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ABSTRACT

Nutritive value and Zn-bioavailability estimatiori the edible tropical cereals were investigatedhis study.
White and yellow maize @ mays), brown and white sorghunsgrghum bicolor (L). Moench), and yellow and brown
millet (Pennisetum glaucum) of the cereal samples were air-dried and milled powder. Subsequently, the samples were
analyzed for their proximate, mineral compositiord a&alculated [phytate]/[Zn], [Ca]/[(Phytate] an@d][Phytate]/[Zn]
molar ratios were used in predicting the effegploftate on zinc bioavailability.

The result revealed that brown sorghum was sigmifly higher P<0.05) in protein content (12.5 + 0.3%) while
yellow millet had the least value. Millet (yellome brown) had the highest carbohydrate contentlitha cereal grains
analyzed. Moreover, yellow maize (13.9# %) had the highest crude fat content whileteveorghum (5.5 + 0.3 %) had
the least. The macro-elements (Na, K, Mg and Cajerts of the cereals were significantly highek@.05) than the
micro-element (Fe, Zn, Pb, Cu and Ni). Furthermgetlow (58.1_+0.16 mg/g) and white (52.7 8:15 mg/g) maize had
the highest phytate content. The calculated [Calftie]/[Zn] molar ratios indicated that the phytatatents of the cereals
may reduce zinc bioavailability to a critical lev&oreover, values obtained in the present studygbytate][Zn] molar
ratios for the cereals were far above 15.0. Thé higjue of phytate content in the cereals is afcatobn of the critical
factor for the decrease in the bioavalability of However, cereals grains such as sorghum (Browh't&te and Yellow
maize) are good sources of minerals but low inginoyet with substantial nutritional value, it camert the case of

malnutrition.
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INTRODUCTION

The world’s population dependence much on coarseefimed cereals grains, which contain high corstenft
phytic acid, a potent inhibitor of zinc absorpti@embined with recurrent infectious episodes, @itht to be the basis of
wildspread Zinc deficiency in developing countr{@own et. al., 2004 and Hesst. al., 2009). Zinc is an essential trace
element in human nutrition and its deficiency isjonapublic health threat worldwide. Among the micubrient
malnutrition situations afflicting the human poptida, its deficiency is of major concern not onlgdause of the serious
health consequence it may have, but also becauskeeofumber of people affected worldwide partidylan Africa
(Kayode, 2006).

Zinc is also an essential component of a large mun»300) of enzyme participating in the synthemsisl

degradation of carbohydrates, lipids, proteins andleic acids as well as in the metabolism of otimécronutrients.
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It stabilizes the molecular structure of cellulangponents and membranes and in this way contriiatéee maintenance
of cell and organ integrity (Hambridge al., 1987). Furthermore, Zinc has an essential rofmlgnucleotide transcription
and thus in the process of genetic expressiorinlislvement in such fundamental activities probaabdcounts for the

essentiality of zinc for all life forms (Hambridge al., 1987).

It also plays a central role in the immune systaffecting a number of aspects of cellular and hahionmunity
(Shankar and Prasad, 1998). The clinical featuirssweral zinc deficiency in humans are growthrogdon, delay sexual
and bone maturation, skin lesions, diarrhoe, alepénpaired appetite, increased susceptibilitinfections mediated via

defects in immune system, and the appearance aVhmhal changes (Hambridge al., 1987).

Cereals nutritional qualities are dictated mainly their chemical compositions and the presence of
anti-nutritional factors, such as phytate. Phytatespresent in whole-grain cereals and legumesrasithaller amounts in
other vegetables. They have a strong potentiabifuding divalent cations and their depressive éftetzinc absorption
has been demonstrated on humans (Sandstrom, IB&9)molar ratio between phytates and zinc in mealdiets is a
useful indicator of the effect of phytate in depiag zinc absorption. At molar ratios above thegewof 6-10, zinc
absorption starts to decline; at ratio above 15pmgition is typically less than 45 The effect of phytate is, however,

modified by the source and amount of dietary prt@ionsumed (Sandstrom and Lonnerdal, 1989).

