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Original Research Article

Determination of Heavy Metals and Phytochemical analysis of some selected Vegetables grown at

Kalambaina Area Sokoto.

ABSTRACT

Heavy metals and phytochemicals were investigated in some selected vegetables grown at Kalambaina
area of Sokoto. The levels of heavy metals and phytochemicals were analyzed using Atomic Absorption
Spectrometric (AAS) and standard analytical procedures respectively. The concentration of heavy metals
were found to be higher in Amarantus specie. Pb; (1.3292 + 0.014mg/kg), Ni; (0.2785 = 0.011mg/kg), Cr;
(0.1136 £ 0.012mg/kg), Cd; (0.0032 + 0.011mg/kg) and spinacea oleracea Pb; (0.2183 + 0.011mg/kg), Ni;
(0.0165 £ 0.020mg/kg), Cr; (0.0986 = 0.011mg/kg) Cd; (0.0062 % 0.014mg/kg), however, low
concentrations were observed in Allium cepa Pb; (0.0764 + 0.011mg/kg), Ni; (0.0032 + 0.011mg/kg), Cr;
(0.1333 + 0.015mg/kg), Cd; (0.0046 + 0.020mg/kg). The results of the study for the three (3) vegetables
revealed the concentrations of the heavy metals are within the World Health Organization (WHO) and
Standard Organization of Nigeria (SON) safe limits guidelines with the exception of Cr and Pb.
Phytochemical screening of methanolic extracts of the vegetables showed the presence of alkaloids,
saponins, tannins, flavonoids,phenolics and terpenoids. Therefore, this study revealed that the vegetables
can be use as efficient source of secondary metabolites.

Keywords; Heavy metals, Phytochemicals, Kalambaina and Atomic Absorption Spectroscopy

1.0 INTRODUCTION

Plants are nature’s gift to mankind in terms of providing us with food, oxygen, as well as shelter. Since
time immemorial, they have served as the first line of defence used by our forefathers to fight diseases
such as Diarrhea, Cholera and Malaria [1]. Plants are conveniently separated into those which are edible,
those which serve as a source of drugs or spices, and those that are of ornamental value etc. Although
almost intensively cultured plant rightly comes under the domain of horticulture, primary effort is centered
on the various traditional “garden” plants. The Horticulturist divides the edible garden plant into

vegetables and fruits [2].
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Vegetables are important edible crops and are an essential part of the human diet. They are rich in
nutrients required for human health, and are an important source of carbohydrates, vitamins, minerals,
and fibers [3]. Heavy metals can be readily taken up by vegetable roots, and can be accumulated at high
levels in the edible parts of vegetables, even heavy metal in soil at low levels. In many countries and
regions, vegetables are exposed to heavy metals by various means, thus vegetable consumption can

cause adverse health effects [4].

Heavy metals are natural constituents in nature, usually occurring in low concentration under normal
conditions. Heavy metals contamination of vegetables cannot be underestimated as these food stuffs are
important components of human diet [5]. Despite of the bright prospects and enormous potential need of
vegetables and fleshy fruits production in Nigeria, there are challenges such as Poor growth and
harvesting techniques, lack of storage facilities, inadequate processing facilities, and improper packaging
and pests’ protection management procedures. These factors mentioned may lead to the contamination
of the vegetables and fruits with the heavy metals. Anthropogenic activities can cause elevated levels of
these metals in various parts of the ecosystem and thus environmental pollution by heavy metals may
occur via various diffused and point sources [2]. Assessment of heavy metal compositions of vegetable is
one of the most important method used for monitoring environmental pollution, as the deficiency or
excess of the elements is known to cause a number of serious metabolic growth, physiological and as
well as toxic effect [6]. The present study is aim at investigating the levels of some heavy metals (Cd, Cr,
Ni and Pb) and phytochemicals in edible portion of spinacea oleracea, Allium cepa and Amaranthus

specie grown at kalambaina area Sokoto.

2.0 Materials and methods

2.1 Chemicals and Reagents

The reagents used for the study included hydrochloric acid (HCI), trioxonitrate acid (HNOj3), sodium
hydroxide (NaOH), ferric chloride, Wagners reagent (iodine in potassium iodide), sulphuric acid (H,SO,),
sodium chloride (NacCl), perchloric acid (HCIO,4), chloroform, methanol, and distilled water. All other

chemicals used were of analytical grade and purchased from standard manufactures.
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2.2 Samples collection

Fresh samples were collected in a pre-cleaned plastic bags from Kalambaina area Sokoto down Cement
Company of Northern Nigeria. The samples were identified and authenticated at the Department of
Biological science Sokoto State University Sokoto. The collected samples were washed separately under
running tap water before cut down into smaller pieces using knife and dried at room temperature for about
2 weeks to a constant weight. The samples were grounded into a fine powder, sieved and stored in
plastic jar labeled for analysis.

