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Abstract
The heavy metal content of edible vegetables has been studied. Heavy metal toxicity enters into the human food chain through
certain food stuffs. Two different vegetables (Telfairia occidentalis and Talinum triangulare) were purchased in two different
markets in Aba and were analyzed for their heavy metal contents using Atomic Absorption Spectrophotometer (AAS). Iron (Fe)
levels were the highest followed by Zinc (Zn) whereas Lead (Pb) and Cadmium (Cd) were not detected by our analytical method.
The concentration of Iron (Fe) in T. occidentalis sampled at new market (357 ± 0.17mg/kg), T. occidentalis sampled at umungasi
market (419 ± 0.14mg/kg), T. triangulare sampled at new market (388 ± 0.02mg/kg) and T. triangulare sampled at umungasi
market (342 ± 0.25mg/kg) while Zn has (76.1 ± 0.02mg/kg) and (115 ± 0.44mg/kg) in T. occidentalis sampled at new market and
umungasi market. And (266 ± 0.77mg/kg) and (58.8 ± 0.26mg/kg) in T. triangulare sampled at new market and umungasi market
respectively. The result showed that Zn in vegetables were above the recommended maximum level. Phytochemical studies
indicated Alkaloids, flavonoids, and saponins in the vegetable sampled while tannins were only detected in T. triangulare.
Keywords: heavy metals, vegetables, Telfairia occidentalis, Talinum triangulare, Nigeria
Introduction
Most developing countries depend on starch-based food as the
main staple food for the supply of both energy and protein.
This account in part, for protein deficiency which prevails
among the populace as recognize by food and agricultural
organization (Ladeji et al., 1995) [23].
In Nigeria, as in most other tropical countries of Africa where
the daily diet is dominated by starchy staple foods, vegetables
are the cheapest and most readily available sources of
important proteins, vitamins, mineral and essential amino
acids (Thompson and Kelly, 1990) [46].
Vegetables are the fresh and edible portions of herbaceous
plants, which can be eaten raw or cooked (Dhellot et al.,
2006) [10]. They contain valuable food ingredients which can
be used as energy sources, body building, regulatory and
protective material.
Many people are aware that eating plant based foods add
much needed fiber, vitamins and minerals to the diet but what
is less well known is the many benefit of the phytochemicals
that these plant contain.
Phytochemicals come in a variety of forms and different
vegetables have higher concentrations of a particular
phytochemical than others. It is important to understand that
maintaining a diet that contains variety of vegetables will
combine the benefits of the phytochemicals available.
The implications associated with heavy metals contaminations
are of great concern particularly in agricultural production
systems (Gupta and Gupta, 1998) [17]. Diverse amount of
heavy metals are found as contaminants in agricultural
production especially in urban horticultural crop production.
The contamination of agricultural soils is often a direct or

