. A.

Vegetable Location Carbohydrate Crude Crude fat Moisture Ash Crude fibre
(%) protein (%) (%) (%) (%) (%)
Corchorus olitorius Farmland Mean + S.D 29.56 + 0.12 5.63 £0.03 0.99 +0.06 58.01 +0.12 2.15+0.07 3.68 £0.04
Market Mean + S.D 28.34 +0.68 6.31+0.13 0.89 +0.01 58.35+0.11 2.53+0.02 3.59 +0.68
Roadside Mean + S.D 28.84 + 0.33 6.55 + 0.06 1.05+0.01 58.55 + 0.08 2.69 +0.04 2.34+£0.29
Talinum triangulare Farmland Mean £S.D  49.40+0.17 5.04 +0.06 4.18 £0.61 35.65+ 0.74 0.43 £0.07 1.10 £ 0.57
Market Mean+S.D  54.90+ 0.36 7.68+0.04 2.97+0.08 42.86+ 0.72 0.19+0.01 1.80+ 0.06
Roadside Mean+S.D  38.70+0.12 6.11+0.10 5.01+1.00 36.86+ 0.21 1.05+0.03 1.05+0.06
Solanum Farmland Mean+S.D  29.56 = 0.09 5.63 £ 0.02 0.99 + 0.04 50.01 £ 0.09 2.15+0.05 3.68 £ 0.03
macrocarpon Market Mean+S.D  28.34+0.48 6.31+0.10 0.89+0.01 58.35+0.08 2.53+0.02 3.59+0.48
Roadside Mean+S.D  28.84 +0.24 6.55 + 0.05 1.05+0.01 58.55 + 0.06 2.68 + 0.03 2.34+0.21
S.D= Standard Deviation
Table 4. Heavy metal contents (mg/100g) of vegetables collected from different locations In Ojo L.G.A.
Vegetable Location Lead Cadmium Iron Copper Manganese Zinc Chromium
Corchorus olitorius Farmland ND 0.07+0.01 3.78+0.18 0.14+0.01 0.03+0.00 1.01+0.01 ND
Market ND ND 3.02+0.13 0.08+0.01 0.12+0.01 1.00+0.00 ND
Roadside 0.02+0.00 ND 2.93+0.07 0.04+0.00 0.13+0.00 1.00+0.02 ND
Talinum triangulare Farmland 0.03+0.00 ND 2.00+0.05 0.23+£0.01 1.06+1.08 0.08+0.01 ND
Market 0.02+0.00 0.01+0.00 1.78+0.18 0.04+0.00 0.11+0.01 1.41+0.01 ND
Roadside 1.06+1.01 1.03+£3.078 1.03+3.08 0.01+0.07 0.10+1.08 1.08+0.07 ND
Solanum macrocarpon Farmland ND 0.07+0.01 3.78+0.13 0.13+0.01 0.03+0.00 1.01+0.00 ND
Market ND ND 3.02+0.09 0.08+0.00 0.12+0.01 1.00+0.00 ND
Roadside 0.02+0.00 ND 2.93+ 0.05 0.03+0.00  0.13+0.00 1.00+0.02 ND
FAO/WHO limits [29] 0.30 0.02 450 40 500 60 5
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Table 5. Heavy metal contents (mg/100g) of vegetables collected from different locations in Amuwo-Odofin L.G.A

Vegetable Location Lead Cadmium Iron Copper Manganese  Zinc Chromium
Corchorus olitorius Farmland 0.01+0.01 0.01+0.00 3.30+0.16 0.12+0.01  0.02+0.00 0.89+0.01 ND
Market ND 0.01+0.00 2.69+0.03  0.07£0.00 0.11+0.01 0.89+0.03 ND
Roadside 0.02+0.00 ND 2.56+0.06  0.03+0.00 0.11+0.00 0.86+0.02 ND
Talinum triangulare Farmland  0.01+0.03 ND 1.83+0.07 0.07£0.00  0.02+0.003 0.99+0.03 ND
Market ND 0.00£0.00 2.56+0.06  0.08+0.01  0.02+0.00 0.89+0.03 ND
Roadside  1.04+1.01  0.01+0.01 1.00+0.08  1.03+0.07 1.06+1.08 1.07+0.07 ND
Solanum macrocarpon Farmland 0.01+0.00 0.01+0.00 3.30+0.11 0.12+0.01 0.02+0.00 0.88+0.00 ND
Market ND 0.04+0.03 2.69+0.02  0.07#0.00 0.11+0.01 0.89+0.02 ND
Roadside  0.02+0.00 ND 2.56+0.00 0.03£0.00 0.11+0.00 0.87+0.01 ND
FAO/WHO limits [29] 0.30 0.02 450 40 500 60 5

Table 6. Heavy metal contents (mg/100g) of vegetables collected from different locations in Badagry L.G.A.