2.3 Extraction of plant samples

The procedure that was used for the extraction of the active ingredients from the plant parts in this
research was extraction by evaporation using 70% methanol. This was done by suspending 50g of the
samples in 500ml of 70% methanol. The extraction was allowed for 24 hours at room temperature on
shaker. Each sample was separated using Whatman filter paper, the filtered liquid was then dried in
evaporator at 35°::C for about 4 hours to get extract.

2.4 Digestion procedure

A 2.0 g of the samples were weighed into Kjeldahls flask mixed with 20 cm?® of concentrated sulphuric
acid, concentrated perchloric acid and concentrated nitric acid in the ratio 1:4:40 by volume respectively
and left to stand overnight. Thereafter, the flask was heated at 70°C for about 40 min and then, the heat
was increase to 120°C. The mixture turned to black after some time [7]. The digestion was completed
after the solution became clear and white fumes appeared. The digest was diluted with 20 cm? of distilled
water and boiled for 15 min. Solution was then allowed to cool, it was transferred into 100 cm3 volumetric
flasks and diluted to the mark with distilled water. The sample solution was then filtered through a filter

paper into a screw capped polyethylene bottle, the procedure was repeated for all the samples.

2.5 Determination of heavy metals
The method applied for the assessments of heavy metal concentration of each sample of plant materials,
after the digestion of the samples was by using the Atomic Absorption Spectrometric techniques as

described previously [8].
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2.6 Phytochemicals screening

2.6.1 Alkaloids

Wagner's test: 1cm’of each extracts were treated with 2 drops of Wagner's reagent (lodine in
Potassium lodide). Formation of brown/reddish precipitate indicates the presence of alkaloids in the
extracts [9]

2.6.2 Flavanoids

Alkaline reagent test: 3cm® of each extract were treated with 1cm?® of 10% NaOH solution. Formation of
intense yellow color, which becomes colorless on addition of dilute acid, indicates the presence of
flavonoids in the extracts.

2.6.3 Saponins

Foam method; 0.5g of each extract were treated with 5ml of distilled water, and mixture was shaken
vigorously, the production of foam which persisted in few minutes indicated the present of saponins in the

extracts.
2.6.4 Phenolics

Ferric chloride test; 2.0ml of each extract were treated with 3-4 drops of 10% ferric chloride, formation of

bluish black color indicates the presence of phenolics compound in the extract.
2.6.5 Tannins

Ferric chloride test; 2 drops of 5% FeCl; was added to 1 cm? of each extract. A greenish precipitate
indicated the presence of tannins in the extracts.

2.6.6 Terpenoid

Salkowski method; 1ml of each extract was treated with 2ml of chloroform and few drops of sulphuric
acid, it was shaken and allowed to stand for few minutes, appearance of reddish brown color at the lower

layer indicates the presence of terpenoids in the extracts [10]
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2.7 Statistical analysis

All data of the study were performed in triplicate and values were reported as mean + standard deviation
using Graphad Instat. The results were compared with World Health Organization Standard and Nigerian
Standard 2011.

3.0 RESULTS AND DISCUSSION

3.1 RESULTS

Table 1. Concentration of some heavy metals in spinach, onion and amarantus

Metals Spinacea olaracea  Allium cepa. Amarantus Specie WHO STD. NIG STD.
(Cd) mg/kg 0.0062 =+ 0.014 0.0046 + 0.020 0.0032 + 0.011 0.05 0.003
(Cr) mg/kg 0.0986 + 0.011  0.1333+0.015  0.1136 +0.012 0.05 0.05
(Ni)mg/kg ~ 0.0165+0.020  0.0032+0.011  0.2785+ 0.011 0.05 0.02
(Pb) mg/kg  0.2183+0.011  0.0764 + 0.011 1.3292 + 0.014 0.03 0.01

The results are mean * standard error of the mean of triplicate experiments

WHO STD = World Health Organization Standard (2011)

NIG STD. = Nigerian Standard based on SON (2011)

Table 2: Qualitative phytochemical analysis of spinach, onion and Amarantus specie

Phytochemical Spinacea oleracea Allium cepa Amarantus specie
Alkaloid - - +

Flavanoid + ++ -

Saponin - - ++

Tannins ++ ++ ++

Phenolics + ++ -

Terpenoids ++ +++ -

- Absent + Present at low concentration

++ Present at moderate concentration +++ Present at high concentration
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3.2 DISCUSSION

The concentration of heavy metals (Cd, Cr, Ni and Pb) were investigated in Amarantus specei, Allium
cepa and Spinacea oleracea grown at Kalambaina Area, Sokoto. The results obtained in (Table 1)
showed that there is higher concentration of Lead (Pb) in Amarantus specei, (1.3292 + 0.014mg/kg),
spinacea oleracea (0.2183 + 0.011mg/kg) and Allium cepa (0.0764 + 0.011mg/kg), the concentration of
lead is above the maximum allowable concentration of World Health Organization (WHO) and Standard
Organization of Nigeria (SON). Our result supports the study conducted by Okerulu et al. which also

showed that there is high concentration of lead (Pb) in plants spp [11].