indirect consequence of anthropogenic activities (McLaughlin
et al., 1999) [30]. Sources of anthropogenic metal
contamination in soils include urban and industrial waste,
mining and smelting of non-ferrous metals and metallurgical
industries. Others sources of anthropogenic contamination
include the addition of manure, sewage, sludge, fertilizers and
pesticides to soils (McBride, 2003) [28]. These metals, once
introduced to the environment by one particular method, may
spread to various environment components, which may be
caused by the nature of interactions occurring in the natural
systems (Dube et al., 2001) [11].
The uptake of these metals by crops results in the
bioaccumulation of these elements in plant tissue. The kind of
metal, plant species and plant parts however influence the
uptake of the metals (Juste and Mench, 1992) [22].
Vegetables contain both essential and toxic elements over a
wide range of concentrations (Ajewole, 1999) [1]. The
concentration of these elements is a function of the
concentration in the soil in which the vegetable is planted.
These toxic elements are usually introduced into the
vegetables from the environment. They could be in the soil,
air, or nutrient solutions and include heavy metals and other
trace elements.
Alloway and Davies (1971) [4] reported that plants grown on
soils possessing enhanced metal concentration due to pollution
have increased heavy metal ion content. One of the ways by
which heavy metals are consumed is via the food chain. If the
consumption of these metals through plant sources is not
regulated, it may lead to accumulation in man with high
potentials for health hazards.
Heavy metal contamination of vegetables cannot be under
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estimated as these foodstuffs are important components of
human diet. Vegetables are rich sources of vitamins, minerals
and fibers, and also have beneficial antioxidative effects.
However, intake of heavy metal contaminated Vegetables may
pose a risk to the human health. Heavy metal contamination of
food is one of the most important aspects of food quality
assurance. Heavy metals are non-biodegradable and persistent
environmental contaminants, which may be deposited on the
surfaces and then absorbed into the tissues of vegetables.
Telfairia occidentalis (pumpkin leaf) is one of the commonly
consumed leafy vegetables in Nigeria. It is used in herbal
preparations of African traditional medicine, it has the ability
to attenuate hyper cholesterolemia.
Oyolu (1978) [40] reported that the leaves of Telfairia
occidentalis together with the edible shoots contain moisture,
crude, protein, carbohydrates, oils, ash and iron while Longe
et al., (1983) [26] reported that the minerals namely; calcium,
potassium, magnesium, iron, sodium and phosphorous are
concentrated in testa, pulp and husk.
Talinum triangulare (waterleaf) is an herbaceous perennial
leaf, calls cent and glabrous plant widely grown in tropical
regions as a leaf vegetable (Ezekwe et al., 2001) [13].
Nutritionally, Talinum triangulare has been shown to possess
the essential nutrients like beta carotene, minerals (such as
calcium, potassium and magnesium), pectin, protein and
vitamins (Ezekwe et al., 2001) [13].

Fe, Zn, and Pb, by Atomic Absorption Spectrophotometer.
This sample procedure was carried out for each plant sample
(Jones, 1984).

Aims and Objective of the study
This study was built in the foundation that consumption of
vegetables has been shown as one of the ways by which heavy
metals are consumed by man. Secondly, there are reports on
literature on the health hazards associated with heavy metals
concentration. The objectives of this study are stated as
follows; to evaluate phytochemical composition of these
vegetables (Telfairia occidentalis and Talinum triangulare)
and to assess the heavy metal content of the leaves of the
vegetables Telfairia occidentalis and Talinum triangulare
marketed in Aba.

Determination of the tannin content
Tannin content was determined by the photometric method of
Harbone (1973) [18] as described by Okwu (2005) [37]. 5g of the
samples were weighed into 100ml plastic bottle. 50ml of
distilled water was added and shaken for 1 hour in a
mechanical shaker. This was filtered into a 50ml volumetric
flask and made up to mark. Then 5ml of the filtrate was
pipette out into a tube and mixed with 3ml of 0.1M Fecl3 in
0.1N Hcl and 0.008M potassium ferrocyanide. The
absorbance was measured in a digital spectrophotometer
model 390 at 395nm wavelength within 10 minutes. A reagent
blank sample was prepared. The reagent blank was used to
calibrate the instrument to zero. A set of serial standard
solutions were prepared using tannic acid to get mg/100g and
measured to construct the calibration curve. The percentage
tannin was calculated as shown:

Materials and Method
Sampling
Two vegetables (Telfairia occidentalis and Talinum
triangualare) were purchased in two different markets in Aba
(New market and Umungasi market) Abia State Nigeria.
Sample Preparation
The vegetable leaves were washed and air-dried. Each of the
dried leaves was ground into fine powder. These powders
were packaged in an air tight plastic container.
Heavy metal analysis
Powdered sample (5.0g) was transferred to a 25ml conical
flask; 5ml of concentrated H2SO4 was added followed by
25ml of concentrated HNO3 and 5ml of concentrated HCl.
The content of the tube were heated at 200oc for 2 hours in a
fuming cupboard, and then cooled to room temperature. Then,
20ml of distilled water was added and the mixture was filtered
using filter paper. Finally, the mixture was transferred to a
50ml volumetric flask, filled to mark, allowed to settle for at
least 15 hours. The resulted filtrate was analyzed for total Cd,