Vegetable Location Lead Cadmium Iron Copper Manganese Zinc Chromium
Corchorus olitorius Farmland 0.01+0.00 0.01+0.00 3.27+0.52 0.12+0.03 0.02+0.00 0.88+0.19 ND
Market ND 0.01+0.00 2.79+0.43 0.07+0.01 0.11+0.02 0.93+0.10 ND
Roadside 0.02+0.00 ND 2.63+0.34 0.03+0.00 0.12+0.02 0.90+0.16 ND
Talinum triangulare Farmland 1.06+1.01 0.01+0.00 2.01+0.12 0.05+0.00 0.12+0.01 1.01+0.01 ND
Market 0.01+0.01 0.01+0.00 2.63+0.34 0.03+0.00 0.02+0.01 2.01+0.00 ND
Roadside ND 0.01+0.01 1.02+0.01 1.03+0.07 1.01+0.00 1.05+0.03 ND
Solanum macrocarpon Farmland 0.01+0.00 0.01+0.00 3.27+0.36 0.12+0.02 0.02+0.00 0.88+0.13 ND
Market ND 0.01+0.00 2.79+0.30 0.08+£0.01  0.11+0.02 0.92+0.07 ND
Roadside 0.02+0.00 ND 2.63+0.24 0.03+0.00 0.12+0.01 0.90+0.11 ND
FAO/WHO limits [29] 0.30 0.02 450 40 500 60 5
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3.2 Discussion

3.2.1 Proximate analyses of vegetables
across the three sampled locations

The proximate analyses of the three vegetables
obtained from three different locations are shown
in Tables 1-3. The moisture content of the
vegetables collected from different farmlands
across the three locations ranges from 35.65% to
58.01%. For vegetables collected from markets,
the moisture content ranges from42.86% to
58.35% while it ranges from 36.86% to 58.55%
for those collected from roadsides. These values
are higher than those reported for three leafy
vegetables commonly consumed in Lagos [30].
The variations in the moisture content can be
attributed to different seasons of harvesting in
addition to other ecological factors peculiar to the
study areas [31]. The carbohydrate composition
varies from 29.56% to 49.40% among samples
collected from farmlands across the three
locations. Vegetables collected from markets
have values ranging from 28.34% to 54.90% but
roadsides collected values are within 28.84% to
38.70%. The carbohydrate content of vegetables
in this study is within the values reported by
Idoko et al. [32]. It is generally known that in
humans, carbohydrate are utilize as major
sources of biological energy through their
oxidation in the cells. They also function as
organic precursors for the biosynthesis of many
cell components [31]. The protein content varies
from 5.04 — 6.09% in vegetables collected from
different farmlands across the locations. For
samples collected from different markets, values
of protein composition range from 5.95% to
7.68%. Market samples have values ranging
from 6.19- 7.00%. This result is lower than what
was reported by Oluwole et al. [33]. Plant foods
that supply the body with more than 12% of their
caloric value from protein have been reported to
be good source of protein [34]. This shows that
samples from this study are not rich sources of
protein. The crude fat ranges from 0.76% -
4.18%, 0.79% - 2.97% and 0.02% - 5.01% in
vegetables collected from farmlands, markets
and roadsides respectively. The crude fat content
in vegetables across the three sampled areas is
quite higher than the values reported by Hodson
et al. [30]. Lipids (fat) are major energy yielder in
human  nutrition, ranking close behind
carbohydrate. Lipids are essential carbon
sources for the biosynthesis of cholesterol and
other steroids. The provision of essential fatty
acids by plant triacylglycerol is also well known
and documented [35]. The low lipid sources
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observed in the vegetable leaves make them
good for human health [36]. The crude fibre
results ranges from 1.10%to 5.39% in vegetables
collected from farmlands across the three
locations. The crude fibre content for samples
collected from markets varies betweenl.02% to
4.70% while it ranges from 1.02%- 0.09% for
vegetables collected from roadsides. The fibre
content in these vegetables are higher compared
to the values reported by Taiga et al. [37].
Dietary fibre helps to lower serum cholesterol
level, risk of coronary heart diseases,
constipation and diabetes [38]. The percentage
ash content ranged from 0.43-2.30, 0.19 - 2.21
and 1.05 — 2.88 in vegetables collected from
farmlands, markets and roadsides respectively
across the three locations. The ash content is
lower in the vegetables used in this study than
those reported in Oluwole et al. [33]. The total
ash content has been reported as a measure of
the nonvolatile inorganic constituents remaining
after ashing [39].

