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Abstract

Minerals are natural inorganic substances that possess definite chemical composition and atomic structure.
Nearly five percent of the body is composed of inorganic materials, the minerals. Minerals do not serve as a
source of energy for the body but have specific chemical functions. For this purpose, mineral content of some
plant foods found in Nigeria were critically reviewed. The plant foods were classified into legumes (Vigna
unguiculata, Cucurbitaceae, vigna subterranean, Arachis hypogeal, Glycine max, Phaseolus coccineus, Cajanus
cajan, Kerstingiella geocarpa, Phaseolus vulgaris L., Phaseolus lunatus and Prosopis Africana); cereals (Zea
mays, Sorghum bicolor, Pennisetum typhoides and Oryza sativa); roots and tubers (Dioscorea spp, Manihot
esculanta, Xanthosoma sagititolium and Ipomoea batatas L.); fruits/vegetables/nuts (Musa spp, Psidium
guajava, Carica papaya, Citrus sinensis, Ananus comosus, Malaudo mistica, Anarcardium occidentale, Veronia
amygdalina L. and Dacryodes edulis). Atomic absorption spectrophotometric (AAS) method is used for the
minerals determination except sodium and potassium which are usually determined using flame photometry
while phosphorus is by using colorimetry. The mineral contents were found to be at the range of concentrations
as Ca: 0.003 — 700.00, Mg: 0.0546 — 1420.10, Na: 0.0065 — 220.00, K: 0.010 — 817.40, P: 0.0130 — 5500.00 and
Fe: 0.0067 — 36.00 mg/100g for legumes; Ca: 0.13 — 8490.00, Mg: 0.006 — 4571.00, Na: 0.019 — 375.69, K: 0.63
—39856.00, P: 3.54 — 695.50 and Fe: 0.0005 — 1304.00 mg/100g for fruits/vegetables/nuts; Ca: 1.05 — 290.00,
Mg: 0.49 — 415.07, Na: 0.18 — 1365.05, K: 0.50 — 4276.04, P: 0.28 — 120.00 and Fe: 0.53 — 81.85 mg/100g for
roots and tubers and Ca: 0.005 — 532.00, Mg: 1.54 — 348.30, Na: 0.006 — 520.00, K: 0.011 - 618.00, P: 73.00 —
46.30 mg/100g for cereals. Microelement concentrations of the foods varied appreciably. Zinc content was
highest in Vigna unguiculata, Psidium guajava, Manihot esculanta and Zea mays with values of 162.00,
2209.00, 340.00 and 16.70 mg/100g, respectively. Legumes and fruits/vegetables/nuts are seen to be better
sources of mineral than foods in the category of roots, tubers and cereals.

Keywords: Legumes, cereals, fruits, vegetables, snuts, roots, tubers, minerals.

1. Introduction

Minerals are natural inorganic substances that possess definite chemical composition and atomic structure, and
nearly five percent of human body is composed of inorganic materials, the minerals (Aremu et al., 20053,
Cornelis and Halbut, 1985). They are present in all body tissues and fluids and their presence is necessary for the
maintenance of certain physicochemical processes which are essential to life. Minerals are chemical constituents
used by the body in many ways. Although they yield no energy, they have important roles to play in many
activities in the body (Malhotra, 1998, Eruvbetine, 2003). Every form of living matter requires these inorganic
elements or minerals for their normal life processes though some of these elements cause a health hazard when
foods containing them are ingested (Aremu et al., 2005b, Ozcan, 2003). Most minerals are obtained as inorganic
ions, except for nitrogen (N) and sulphur (S), which are obtained predominantly as components of amino acids
and other organic molecules, or for phosphorus (P), which is obtained in nucleotides, nucleic acids and phosphor
lipids (Micheal, 2003).

Minerals may be broadly classified as macro (major) or micro (trace) elements. The third category is the ultra
trace elements. The macro-minerals include calcium, phosphorus, sodium and chloride, while the micro-
elements include iron, copper, cobalt, potassium, magnesium, iodine, zinc, manganese, molybdenum, fluoride,
chromium, selenium and sulfur (Eruvbetine, 2003). The macro-minerals are required in amounts greater than 100
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mg/dL and the micro-minerals are required in amounts less than 100 mg/dL (Murray et al., 2000). The ultra trace
elements include boron, silicon, arsenic and nickel which have been found in animals and are believed to be
essential for these animals. Evidence for requirements and essentialness of others like cadmium, lead, tin, lithium
and vanadium is weak (Albion Research Notes, 1996).

Good nutrition is a basic human right. In order to have a healthy population that can promote development, the
relation between food, nutrition and health should be reinforced. In developing countries, one of the ways of
achieving this is through the exploitation of available local resources, in order to satisfy the needs of the
increasing population. The mineral elements are separate entities from the other essential nutrients like proteins,
fats, carbohydrates, and vitamins (Hegsted et al., 1976). In this century, biological assay methods clarified the
significance and importance of mineral elements for human and animal nutrition and modern analytical
techniques led to the detection of trace elements as essential nutrients and this is still an active area of current
research.