Quantitative phytochemical analysis
Determination of the alkaloid content
This was done by the alkaline precipitation gravimetric
method of Harbone (1973) [18]. As described by Obadoni and
Ochuko, (2001) [35] and Okwu (2005) [37]. Each of the samples
(5g) was weighed into a 250ml beaker and 200ml of 20%
acetic acid in ethanol (1:10) was added and covered to stand
for 4 hours. This was filtered and the extract was concentrated
using a water bath to one quarter of its original volume by
evaporation and treated with drop-wise addition of
concentrated aqueous NH40H until alkaloids was precipitated.
The whole solution was allowed to settle and the precipitate
was collected by filtration which was later dried and weighed.
The alkaloid content was calculated and expressed as mg/100g
of the weight samples analyzed. The percentage alkaloid was
determined as follows:

Where W2 = weight of filter paper + extract
W1 = weight of filter paper
Ws = sample weight

Where Ab (test) = Absorbance of test sample
Ab (STD) = Absorbance of standard tannin
Conc. (STD) = Concentration of standard tannin
W = Sample weight
VF = Total volume of sample solution
VA = Volume of aliquot
Determination of the saponin content
This was done by the method of Harbone (1973) [18] as
described by Obadoni and Ochuko (2001) [35] and Okwu
(2005) [37]. Each of the plant samples (5g) were dispersed in
200ml of 20% ethanol. The suspension was heated over a hot
water bath for 4 hours with continuous stirring at about 55oc.
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The mixture was filtered and the residue re-extracted with
another 200ml of 20% ethanol. The combined extracts were
reduced to 40ml over a water bath at about 90oc. The
concentration was transferred into a 250ml separatory funnel
and 20ml of diethyl ether was added and shaken vigorously.
The aqueous layer was recovered while the ether layer was
discarded and the purification process was repeated of nbutanol (60ml) was subsequently added and the combined nbutanol extracts were washed twice with 10ml of 5% aqueous
sodium chloride. The remaining solution was heated in a
water bath and after evaporation the samples were dried in the
oven to a constant weight. The saponins content was
calculated and expressed as mg/100g of the weight of the
sample analyzed. The percentage saponin was calculated as
shown:

subtraction. The content of flavonoids in each extract was
determined using a standard curve prepared from catechin to
get mg/100g and the absorbance measured. The percentage
flavonoid is calculated as shown:

Where Ab (test) = Absorbance of test sample
Ab (STD) = Absorbance of standard flavonoid
Conc. (STD) = Concentration of standard flavonoid
W = Sample weight
VF = Total volume of sample solution
VA = Volume of aliquot
Results
Heavy metals and the phytochemical results of both
vegetables are given in tables 1, 2 and 3.

Where W2 = weight of filter paper + extract
W1 = weight of filter paper
Ws = sample weight
Determination of flavonoid content
The total flavonoid content of plant extract was determined
according to spectrophotometric method as described by Zou
et al., (2004) [53]. A 5g portion of each of the samples was
weighed into 100ml plastic bottle. 50ml of distilled water was
added and shaken for 1 hour in a mechanical shaker. This was
filtered into a 50ml volumetric flask and made up to mark.
The sample solution (0.5ml) was mixed with 2ml of distilled
water and subsequently with 0.15ml of 5% NaNO2 solution.
After 6 minutes of incubation, 0.15ml of 10% AlCl3 solution
was added and then allowed to stand for 6 minutes. This was
followed by the addition of 2ml of 4% NaOH solution and the
solution was brought to 5ml by the addition of distilled water.
The solution was thoroughly mixed and allowed to stand for
another 15 minutes and finally read at wavelength of 510nm.
A blank sample for each extract was used for background