Our study also showed that there is higher concentration of Chromium in Allium cepa (0.1333 %
0.015mg/kg), Amarantus specei (0.1136 + 0.012mg/kg) and Spinacea oleracea (0.0986 + 0.011mg/kg)
(Table 1) when compared to the maximum allowable concentrations of both WHO and SON (MAC,
0.05mg/kg and 0.05mg/kg respectively), This is similar to the study which investigated Chromium toxicity

in some vegetables which also high Chromium concentration [12].

The concentration of Nickel was low in Allium cepa (0.0032 + 0.011mg/kg) and Spinacea oleracea
(0.0165 *+ 0.020mg/kg), but in high in Amarantus specei (0.2785 + 0.0011mg/kg) according to WHO and

SON standard.

Cadmium (Cd) concentrations obtained were (0.0062 + 0.014mg/kg), in Spinacea oleracea (0.0046 +
0.020mg/kg) in Allium cepa and (0.0032 + 0.011mg/kg) in Amarantus specei (Table 1) which revealed low
MAC for WHO (MAC, 0.05mg/kg), but high SON (MAC, 0.003mg/kg). This study contradicts research

conducted by Satarug et al which showed that Cadmium is predominantly found in plants spp [13].

Phytochemicals are biologically active occurring chemicals compound found in plants which provide
health benefits for human further than those attributed to macronutrients and micronutrients [11]. The
results of qualitative phytochemical screening of this research revealed the presence of biologically

active compounds such as Tannins, Alkaloids, Saponins, Flavoniods and Phenolic at different levels.

The phytochemical screening showed alkaloids were present in Amarantus specei leafs (+) but absent in

Spinacea oleracea and Allium cepa (-) (Table 2). This contradicted the study which reported that alkaloids
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were present in all vegetables [14]. The presence of alkaloids in Amarantus specei indicated that the leaf

can be used for the treatment of malaria, cold, cough, diabetes, and hypertension [15].

Flavonoids were found to be moderately present in Allium cepa (++), slightly present in Spinach (+) and
absent in Amarantus specie (-). Flavonoids plays an important role in protecting biological system on
macromolecules such as lipids, carbohydrates and proteins [16]. Extracts of Flavonoids are known to

have anti-inflammatory, anti-allergic, anti-viral anti-spasmodic and diuretic effect [17].

Saponins were found to be moderately present in Amarantus specie (++) but absent in Spinacea oleracea
and Allium cepa (-) respectively. This agrees with the finding that reported the present of saponins in
Amarantus specie [14]. Saponins are known to be immune boosters. Extracts of plants rich in saponins
are said to demonstrate anti-inflammatory, hemolytic, allelopathic, cholesterol lowering and anti-cancer

properties [17].

Tannins were found to be moderately present in Allium cepa, Spinacea oleracea and Amarantus specie
(++). Tannins are chelating agents for metals and can form complexes with macromolecules through the
process, essential substrates and enzymes of microorganisms are depleted leading to cell death [11].
Tannins are good anti-microbial agent with precipitate protein thereby providing water proof layer on the
skin when used externally or protect the underlying layers of the skin and limit the loss of fluid. They are

also known to be good anti-viral agents [11].

Phenolic compounds are famous group of secondary metabolites with wide pharmacological activities.
The phytochemical screening revealed the present of phenolic compound in Allium cepa and Spinacea
oleracea (+) but absent in Amarantus specie. Extract of plants rich with phenolic compounds plays an
important role in biological activities such as antiulcer, antidepressant, antioxidant, cytotoxic and

antitumor [18].
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4.0 CONCLUSION

The presence study confirmed the presence of heavy metals (Cd, Cr, Ni and Pb) in vegetables (Spinacea
oleacea, Allium cepa and Amarantus specie) grown at Kalambaina area Sokoto. However, the level of
heavy metals were currently within the WHO and SON safe limits guidelines with the exception of Cr and
Pb which exceeded the safe limit guidelines in all the vegetables. The study has also confirmed the
presence Alkaloids, flavonoids, tannins, phenolic and saponins in all the vegetables. The presence of
many phytochemicals in the vegetables helps to enrich the immune system and other haematological
parameters in human body.

5.0 RECOMMENDATIONS

Further studies should be carried out to determine the concentration of heavy metals in soil and water of

the study area. The study should also be extended to different areas of Kalambaina.
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