Micronutrient deficiencies are a major public health problem in many developing countries, with infants and
pregnant women especially at risk (Batra and Seth, 2002). Infants deserve extra concern because they need
adequate micronutrients to maintain normal growth and development (Rush, 2000). The micronutrient
deficiencies which are of greatest public health significance are iron deficiency, causing varying degrees of
impairment in cognitive performance, lowered work capacity, lowered immunity to infections, pregnancy
complications e.g. babies with low birth weight, poor learning capacity and reduced psychomotor skills (Batra
and Seth, 2002). Medical reports show that very severe anaemia is a direct cause of maternal and child mortality
(Chakravarty and Ghosh, 2000). There have been suggestions that more than anything else, lack of adequate
information about the composition of varied feed resources in some regions have been the major drawback to
their utilization, rather than real shortage (Aletor and Omodara, 1994). For instance, there is very limited
information on the mineral elements in some plants used as human food and animal feeds consumed in Nigeria,
especially the newly introduced varieties of diets and the lesser known legumes. Some of the earlier information
on mineral elements was based on analysis employing less sensitive methods, which may not be reliable (Seotan
et al., 2010; Aremu et al., 2010).

Minerals are critical in the regulation of a number of cell membrane, permeability, muscles contraction, heart
function, blood clothing, protein synthesizing and red blood synthesis (Aremu et al., 2005a, Hendricks, 2002).
For examples, calcium in conjunction with phosphorus, magnesium, manganese, vitamin A, C and D, chloride
and protein, are all involved in bone formation (Fleck, 1976). Calcium is also important in blood clotting, muscle
contraction and in certain enzymes metabolic processes (Aremu et al., 2005a). Magnesium is an activator of
many enzyme systems and maintains the electrical potential in nerves (Shills, 1973). Phosphorus assists calcium
in many body reactions although it also has independent function (Fleck, 1976). Sodium and potassium are
required to maintain osmotic balance of the body fluids, pH of the body, regulate muscle and nerve irritability
and control of glucose absorption (Shills, 1973, Pike and Brown, 1967). Iron is reported to be very important for
normal functioning of the central nerve system (Vyas and Changra, 1984). Iron also facilitates the oxidation of
carbohydrates, proteins and fats (Aremu et al., 2005a). Zinc is present in all tissues of the body and it is a
component of more than fifty enzymes. Consumption of meat (or other animal products) with vegetables
enhances the absorption of both iron and zinc (Bender, 1992).

There has been an increase in consumption of cereals (e.g. rice, guinea corn, millet and maize); roots and steam
tubers (e.g. yam, cassava, potato, etc) and fruits (e.g. pawpaw, guava, banana, etc) in Nigeria. The reason is due
to the fact that they are grown locally and are easily affordable. Some tribes in Nigeria are used to a particular
types of food material that they only vary the cooking procedures and eat it many times a day. Thus, yam can be
eaten as boiled yam in the morning, prepared yam flour called ‘amala’ in Yoruba land in the afternoon and as
pounded yam in the evening. In these varied forms, yam can be eaten three times a day for several days. This
practice can result in high dietary intake for some minerals and low intake for another. In recent years, poor
economy in Nigeria has contributed immensely to the poor consumption of animal products hence, some people
particularly the low-income earners rely mainly on minerals obtained from plant materials (Oluyemi et al., 2005,
Adewusi et al., 1999; Aremu et al., 2009).

2. Mineral Content in Plant Foods

Minerals do not serve as a source of energy for the body but have specific chemical function (Crossby, 1977). To
date, nutritional scientists have identified sixteen minerals that are essential to maintain good health and promote
proper metabolism and other functions primarily as structural elements (in teeth, muscles, haemoglobin and
thyroid hormones) (Bran and Allan, 1975). Cereals, root and steam tubers, vegetables and fruits have been
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shown to contain such elements as Na, K, Ca, Zn, Cu, Fe, Cl, etc which are considered quite essential for proper
health and growth of human. They are needed in balanced diets like essential amino acid (Health and Welfare,
1982). Most of these elements are important part of enzymes. It has been reported that deficiency of essential
minerals usually leads to skeletal deformities, growth retardation and other ill health conditions (Sandstead,
1975). Studies on metals have revealed their functions in plants and animals which include their role in osmotic
regulations of the body fluids, enhance growth, ensure healthy crops and animals, act as coenzyme and
information of chlorophyll.