Table 1: Phytochemical result of Telfairia occidentalis and Talinum
triangulare sampled at New market Aba South, Abia State Nigeria.
Parameters
Telfairia
Talinum
(Mg/100g)
occidentalis
triangulare
Alkaloids
0.98 ± 0.50
1.21 ± 0.12
Flavonoids
2.00 ± 1.00
3.42 ± 0.50
Saponins
4.28 ± 0.10
6.11 ± 0.10
Tannins
< 0.01
0.14 ± 0.02
Values are Mean ± standard deviation (SD) of two determinations
Table 2: Phytochemical result of Telfairia occidentalis and Talinum
triangulare sampled from Umungasi market Aba North, Abia State
Nigeria.
Parameters
Telfairia
Talinum
(Mg/100g)
occidentalis
triangulare
Alkaloids
2.09 ± 0.20
3.33 ± 0.20
Flavonoids
3.12 ± 0.30
6.27 ± 0.10
Saponins
5.23 ± 0.30
8.01 ± 0.20
Tannins
< 0.01
0.15 ± 0.10
Values are Mean ± standard deviation (SD) of two determinations

Table 3: Heavy Metal Analysis result of the vegetable leaves.
Parameters
Telfairia occidentalis At
Telfairia occidentalis
(Mg/Kg)
At New Market
Umungasi Market
Iron (Fe)
357 ± 0.17
419 ± 0.14
Zinc (Zn)
76.1 ± 0.02
115 ± 0.44
Lead (Pb)
< 0.01
< 0.01
Cadmium (Cd)
< 0.01
< 0.01
Values are Mean ± standard deviation (SD) of two determinations

Discussion
The heavy metal compositions of two different vegetables
(Telfairia occidentalis and Talinum triangulare) are given in
table 3.
Iron (Fe) concentration were the highest followed by Zinc
(Zn), Pb and Cadmium were not detected by our analytical
method. The concentration s of fe were 357 ± 0.17mg/kg and
388 ± 0.02mg/kg in Telfairia occidentalis and Talinum
triangulare respectively sampled at New market, while the Fe
concentration of the vegetables sampled at Umungasi market

Talinum triangulare
At New Market
388 ± 0.02
266 ± 0.77
< 0.01
< 0.01

Talinum triangulare At
Umungasi Market
342 ± 0.25
58.8 ± 0.26
< 0.01
< 0.01

were; 419 ± 0.14mg/kg and 342 ± 0.25mg/kg for Telfairia
occidentalis and Talinum triangulare respectively.From the
result, the concentration of fe across the various vegetables
samples were below the 425.50mg/kg as recommended
maximum level for vegetables as described by (Weigert,
1991) [51].
Zinc (zn) concentrations was highest in Talinum triangulare
sampled at Umungasi market (266 ± 0.77mg/kg) followed by
Telfairia occidentalis sampled at Umungasi market (115 ±
0.44mg/kg), then 76.1 ± 0.02mg/kg, and 58.8 ± 0.26mg/kg
81