MATERIALS AND METHODS
Sample Collection

Two varieties each, of some edible tropical cerpalsely; white and yellow maiz&da mays), Brown and white
sorghum $£orghum bicolor (L) Moench), and yellow and brown millet$énnisetum glaucum), were purchase from Waso
market in Ogbomoso metropolis, Oyo state in Nigefihe authentication of the sample was carried hpuDr G.O
Adesina of the Department of Agronomy, Ladoke AddatUniversity of Technology, Ogbomoso in Oyo StdNeeria.
The cereals were hand-picked to separate the dgmilgion or inedible portion from the edible porti Consequently, the
prepared samples were kept under a room tempetfatuamalyses. Alchemical used were analytical grade and the water

used was glass distilled.
Sample Preparation

The raw samples were air-dried to reduce the m@istantent using LEEC drying cabinet (LEEC Ltd.ivRte
rd., No 7. Colwick. Nottingham.UK) and are milleatéd powder using a Waring heavy duty blender (Waiftoducts
Division, New Hartford. Connecticut. USA). Subsentlg, the powdered samples were subjected to pratéranalysis,

mineral composition and Zn-bioavalability analyses.
Proximate Analysis

Proximate analysis was determined by the methdtsebciation of official Analytical chemist (AOAC2920).
Mineral Composition

Appropriate hollow cathode lamp was fixed (i.e adaug to the element that was to be determinedg Afomic
Absorption spectrophotometer was set and allowestabilize using the standard solutions. The s&iakdard for each
mineral was 10ppm. The standard for each metalagpgfated into the flame as well as the samplethadespective

concentration was read while the absorbance oftdredards was noted. The concentration of the ailmer mg/100g was
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subsequently calculated (AOAC, 1990).

Phytate Content Determination

Phytate was determining according to the methodittdeler and Ferrel (1974). Sample (4.0g) were sbake
100ml of 2% HCI for 3 hrs and then filtered throughatman No. 2 filter paper. Then, 25ml of therdile was placed in
conical flask and 5ml of 0.3% ammonium thiocynaikison was added after which 53.5ml of distilledter was added.
This was titrated against a standard Iron (lll)ockle solution containing 0.00195g of iron/ml urdilbrownish yellow

colour persisted for 5min. The phytate content egeessed as mg/g phytate in the sample.

Zn Bioavailability Determination

Approximately 2g of each powdered sample was dhedsat 508. The Zn and Ca contents were determined on
aliquots of the solution of the ash by establishémimic absorption spectrophometry procedures usipgrkin-Elimer
absorption spectrophotometer (Model 372) (Perkitimer, 1982). Lanthanum chloride (1%) was addetdth samples
and standard solutions for calcium determinatiorroeme phosphorus interferences. Calculation ofyteRé][Zn],
[Ca][phytate], [Ca][Phytate]/[Zn] molar ratios wemgsed in prediction of Zn bioavailability in thereals product
(Fergusonet al., 1988).

Statistical Analysis

The result of the replicates were pooled and eggebas mean standard error (SE). A one way analysis of
variance (ANOVA) and the least significance diffece (LSD) were carried out. Significant was acceatid® < 0.05.

Table 1: Proximate Composition of Some Edible Tromial Cereals Expressed in Percentage (%)

Sample Crude Protein Crude Fat Crud Fibre Ash CHO Moisture
Maize — Yellow - 1072+ 0.5 13.5F+ 0.1 1.3+ 0.2 1.0°+0.1 62.0°+ 0.3 11.5F+0.5
White - 296¢+02 §0°+=02 22=+03 05202 692¢+02 1054 +0.3
Sorghum — Brown 1252+ 0.3 11.58+0.3 43k +0.1 2.04+0.1 58.9*+04 10.82+0 4
White 11.2f+0.2 5.5*+0.3 34=+04 1.0*+0.2 69.54+ 0.6 9.5 +0.1
Millet — yellow 532+03 9.0f+0.1 3.45F+02 1.52+0.0 71.87+0.4 9.0:+02
Brown 5.9 +0.4 7.54+0.2 3.68+03 2.04+0.1 70.8= 0.3 10.3=x02

Data represent the mean of triplicate readgs.
Values with the same uppercase superscripletter along the same column are not significantldifferent

f>0.05).
Table 2: Mineral Composition of Edible Tropical Cereals (Mg/100g)
Sample Mg Fe Pb Ca Na Ni Zn K Cu

Maize -

Yellow 17.71€£002 | 6.65¢+0.03 | 165F+001 | 13204+ 007 | 13.10f+0.02 | 025003 | 223:+001 | 57.154004 | 0.03+0.02
White 13.78°+004 | 325°+0.00 | 12544004 | 11004002 | 1041:+002 | 0455001 | 2.24:+001 | 5005006 | 0.05>+001
Sorghum -