3. Methods of Analysis for the Minerals

Mineral elements in plant and soil samples are essentially estimated by colorimetric procedure according to the
method described by Sandell (1959). The wet-ashing procedure of Gorsuch (1959) using nitric acid, perchloric
acid and sulphuric acid in the ratio of 3:2:1 is usually employed for the digestion of the food samples. Processing
of samples of foods and water for mineral analysis is carried out in a dust-free room to avoid contamination,
using distilled deionized water for all dilutions (Rao and Rao, 1981). Appropriate blanks are also included along
with the samples and trace elements are estimated in the samples using an atomic absorption spectrophotometer.
Internationally approved standards are also run along with the samples to be analysed to check the results
obtained. Studying the chemical composition of plants provide clues about their nutritional requirements
(Roberts, 1985).

4, Mineral Content of some Nigerian Plant Foods

The mineral compositions in mg/100g of some legumes grown in Nigeria are presented in Tables 1la&b. The
abundant minerals in the reviewed samples were phosphorus and magnesium with values ranging from 0.013 —
5500.00 mg/100g and 0.0644 — 1240.10 mg/100g respectively. These followed by potassium (0.010 — 817.40
mg/100g) and calcium (0.003 — 700.00 mg/100g) while the least concentrated mineral was manganese (0.0010 —
36.20 mg/100g). The values in mg/100g sample of other essential minerals in the legumes samples were; sodium
ranged between 0.0069 to 208.00 mg/100g sample, zinc (0.0074 — 162.00 mg/100g), iron (0.0067 — 80.00
mg/100g) and copper (0.0001 — 57.00 mg/100g). Calcium functions as a constituent of bones and teeth,
regulation of nerve and muscle function. In blood coagulation, calcium activates the conversion of prothrombin
to thrombin and also takes part in milk clotting. It plays a vital role in enzyme activation. Calcium activates large
number of enzymes such as adenosine triphosphatase (ATPase), succinic dehydrogenase, lipase, etc (Seotan et
al., 2010). Phosphorus is located in every cell of the body and is vitally concerned with many metabolic
processes, including those involving the buffers in the body fluids (Hays and Swenan, 1985). It functions as a
constituent of bones, teeth, adenosine triphosphate (ATP), phosphorylated metabolic intermediates and nucleic
acids. It serves buffering action, that is, phosphate buffers, functions in the formation of high energy compounds,
that is, ATP and is involved in the synthesis of phospholipids and phosphoproteins (Murray et al., 2000).
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Table 1a: Mineral Composition (mg/100g) of some legumes found in Nigeria
Legumes Na Mg Ca K P Fe Cu Zn Mn Ca/P Na/K K/(Ca+Mg) Authors
Cowpea 0.51 8.67 1953 17.68 - 1.04 - 0.34 - - 0.03 0.63 Owolabi et al., 2012
(Vigna unguiculata) 041  9.00 17.15 18.69 - 0.48 - 0.43 - - 0.02 0.71 Owolabi et al., 2012
- 128.54 582.00 - 64500 4.60  6.13 - - 0.90 - - Chinma et al., 2008
- 136.40 424.00 - 539.00 4.82  6.00 - - 0.79 - - Chinma et al., 2008
- 142.00 471.00 - 44505 400 593 - - 1.06 - - Chinma et al., 2008
- 145.12 545.00 - 463.00 445 555 - - 1.18 - - Chinma et al., 2008
6.90 6770 59.40 3570  8.30 550 030 570 120 7.16 0.19 0.28 Aremu et al., 2006a
650 5460 66.40 4040 13.00 670 030 600 120 511 0.16 0.33 Aremu et al., 2006a
12000 9500 44.00 100.00 2940.00 80.00 57.00 16200 ND 001 1.20 0.72 Arawande and
Borokini, 2010
3.81 1.89 1.63 4.00 - 0.59 0.53 2.01 1.12 - 0.95 1.14 Oluyemi et al., 2005
533 324 303 512 - 114 097 308  3.04 - 1.04 0.82 Oluyemi et al., 2005
0.0065 0.0546 0.0664 0.0405 0.0130 0.0067 0.0003 0.0012 0.0012 5.10 0.16 0.33 Aremu et al., 2006b
197.70 375.00 21430 25870 3670 290 043 1813 023 584 0.76 0.44 Aremu et al., 2005a
Melon (Cucurbitaceae) 175 110 190 285 : 040 010 031 002 - 061 0.95 ?Okg’gmba“g etal,
185 105 165 275 - 010 010 031  0.02 - 067 1.02 ?Okggmbang etal,
271 591 059 215 - 111 026 075 ND - 1.26 0.33 Fagbohun et al., 2011
1.85 115 179 280 - 010 010 033  0.02 - 0.66 0.95 Jackson et al., 2013
1.75 110 190 265 - 011 010 030  0.02 - 0.66 0.88 Jackson et al., 2013
1.78 675 080 251 - 132 006 049 ND - 0.71 0.33 Lawal, 2011
618 521 099 528 - 123 193 364 207 - 1.17 0.85 Oluyemi et al., 2005
1300 3140 2820 96.10 12530 1.30 040 120 170 023 0.4 1.16 Ojieh et al., 2008
Bambara groundnut (Vigna 740 5730 60.20 33.50 - 5.90 0.12 5.30 1.80 - 0.22 0.29 Aremu et al., 2006¢
subterranea) 1060 5800 63.80 42.70 - 470 012 390 230 - 0.25 0.35 Aremu et al., 2006¢
7.40 5730 6020 3350 3250 590 010 530 180 1.85 022 0.29 Aremu et al., 2006a
1060 5800 6380 4270 2650 470 010 390 230 241 0.25 0.35 Aremu et al., 2006a
208.00 509.00 524.00 431.70 7230 550 034 397 360 725 048 0.42 Aremu et al., 2005a
6.20 800 8550 237.33 743 457 125 236 196 1151 0.03 2.54 Ujowundu, 2013
8.67 360.00 700.00 21000 7.98 698 098 122 548 87.72 004 0.20 Abiodu and Adepeju,