European Journal of Biotechnology and Bioscience

was found in Telfairia occidentalis and Talinum triangulare
sampled at New market respectively.Similarly, the
concentration of zinc in vegetable sampled at Umungasi
(Telfairia occidentalis) 115 ± 0.44mg/kg and New market
(Talinum triangulare) 266 ± 0.77mg/kg were above the
recommended maximum level for vegetables as adopted by
(Weigert, 1991) [51].
Iron is thus essential but at some levels poses potential
toxicity. The first indication of iron poisoning is stomach pain,
as iron is corrosive to the lining of the gastrointestinal tract
including the stomach. Vomiting are also common symptoms
and bloody vomiting may occur as a result of metabolic
acidosis which in turn damages the internal organs,
particularly the brain and the liver.
Iron poisoning can cause hypovolemic shock due to iron’s
potential ability to dilate the blood vessels. The detrimental
effects of chronic iron toxicity are due in part to iron
accumulation in various organs. These include the heart, liver,
brain, pancreas and joints. It interferes with zinc and copper
metabolism which are needed to maintain the integrity of the
joint surfaces.
Iron has an affinity for cardiac tissue and in excess, cause’s
damage to the heart muscle. Excessive iron antagonizes
chromium needed for insulin transport and thus results in
diabetes (Allen, 2002) [3].
Zinc is known to be a mobile metal (Mapandu et al., 2005) [27].
The zinc phytotoxicity in most leaf vegetables occurs when
zinc accumulated to an average tissues concentration of
500mg/kg. This is far from the concentrations of zinc found in
these vegetables.
The percentage metal uptake was the basic parameters used to
assess human exposure to heavy metal through the food chain
(Uwah et al., 2009) [48]. The parameters quantify the relative
differences in bioavailability of soil metal to plant and
translocation within plant, which is the function of both soil
and plant properties.Zinc which is common micronutrients for
the plants were found as mostly absorbed in the leaf and root
tissues of the vegetables. The quantity absorbed by plants
where highest in the vegetables sampled at umungasi market
and their distribution was uniformed in the both species.
The present study carried out on the plant samples revealed
the presence of medicinally active constituents. Alkaloids,
flavonoids, saponins and tannins are present in both
qualitative and quantitative analysis of phytochemical
constituents.
Tannins were not detected in Telfairia occidentalis sampled in
both new market and umungasi market. Saponins were the
highest in both vegetables (Telfairia occidentalis and Talinum
triangulare) and umungasi recorded the highest i.e. 5.23 ±
0.30mg/100g and 8.01 ± 0.20mg/100g respectively. Then new
market followed with 4.28 ± 0.10mg/100g and 6.11 ±
0.10mg/100g respectively.Other parameters detected are
alkaloids, flavonoids while tannins were not detected in
Telfairia occidentalis but detected in Talinum triangulare.
Below is the order of detection;
Saponins > Flavonoids > Alkaloids; Saponins > Flavonoids >
Alkaloids in Telfairia occidentalis sampled in both market.
For Talinum triangulare, it follows the same trend like that of
Telfairia occidentalis only that tannins were present.
Saponins are largely found in plants or vegetables and most