3.2.2 Heavy metals analysis of vegetables
across the three Sampled Locations

The heavy metal analyses of the three
vegetables obtained from the three different
locations are shown in Tables 4-6. The study
revealed that cadmium concentrations in the
three vegetables were above the WHO / FAO
permissible limit of 0.02 mg/kg [29] and one
reported by Oluwole et al. [33]. Lente et al. [40]
also reported cadmium values below detection
limit of 0.006 mg/kg in vegetables grown in long-
term wastewater irrigated urban farming sites in
Accra. Cadmium is obviously becoming an
increasing health concern in agriculture as it has
been linked with damage of kidneys, bones and
its probable carcinogenic nature [41]. In addition,
Guerra et al. [42] noted that cadmium is very
dangerous as it can be taken up through the
alimentary tract; penetrate through placenta
during pregnancy, and damage membranes and
the DNA. It was said by same author that once
cadmium is in the human body, it may persist in
the metabolism from 16 to 33 years, and is
connected to many health issues including renal
damages and abnormal urinary excretion of
proteins. Reduction in bone  calcium
concentration and increment in urinary excretion
of calcium has also been associated with Cd
exposure that can cause death [43].

This study revealed that Chronium level in the
various vegetables might not pose health risk to
consumers as they were below detectable limit.
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Chromium is essential for insulin activity and
deoxyribonucleic acid transcription in living
organism particularly human beings. However,
an intake less than 0.02 mg per day could lessen
cellular responses to insulin [44].

Lead has been reported to have toxic effects on
organs like kidneys, liver, lung and spleen which
result to different biochemical defects. It exhibits
neuropathology when adults are exposed
occupationally or accidentally to excessive
levels. There is a relationship between lead in
the human body and the increase of blood
pressure of adults [45]. This study showed that
the lead concentrations in three vegetables
across different locations were above the WHO /
FAO permissible limit of 0.30 mg/kg [29]. Similar
studies conducted by Oluwole et al. [33] showed
concentration of Pb with mean range of 0.00-
0.008 mg/kg. Suruchi and Pankaj [41] also
reported 2.652 mg/kg of Pb in some vegetables.

Manganese concentration of the vegetables in
this study were well below WHO/FAO
permissible limit of 500 mg/kg [29] which means
there is a likelihood of anthropogenic input on the
vegetables in these locations.

Iron levels in vegetables collected for this study
were below the WHO/FAO permissible limit of
450 mg/kg [29] and ones reported by Monu et al.
[46]. According to Codex [47], excess ingestion
of Fe can result in deposition of iron in tissues
(siderosis) in adrenals, liver, pancreas, thyroid,
pituitary among others in human.

Zinc concentrations in the three vegetables were
below the WHO/FAO permissible limit of 60
mg/kg [29]. Zinc concentration in this study is
below concentration reported in similar study
conducted by Singh et al. [48] but similar to zinc
concentration reported by Oluwole et al. [33].
Zinc is known to be an essential mineral as a
result of its exceptional biological and public
health significance [49]. However, excessive
ingestion can have adverse effects on human
health [50]. According to Harmanescu et al. [51],
Zn can reduce immune function and the levels of
high-density lipoproteins. In the developing
world, its deficiency affects about two billion
people and is related with many diseases [52]. It
also causes growth retardation, delayed sexual
maturation, infection susceptibility, and diarrhea
in children and is responsible for about 800,000
children death worldwide per year [49].

Copper concentrations in this study were below
the WHO / FAO permissible limit of 40 mg/kg [29]
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and is well within values reported by Oluwole et
al. [33]. This suggests that Cu concentrations in
the various vegetables across the locations are
safe for consumption. Copper is important for
humans as a trace dietary mineral. Nevertheless,
excess consumption of Cu can lead to adverse
effects on human health [50]. For example,
excess Cu concentration can result to acute
intestine and stomach aches, and liver damage
[50].

A closer look at the results showed that
vegetables obtained from roadsides across the
three locations have the highest heavy metal
concentrations than those collected from
farmlands and markets. This is quite relatable as
they are exposed to various forms of pollution
such as vehicular emission, oil spillage and many
others.

4. CONCLUSION

It could be inferred from this study that
vegetables across the three locations are rich
sources of nutrients irrespective of specific points
of collections through the results of the proximate
analysis. It could also be concluded from the
present study that Cd and Pb concentrations in
all the vegetables were above the permissible
limits set by FAO/WHO for human consumption.
The levels of other heavy metals like Fe, Zn, Co
and Mn fall below the permissible limit with Cr
not even detected in any of the vegetables.
However, vegetables collected from roadsides
had the highest overall heavy metal
concentrations compared to those collected from
farmlands and markets. This could be attributed
to pollution by vehicular emission, indiscriminate
dumping of wastes among others in the study
areas which promote increase in the level
of toxic metals in vegetables. Thus, regular
monitoring of heavy metal contamination of
vegetables in farmlands, roadsides and markets
should be encouraged to checkmate possible
health hazard from consumptions of these
vegetables.
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