2011
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215 180.00 350.00 120.00 474 263 023 055 1.80 73.84 0.02 0.23 zAé’l"id“ and Adepeju,
- - ; ; ; 830 190 270  2.60 ; ; ; Aremu et al., 2006d
ND = Not detected; — = not available
Table 1b: Mineral Composition (mg/100g) of some legumes found in Nigeria
Legumes Na Mg Ca K P Fe Cu Zn Mn Ca/P Na/K (Calf{\/lg) Authors
Groundnut 4200 398 228 70511 1055  6.97 - 3.20 ; 033 006 11264 Atasieetal 2009
(Arachis hypogeal) | . L2
479 356 071 435 - 034 059 196 111 - 110 102  Oluyemietal, 2005
0.007 - 0.003  0.010 - 0217 - 0132 0006 - 070 - Ebirien et al., 2011
- 350.00 76.00 13580 10652 310 190 500 150 071 - 032  Badauetal, 2013
S(gigﬁznmax) - 1730 17.50 - 119330 930 110 840 006 002 - - Odumodu, 2010
960 742 845 945 ; 111 086 407 252 - 102 060  Oluyemietal, 2005
10.00 320.00 260.00 192.00 75000 700 ND ND ND 035 005 033 'kechukwuand Madu, 2010
Scarlet runner bean 0.0084 00644 00595 00377 00950 00103 00003 0.0074 00010 063 022 030 Aremuetal,2006b
(Phaseolus coccineus) | b
00099 00665 00605 00367 00831 00115 00001 00083 00016 073 027 029  Aremuetal, 2006
Pigeon pea 22000 15500 65.00 141.00 550000 36.00 56.00 15400 ND 0012 1.56 0.64  Arawande and Borokini, 2010
(Cajanus cajan)
Kersting’s groundnut 1340 6240 6650 4350 3400 550 020 650 130 1.96 031 034  Aremuetal,2006a
(Kerstingiella geocarpa)
Red kidney bean 3300 82090 5490 1450 370 1150 070 270 170 1500 230 002  Auduand Aremu, 2011
(Phaseolus vulgaris L.)
Liman bean 18240 11150 9530 81740 ND 320 103 329 326 - 022 395 KechukwuandMadu, 2010
(Phaseolus lunatus)
Mesquite bean 11070 142010 36250 617.50 19640 1550 4620 2240 3620 376 018 035  Aremuetal,2007a
(Prosopis africana)
Pinto bean 2200 78970 6290  8.30 420 1330 1.00 380 290 15.00 2.70 - Audu and Aremu, 2011b

(Phaseolus vulgaris L.)

77


http://www.iiste.org/

Food Science and Quality Management Www.iiste.org

ISSN 2224-6088 (Paper) ISSN 2225-0557 (Online) g
\ol.29, 2014 ||STE
Black turtle bean Audu et al., 2013

. 2460 600.10 49.10 14.10 2.40 1050  0.30 1.40 090 2050 1.80 -
(Phaseolus vulgaris L.)

ND = Not detected; — = not available
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Tables 2a&b present the mineral content of some fruits/vegetables/nuts which are eaten as complements. Potassium
is found to be the most abundant with a level as high as 39856.00 mg/100g in banana (Musa spp) and as low as 0.63
mg/100g in guava (Psidium guajava). Pawpaw (Carica papaya) has the highest content of calcium and magnesium
followed by orange (Citrus sinensis), guava (Psidium guajava), pineapple (Ananuscomosus) and apple
(Malaudomistica), while bitter leaf (Veronia amygdalina L.) has the least content of calcium and magnesium. Apple
(Malaudomistica) has the highest amount of iron and zinc, followed by guava (Psidium guajava) and orange (Citrus
sinensis) and the other samples contain relatively minute quantities for iron and zinc. Cashew nut (Anarcardium
occidentale) contains the highest amount of sodium ranged between 0.015 to 280.00 mg/100g.