plants that contain saponins can be detrimental and even toxic
to animals, they are considered especially beneficial to the
digestive, cardiovascular, and immune systems of humans.
Ingesting saponins has been linked with a decrease in overall
blood cholesterol and it is thought that they can contribute
significantly to the prevention of arteriosclerosis. Saponins
have been used in the treatment of a number of cardiovascular
disorders and conditions, including varicose veins and
thrombosis. Saponins aid the absorption of minerals such as
calcium and silicon and to facilitate and ease the process of
digestion in general and also contribute to the health
efficiency of the immune system by binding to germs and
other pathogens as they enter the body. In this scene, they
function as natural antibodies (Michelle, 2013).
Flavonoids are a prominent group of secondary metabolites in
vegetables that may possess biological activity and have
beneficial effects on human health as antimicrobial, anti
inflammatory, anti-diabetic, anti-cholesterolemic, antioxidant
and anti-cancer agents (Vanamala et al., 2006; Huang and
HO, 2010; Le et al., 2007) [19]. Flavonoids are reported to
possess strong free radical scavenging activities based on their
ability to act as hydrogen or electron donors and chelate
transition metals (Hseu et al., 2008).
Most of the known functions of alkaloids are related to
protection. For example, aporphine alkaloid produced by some
plant protects it from parasitic mushrooms. Alkaloids such as
serotonin, dopamine and histamine are important neuro
transmitters in animals and also regulate plant growth (Hesse,
2009).
Alkaloids have been reported as one of the important group of
phytoconstituents obtained from natural sources. It plays an
important role in the ecology of organisms which synthesize
them.They belong to β-carboline groups possess antimicrobial
and anti-parasiticity activities (Bouayad et al., 2011).
Alkaloids present in a plant shows that the plant can be
effective anti malaria, since alkaloids consist of quinine which
is an anti-malaria (Robinson, 1985) [43].
Tannins are water soluble polyphenols that are present in
many plant foods. However, food rich in tannins are
considered to be of low nutritional value because it inhibits
the efficiency of concerting the obsorbed nutrients to new
body substances.Incidences of certain cancer have been
reported to be related to consumption of tannins rich food. Tea
polyphenols and many tannins components were suggested to
be anti-carcinogenic and many tannin molecules have also
been shown to reduce the mutagenic activity of a number of
mutagens. Many carcinogens and/or mutagens produce
oxygen free radicals for interaction with cellular
macromolecules (Weiburger et al., 1999).
The anti-carcinogenic and anti-mutagenic potentials of tannins
may be related to their anti-oxidative property which is
important in protecting cellular oxidative damage, including
lipid per oxidation. The generation of superoxide radicals was
reported to be inhibited by tannins and related compounds
(Huang et al., 1985).
Conclusion
Heavy metal concentration in the vegetables studied may not
present potential public health hazard. This is because the
average amount of vegetables consumed by day by a person in
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most of the developing country in Africa is less than the
international daily average of 50g for leafy vegetables (Itanna,
2003). It is because of this, that the intake of heavy metals
from plant food constitutes much less than the theoretical
maximum daily intakes which are used to express the
exposure of consumers and associated health risk.
References
1. Ajewole K. Analysis of the nutritive elements in some
Nigerian leafy vegetables. Proceedings: 23rd Annual
NIFST Conference, 1999, 25-27.
2. Akoroda MO. Ethnobotany of Telfairia occidentalis
Cucurbitaceae among Igbos of Nigeria. Econ. Bot., 1990;
44:29-30.
3. Allen LH. Supplement: Forging Effective Strategies to
combat Iron Deficiency, Journal of Nutrition, The
American Society for Nutritional Sciences, 2002;
132:8135-8195.
4. Alloway BJ, BE Davies. Heavy metal content of plants
growing on soil contaminated by lead mining. J. Agric.
Sci. Cambridge, 1971; 76:321-323.
5. Ames BM. Dietary Carcinogens and Anticarcinogens:
Oxygen Radicals and Degenerative Diseases. Science,
1983; 222:1256-1263.
6. AOAC. Official methods of Analysis 14th edition.
Association of Official Analytical Chemists. Washington
D.C, 1984.
7. Buchannan BB, Gruissem W, Jones RC. Biochemistry
and molecular Biology of plants. 1st Edition. I.K
International Pvt. Limited Indian, 2000, 1158-1230.
8. Das K, RKS Tiwari, DK Shrivastava. J. Med. Plant Res.
2010; 4(2):104-111.
9. Davies BE, White HM. Trace elements in vegetables
grown on soils contaminated by base metal mining.
Journal
of
plant
nutrition,
2,
387-395.
http://dx.doi.org/10.1080/01904168109362846, 1981.
10. Dhellot JR, Matouba E, Maloumbi MG, Nzikou JM,
Safou Ngoma DG, Linder M, Desobry S, Parmentier M.
Extraction, Chemical Composition and Nutritional
characterization of vegetable oils: case of Amaranthus
hybridus var1 and 2 of Congo Brazzaville. African
Journal of Biotechnology. 2006; 5(11):1095-1101.
11. Dube A, Zbytniewski R, Kowalkowski T, Cukrowska E,
Buszewski B. Adsorption and migration of heavy metals
in soil. Polish J. Environ. Studies. 2001; 10(1):1-10.
12. Duruibe JO, Ogwuegbu MOC, Egwurucywu JN. Heavy
metal pollution and human biotoxic effects. International
Journal of physical sciences, 2007; 2:112-118.
13. Ezekwe MO, SA Bsong, PE Igbokwe. Beneficial
Influence of purslane and waterleaf supplement to
Human, FASEB J., 2001; 16:A639.
14. Ferner DJ. Toxicity, heavy metals. eMed. J. 2001; 2(5):1.
15. Fosmire GJ. Zinc toxicity. Am. J. Clin. Nutr. 1990;
51(2):225-227.
16. Gundermann D, Hutchinson T. Changes in soil chemistry
20 years after the closure of a nickel-copper smelter near
Sudbury, Ontario, Canada, Journal of Geochemical
Exploration.
http://dx.doi.org/10/1016/0375-6742(94)
00026-8, 1995; 52(1-2):231-236.
17. Gupta UC, SC Gupta. Trace elements toxicity