Sodium is the principal cation in extracellular fluids. It regulate plasma volume and acid — base balance, involved in
the maintenance of osmotic pressure of the body fluids, preserves normal irritability of muscle function and
involved in Na'/K* - ATPase, maintenance of membrane potentials, transmission of nerve impulses and the
absorptive processes of monosaccharide, amino acids, pyrimidines and bile salts. The changes in osmotic pressure
are largely dependent on sodium concentration (Malhotra, 1998, Murray et al., 2000, Hays and Swenson, 1985).
Potassium is vital in intracellular fluids and functions in acid — base balance, regulation of osmotic pressure,
conduction of nerve impulse, muscle contraction particularly the cardiac muscle, cell membrane function and
Na‘/K* - ATPase. It is also required during glycogenesis, and helps in the transfer of phosphate from ATP to
pyruvic acidand probably has a role in many other basic cellular enzymatic reaction (Seotan et al., 2010).
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Table 2a: Mineral Composition (mg/100g) of some fruits/vegetables/nuts found in Nigeria
Fruits/Vegetable/Nuts Na Mg Ca K P Fe Cu Zn Mn Ca/P Na/K K/(Ca+tMg) Authors
Banana (Musa spp) 24.30 - 19.20 78.10 - 0.61 - - 76.20 - 0.31 - Anhwange et al., 2009
- 4571.00 724.00 38005.00 - 86.00 - 45.00 - - - - Ozioma et al., 2013
0.80 0.35 0.47 0.85 - 0.29 0.01 0.07 0.01 - 0.94 1.04 Oluyemi et al., 2005
280.00 18.00  135.00 40.00 151.67 14.00 - - - 0.89 7.00 0.26 Adolu and Enesi, 2013
- 5.00 1.60  39856.00 - 52.00 - 48.00 - - - 6038.79 Onibon et al., 2007
- 45.50 - - - 1.09 0.16 111 - - - - Falade et al., 2005
0.86 10.20 5.38 8.76 59.43 1.05 0.12 6.23 - 0.09 0.10 0.56 Makanjoula et al., 2013
1.24 5.05 4.57 7.14 35.61 121 0.11 3.75 - 0.13 0.17 0,74 Makanjoula et al., 2013
3.10 3.56 3.87 6.55 47.37 0.97 0.07 4.82 - 0.08 047 0.88 Makanjuola et al., 2013
Guava (Psidium guajava) 0.64 0.44 0.33 0.63 - 0.14 0.07 0.10  0.001 - 1.02 0.82 Oluyemi et al., 2005
- 1329.00 1456.00 8666.00 - 28.00 - 2209.00 - - - 3.11 Onibon et al., 2007
- 1567.00 1646.00 16618.00 - 240.00 - 6.00 - - - 5.7 Ozioma et al., 2013
0.019 0.018 - 3.950 - 0.001 - 0.001 - - 0.005 - Udeme et al., 2013
0.032  0.006 - 3.510 - 0.001 - 0.002 - - 0.009 - Udeme et al., 2013
Pawpaw (Carica papaya) - 4404.00 8490.00 35837.00 - 46.00 - 24.00 - - - 2.78 Ozioma et al., 2013
0.67 0.31 0.43 0.76 - 0.09 0.13 0.25  0.002 - 0.88 1.03 Oluyemi et al., 2005
- 2824.00 2964.00 4454.00 - 19.00 - 1.00 - - - 0.77 Onibon et al., 2007
0.022 0.011 - 1.13 - 0.0023 - 0.002 - - 0.02 - Udeme et al., 2013
0.028  0.006 - 1.86 - 0.0006 - 0.003 - - 0.02 - Udeme et al., 2013
Orange (Citrus sinensis) - 18.00 - - - 1.21 0.07 0.96 - - - - Falade et al., 2005
- 2010.00 3335.00 12636.00 - 119.00 - 35.00 - - - 2.36 Ozioma et al., 2013
- 85.00 93.00 2712.00 - 240.00 - 10.00 - - - 15.23 Onibon et al., 2007
0.021  0.043 - 2.89 - 0.0005 - 0.002 - - 0.007 - Udeme et al., 2013
0.015 0.010 - 3.15 - 0.001 - 0.002 - - 0.005 - Udeme et al., 2013
Pineapple - 2520.00 1645.00 26103.00 - 328.00 - 15.00 - - - 6.27 Ozioma et al., 2013
(Ananuscomosus) - 39.80 - - - 1.20 0.12 0.27 - - - - Falade et al., 2005
0.019 0.101 - 1.98 - 0.0007 - 0.0001 - - 0.01 - Udeme et al., 2013
0.022  0.060 - 1.00 - 0.0064 - 0.002 - - 0.02 - Udeme et al., 2013
Apple (Malaudomistica) - 2712.00 1865.00 28010.00 - 43.00 - 51.00 - - - 6.12 Ozioma et al., 2013
- 16.00 88.00  11440.00 - 1304.00 - 256.00 - - - 110.00 Onibon et al., 2007
Cashew nut 2280  36.40 21.90 38.20 18.60 0.80 0.40 0.80 1.60 118 0.60 0.66 Aremu et al., 2007b
(Anarcardium occidentale)  8.20 19.30 21.50 27.50 14.00 0.60 - 0.80 - 154 0.30 0.67 Akinhanmi et al., 2008
197.62 170.41 188.78 13231 6854  13.27 ND 1.70 1.02 275 150 0.37 Aletor et al., 2007
257.71 18058 220.87 25049 87.86 17.00 ND 5340 097 251 103 0.62 Aletor et al., 2007