18.
19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.
33.

34.
35.

relationships to crop production and livestock and human:
implication for management communication in soil
science and plant Analysis, 1998; 29:1491-1522.
Harbone JB. Phytochemical methods chapman and Hall
London, 1973, 10-23.
Huang YS, Ho SC. Polymethoxy flavanones are
responsible for anti-inflammatory activity of Citrus fruit
peel. Food chem., Article|pdf 595 | view records in
scopus, 2010; 119:868-873.
INECAR. Institute of Environmental Conversation and
Research. Position paper against Mining in Rapu-Rapu,
published by INECAR, Ateneo de Naga University,
Philippines. www.adnu.edu.ph/institutes/inecar/pospaper
1.asp, 2000.
Itanna F. Metal in leafy vegetables grown in Addis Ababa
and toxicological implications. Ethiopian Journal of
Health Development. 2002; 16(3):295-305.
Juste C, Mench H. Longterm application of sewage
sludge and its effects on metal uptake by crops in:
Biogeochemistry of trace metals D.C Adriano eds CRC
Press Boca Ratron, 1992, 158-194.
Ladeji O, Okoye ZS, Ojobe T. Chemical evaluation of the
nutritive value of leaf of fluted pumpkin Telfairia
occidentalis. Food Chem, 1995; 53:353-355.
Lalitha TP, Jayanthi P. Asian J. Plant Sci. Res. 2012;
2(2):115-122.
Loan SC, Constantin T, Mihai DB, Sorana, J. Lorentz.
Analysis of soil heavy metal pollution and pattern in
central Transylvania. Int. J. Mol. Sci., 2008; 9:434-453.
Longe OG, Farimu GO, Fetuga BL. Nutritional value of
fluted pumpkin, Journal of Agricultural and food
chemistry, 1983; 31:989-992.
Mapandu F, Mangwayana EN, Nyamangara J, Giller KE.
The effect of long-term irrigation using waste water on
heavy metal contents of soils under vegetables in Harare,
Zimbabwe. Agricultural, Ecosystems and Environment,
2005; 107:151-165.
McBride MB. Toxic metals in sewage sludge-amended
soils: has promotion of beneficial use discounted the risk?
Advance Environ. Res., 2003; 8:5-19.
McCluggage D. Heavy metal poisoning, NCS magazine,
published by the Bird hospital, Co. USA.
www.cockatiels.org/articles/Diseases/metals.html, 1991.
McLaughlin MJ, DR Parker, JM Clarke. Metals and
Micronutrients. Food safety issues field crop research,
1999; 60:142-163.
NIS. Nigerian Industrial Standard. Standard for white
bread. Approved by standard Organization of Nigeria,
2004.
Nolan K. Copper toxicity syndrome, J. Orthomol.
Psychiatry. 2003; 12(14):270-282.
Nwanna Esther Emem et al. Antioxidant and
Hepatoprotective properties of Telfairia occidentalis leaf
fluted pumpkin. Thesis and Dissertations Biochemistry:
n.pag.
Web
17
Nov.
2013.
<http://dspace.futa.edu.ng.8080/jspui/handle/123456789/
587, 2008.
Oakenfu D. Saponins in food-A review. Food Chemistry,
1981; 6:19-40.
Obadoni BO, Ochuko PO. Phytochemical studies and
83