ND = Not detected; — = not available
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Table 2b: Mineral Composition (mg/100g) of some fruits/vegetables/nuts found in Nigeria
. K/

Fruits/Vegetable/Nuts Na Mg Ca K P Fe Cu Zn Mn Ca/P Na/K (Ca+Mg) Authors
Bitter leaf (Veronia 277 638 2004 13.37 - 1269 - 132 - - 02 0.51 Omale and Ugwu, 2011
amygdalina L.)

25.52 - 300.11 43.34 44460 4.28 0.41 3.97 - 0.68 0.59 - Ibanga and Okon, 2009
35.44 - 32055 26.67 36741 641 037 324 - 087 1.33 - Ibanga and Okon, 2009
29.81  24.03 0.50 19.52 3.54 ND 062 081 039 014 153 0.80 Ajayi and Adesanwo, 2009
375.69 0.51 0.22 1.18 ND 1.53 6.37 0.86 8.97 - 31:'3 1.62 Onuegbu et al., 2011
African pear ]
(Dacryodes edulis) 16.02 2758 3401 4342 5936 428 004 316 - 057 037 0.70 Amadi et al., 2012
16.87 27.02 3385 4392 5891 419 005 3.60 - 057 0.38 0.72 Amadi et al., 2012
16.94 28.02 3501 43.68 51.12 4.20 0.04 3,01 - 0.68 0.38 0.69 Amadi et al., 2012
- 286.20 350.00 550.70 695.50 - - - - 0.50 - 0.87 Ngozi-Olehi, 2012
0.87 0.32 0.13 1.66 10.34  0.80 - 0.31 - 0.01 052 3.69 Isiuku et al., 2008
Okra . 88.00 83.60 170.60 108.50 9.50 3.60 30.90 1880 2270 18.60 0.80 0.43 Aremu et al., 2014
(Ablenioschus esculentus)
Bush mango 11350 17110 43150 161.00 4450 19.70 47.30 4.90 3350 9.70  0.70 0.26 Aremu et al., 2014

(Irvingia gabonensis)

ND = Not detected; — = not available
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Roots and tubers (Table 3) are consumed as main staple foods. They have lower concentration of mineral elements
when compared with legumes (Table 1a&b). They are mainly sources of carbohydrate in the body and usually with
lower protein content. To avoid malnutrition, they should be taken along with some complements such as melon,
fruits and vegetable that contain higher mineral contents. Among the cereals (Table 4), millet (Pennisetum
typhoides), guinea corn (Sorghum bicolor) and maize (Zea mays) have the highest mineral content. In fact, they are
commonly used as weaning food for babies (Asubiojo and Iskander, 1988; Aremu et al. 2011).

Magnesium is an active component of several enzyme systems in which thymine pyrophosphate is a cofactor.
Oxidative phosphorylation is greatly reduced in the absence of magnesium. It activates pyruvic acid carboxylase,
pyruvic acid oxidase, and the condensing enzyme for the reaction in the citric acid cycle. It is also a constituent of
bones, teeth, enzyme cofactor, etc (Murray et al., 2000). Copper is an essential micro- nutrient necessary for the
hoematologic and neurologic system (Tan et al., 2006). It is necessary for the growth and formation of bone,
formation of myelin sheaths in the nervous systems, helps in the incorporation of iron in haemoglobin, assists in the
absorption of iron from the gastrointestinal tract (GIT) and in the transfer of iron from tissues to the plasma
(Malhotra, 1998; Murray et al., 2000). Iron is an important constituent of succinate dehydrogenase as well as a part
of the haeme of haemolobin (Hb), myoglobin and the cytocromes. It is requires for proper myelination of spinal
cord and white matter of cerebellar folds in brain and is a cofactor for a number of enzymes involved in
neurotransmitter synthesis. It is also involved in synthesis and packaging of neurotransmitters, their uptake and
degradation into other iron- containing proteins which may directly or indirectly alter brain function (Larkin and
Rao, 1990, Beard, 2001). Zinc functions as a cofactor and is a constituent of many enzymes like lactate
dehydrogenase, DNA and RNA polymerase. Zinc dependent enzymes are involved in macronutrient metabolism
and cell replication (Arinola, 2008)[85]. Manganese is a part of enzymes involved in urea formation, pyruvate
metabolism and the galactotransferase of connective tissue biosynthesis (Chadra, 1990).
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Table 3: Mineral Composition (mg/100g) of some roots & tubers found in Nigeria
Roots & Tubers Na Mg Ca K P Fe Cu Zn Mn Ca/P Na/K K/ Authors
(Ca+Mg)
Yam 5.40 9.47  28.06 14533  43.82 - - 0.26 0.032 0.64 0.037 3.87 Afiukwa et al., 2013
(Dioscorea spp) 3.30 733 5611  104.00  45.00 - - 025 0.024 125 0.032 1.64  Afiukwaetal., 2013
0.18 0.49 1.80 0.50 0.28 - - - - 6.43  0.36 0.22 Okwu and Ndu, 2006
0.19 0.73 1.60 0.75 0.29 - - - - 552 0.25 0.32 Okwu and Ndu, 2006
0.22 0.85 1.80 1.00 0.36 - - - - 500 0.22 0.38 Okwu and Ndu, 2006
185.15 4590 132.02 209.13 54.00 8185 10.06 5.46 - 2.44  0.89 1.18 Alinnor and Akalezi, 2010
1.40 0.73 1.06 1.37 - 0.64 0.07 026 0.005 - 1.02 0.77 Oluyemi et al., 2005
Cassava 52.00  24.00 290.00 140.00 60.00 10.00 - 340.00 - 483 0.37 0.45 Ayodeji, 2005
(Manihot esculanta) 69.00  21.00 220.00 140.00 50.00 11.30 - 260.00 - 440 0.49 0.58 Ayodeji, 2005
76.00 11.00 120.00 200.00 70.00 10.20 - 220.00 -- 1.71  0.38 1.53 Ayodeji, 2005
65.00  48.00 200.00 150.00 60.00 10.50 - 210.00 - 333 043 0.60 Ayodeji, 2005
6.37 80.00 80.00 290.00 120.00 16.35 063 080 281 067 0.022 1.81 Adeniji et al., 2007
5.03 70.00 70.00 390.00 100.00 1840 046 0.60 282 0.70 0.013 2.79 Adeniji et al., 2007
4.69 90.00 70.00 350.00 100.00 11.73 109 0.85 245 0.70 0.013 2.19 Adeniji et al., 2007
1.10 0.61 1.05 1.48 - 0.53 0.034 0.082 0.05 - 0.74 0.89 Oluyemi et al., 2005
Cocoyam (Xanthosoma ~ 270.83  28.02 87.14 34532 36.00 59.07 6.72 1.30 - 242  0.78 3.00 Alinnor and Akalezi, 2010
sagititolium) 1365.05 313.70 190.93 3057.16 4439 828 052 249 ND 430 045 6.06  Njoku and Ohia, 2007
1297.89 31430 107.38 1737.48 4494 911 078  3.10 ND 239 075 4.12 Njoku and Ohia, 2007
1521.34 415.07 13243 427604 7221 866 104 263 013 183 0.36 7.81 Njoku and Ohia, 2007
277.60 - 51.70 111380 59.83  0.70 - 0.40 - 0.86 0.25 - Olayiwola et al., 2013
434.00 - 54.43 112550 63.40 0.91 - 0.44 - 0.86 0.39 - Olayiwola et al., 2013
260.00 - 56.30 1045.30 59.83  0.77 - 0.37 - 094 0.25 - Olayiwola et al., 2013
Sweet potatoes 4.23 340.00 28.44 4.50 3728 16.00 0.00 0.08 464 076 094 0.01 Antia et al., 2006
(Ipomoea batatas L.) - - 27.99 - - 8.82 - 0.09 - - - - Olayiwola et al., 2009
- - 20.33 - - 1.61 - 0.12 - - - - Olayiwola et al., 2009
28.00 3040 9040 11500  20.00 - - - - 452 0.24 0.95 Ukom et al., 2009
28.00 12.20 70.30  173.00 27.50 - - - - 256  0.16 2.10 Ukom et al., 2009
33.29 1220  50.20 203.00  20.10 - - - - 250 0.16 3.25 Ukom et al., 2009
23.00 1820  40.20  158.00  25.00 - - - - 1.61 0.15 2.71 Ukom et al., 2009
ND = Not detected; — = Not available
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Table 4: Mineral Composition (mg/100g) of some cereals found in Nigeria