European Journal of Biotechnology and Bioscience

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

comparative efficacy of the crude extracts of some
homeostatic plants in Delta State of Nigeria. Global
Journal pure and applied sciences, 2001; 8:203-208.
Okaka JC, Akobundu EN, Okaka AN. Food and Human
nutrition; an integrated Approach. 1st Edition. OJC
Academic publishers Enugu. Nigeria, 2006, 250.
Okwu DE. Phytochemicals, vitamins and mineral content
of two Nigeria medicinal plants. International Journal of
molecular and Advance science. 2005; 1(4):375-381.
Onwuka GI. Food Analysis and Instrumentation, theory
and practical. 1st Edition Naphtha prints Lagos Nigeria,
2005, 89-98.
Onyeike EN, Anyalogu EO. Techniques of proximate
analysis of food and food products. In. E.N. and Osuji
J.O. ed. Research Techniques in biological and chemical
sciences. Springfield Publishers, Limited. Owerri,
Nigeria, 2003, 156-173.
Oyolu C. Relatively unknown vegetables: Fluted
pumpkin Telfairia occidentalis. Proceedings: 1st Annual
Conference of Horticultural Society of Nigeria Nihort,
Ibadan, Nigeria, 1978.
Reilly C. Metal Concentration of food. London; Applied
Science publishing, 1980.
Robinson T. The Biochemistry of Alkaloids. Molecular
Biology, Biochemistry, Biophysics – 2nd Edition vol. 3
Kleinzeller A., Springer G. and Whittman H.C. Eds.
Springer, Ben, 1981, 300-307.
Robinson T. The Organic Constituents of Higher Plants.
Their Chemistry and Interrelationships. 3rd Edition
Corcleus press, North Amherst Mass, 1985; 6:430-435.
Schippers RR. African Indigenous vegetables. An
overview of the cultivated species, NRI/ACP, Eu,
Chatten, UK, 2000.
Stampfer MJ, Rimm EB. Vitamin Consumption and the
Risk of Coronary Disease in Women. New England
Journal of Medicine, 1993; 328:1444-1449.
Thompson HC, Kelly WC. Vegetable crops. 5th Ed. New
Delhi: Mac Graw Hill Publishing Company Ltd, 1990,
120-125.
Tiwari PB, Kumar M, Kaur G, Kaur H, Kaur. Int. Pharm.
Sciencia, 2011; 1:98-106.
Uwah EI, Ndah NP, Ogubuaja VO. Study of the levels of
some Agricultural Pollutants in soils and waterleaf
Talinum triangulare obtained in Maiduguri, Nigerian
Journal of Applied Science in Environmental sanitation.
2009; 4(2):71-78.
Vahter M, Ljung K. Time to re-evaluate the guideline
value for Manganese in drinking water: Environ Health
perspect, http://dx.doi.org/10.1289/ehp.10316, 2007;
115(11): 1533-1538.
Vousta DA, Grimanis, Samara C. Trace elements in
vegetables grown in an Industrial area in relation to soil
and air particulate matter. Environmental Pollution,
http://dx.doi.org/10.1016/s0269-7491(96)00088-7, 1996;
94(3):325-335.
Weigert P. Metal loads of food of vegetable origin
including mushrooms. In: Merian E. ed. Metals and their
compounds in the environment: Occurrence, Analysis and
Biological Relevance Weinheim. VCH, 1991, 458-468.
Yoon KP. Construction and Characterization of multiple

heavy metal - resistant phenol-degrading Pseudomonads
Strains.J. Micro-Biotech. 2003; 13(6):1001-1007.
53. Zou YP, Wei DZ. Antioxidant activity of a flavonoid.
Rich extract of hypericum perforatum L. in vitro. Journal
of Agriculture and food chemistry, 2004; 52:5032-5039.

84