Cereals Na Mg Ca K P Fe Cu Zn Mn Ca/P Na/K K/(Cat+Mg) Authors
Maize (Zea mays) 0.006 ] 0.005 0.011 - 0.232 - 0084 0007 - 006 - Ebirien et al., 2011
- 27.45 - 0.48 - 430 060 - ; ; - - Maloma et al., 2013
- 25.13 - 0.50 - 505  1.07 - ; ; - ; Maloma et al., 2013
- 32.10 - 0.42 - 3.60 0.83 - - - - - Maloma et al., 2013
- 24.80 - 1.02 - 462 055 ; ; - - ; Maloma et al., 2013
- 25.82 - 0.40 - 325  0.25 - ; ; - - Maloma et al., 2013
- 26.95 - 0.38 - 500  0.20 - ; ; - - Maloma et al., 2013
- 24.83 - 0.12 - 5.45 0.45 - - - - - Maloma et al., 2013
- 25.46 - 0.42 - 2.85 0.50 - - - - - Maloma et al., 2013
201 174 005 292 - 023 026 167  0.70 - 0.99 1.63 Falade et al., 2005
63.70 310.70 188.70 301.30 230.00 720 060 1670 3.30 082 021 6.03 Aremu et al., 2005a
520.00 120.00 2.00 510.00 280.00 200 038 500 016 0007 1.0 4.18 Aremu et al., 2005b
- - - - - 4.80 0.40 3.00 0.20 - - - Aremu et al., 2006d
- 7800 110 32800 231.00 240 029 180 048 0005 - 4.15 Badau et al., 2013
Guinea corn 187.70 34830 22670 24570 12400 215 060 1370 035 183 076 0.43 Aremu et al., 2005a
(Sorghum bicolor) 489 304 055 482 - 084 037 243 156 - 101 1.34 Oluyemi et al., 2005
- - - - - 3.10 1.00 4.90 1.00 - - - Aremu et al., 2006d
Millet 485 297 075 4.60 - 0.75 0.43 250  1.02 - 1.05 1.24 Oluyemi et al., 2005
(Pennisetum typhoides) 1510 183.00 299.00 618.00 32500 823 077 293 2330 092 0.02 1.28 Robert et al., 2008
1510 173.00 371.00 571.00 279.00 2600 079 268 3920 133 0.03 1.05 Robert et al., 2008
1430 167.00 532.00 432.00 223.00 2030 0.68 253 2500 239 0.3 0.62 Robert et al., 2008
Rice (Uryza sativa) 324 154 007 320 - 043 078 123 051 - 101 1.99 Oluyemi et al., 2005
- 67.00 80.00 - 73.00 46.30 - - - 1.10 - - Osaretin and Abosede, 2007
- 82.00 80.00 - 94.00 42.90 - - - 0.85 - - Osaretin and Abosede, 2007

ND = Not detected; — = Not available
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Modern diets that are rich in animal proteins and phosphorus may promote the loss of calcium in the urine
(Arrinola, 2008). This has led to the concept of the Ca/P ratio. If the Ca/P ratio is low (low calcium, high
phosphorus intake) more than the normal amount of calcium may be loose in the urine thereby decreasing the
calcium level in bones. Food is considered ‘good’ if the Ca/P ratio is above 1 and ‘poor’ if the ratio is less than
0.5, while the Ca/P ratio above 2 helps to increase the absorption of calcium in the small intestine (Aremu et al.,
2013, Nieman et al., 1992). Ca/P ratio of roots and tubers, and legumes reviewed are generally greater than 0.5,
indicating that they would serve as good sources of mineral for bone formation. The sodium to potassium ratio
of less than 1 is recommended for the prevention of high blood pressure (Nieman et al., 1992). Hence, most of
the legumes, roots and tubers, and fruits samples reviewed would probably reduce high blood pressure disease
because they had Na/K ratio of less than one. In order to prevent a disease known as hypomagnesaemia, the
milliequivalent of [K/(Ca+Mg)] in food sample must be less than 2.2 (Marten and Anderson, 1975). Therefore,
most of the legumes, fruits and cereals samples reviewed may not lead to hypomagnesaemia.

5. Conclusion

In view of the importance of these macro and micro minerals in the nutrition of human being and their metabolic
inter-relationships which influence other vital factors needed for the survival of living organisms like enzymes,
anti-oxidants, vitamins etc, it is important to regularly obtain up-to-date information on the mineral contents of
variously commonly consumed plant foods used for human foods e.g. legumes, cereals, fruits and vegetables.
This is because of the effects of chemicals like pesticides, herbicides, fertilizers on the mineral contents of the
soils where these plants are cultivated. Genetic, location and environmental factors could also influence the
levels of the mineral elements in plants.
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