Brown 26938+003 | 740:+0.03 | 15054001 | 150f+002 | 13.105£0.01 | 030001 | 1.52%+001 | 74205003 | 0.10°£0.00
White 23445+003 | 92074004 | 095°+0.04 | 14.252+002 | 945+ 003 | 0204001 | 149°+003 | 6460003 | 0.10°£0.00
Millet -

Yellow 1507¢+005 | 3.05+0.01 | 0.00:+000 | 885:+003 | 4852+002 | 015001 | 175¢+001 | 66209004 | 0.05*+001
Brown 17.02e+001 | 3.15%+002 | 095+ 003 | 13.75¢+0.03 | 592°+0.02 | 0.05°+001 | 172¢+002 | 7550006 | 0.514+001

Data represent the mean of triplicate readings.
Values with the same uppercase superscripts lettalong the same column are not significantly diéirent (P> 0.05).
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Table 3: Phytate Content in the Edible Tropical Ceeals (Mg/G)

Sample Phytate (mg/g).
Maize - Yellow | 58.1"+0.16
- White 52.7+0.15
Sorghum - Brown 14.7+0.12
- White 37.8 +0.12
Millet - Yellow 25.9 +0.12
- Brow 26.5 +0.06
ate represent the mean of triplicate readings.
Values with the same column are not signifimtly different (P> 0.05).

Table 4: Estimation of Zn Bioavailability in the Edible Tropical Cereals (Mol/Kg)

Sample (Phytate)/(Zn) | (Ca)/(Phytate) (Ca)(('?;‘glt/akg)’ @)
Maize - Yellow 148.3 0.5 6.4£+0.01
White 135.0 0.4 4.9 +0.01
Sorghum - Brown 46.0 2.2 2.3+0.02
White 116.0 0.8 5.3 +0.03
Millet - Yellow 80.0 0.7 2.3+0.01
Brown 82.0 1.1 3.6°+0.02

Date represent the mean of triplicate values.
Values with the same uppercase superscript l&tt along the same column are not significantly
different (P> 0.05).

RESULTS AND DISCUSSIONS

Plant foods, including grains play an importanterdgin recent years) in our diet as functional fo@ul
nutraceuticals, since they are good sources odmjidibre, proteins, energy, minerals, vitamins amdioxidants required

for human health (charalampopouksl.,2002).

Table 1 shows the results of the proximate comjpwsitf the cereals; the crude protein content efdbreals is
generally low when compared with legumes like sbgan (35%) and (cowpea) (22.7%) (Oshodi, 1993). év@w brown
sorghum had high content of protein (12.53%) foldvby the white sorghum (11.12%), yellow maize 7£0) and white
maize (9.68/,) but, there was a significant decreaBe@.05) in the values of both varieties of millet g (5.3%/,) -brown
(5.91,). Also, carbohydrate content ranged from 71.76%lIgw-millet) to 58.93% (brown-sorghum), which i a
indication that cereals are good source of calandsiman diets. The moisture contents of the ¢enghich ranges from
[9.0 (yellow millet) — 11.5 (yellow maize)] fall wiin the range reported for varieties of cowpeakh{th and Ifebigh,
1988; Aletor and Aladetimi, 1989) and this mightdmvantageous in terms of the self life of the prats. However, the
ash, crude fibres and crude fat contents are signify decreased?&0.05). The ash and crude fibre of the cereals were
generally lower than that of cultivated yam tubefakindahunsi and oboh, 1998) and cassava products
(Oboh and Akindahunsi, 2003. Obehal., 2002). Nevertheless, the ash content of the ceiealghin the same rage for
the cereals grains reported by uwaegbute and Nhagty€1989), and Fashakin (1989.)

The results of mineral composition of the varioeseals expressed in mg/100g revealed that macnoeels
content (Na, K, Ca and Mg) were significantly highé<0.05) than that of the micro-elements content
(Fe, Pb, Ni, Zn and Cu) (table 2). However, maizdl¢w and white) had the highest Ca and Na costetiten compared
with other cereals analyzed while sorghum (browth white) had the highest Mg and Mn content. The KigNa and Ca

of the cereals are within the same range withdhatissava products (Oboh and Akindahunsi, 2003).
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The antinutrient (phytate) content of the cereslgénerally low when compared to that of unfermemzssava
product (Oboh and Akindahunsi, 2003). Phytate very stable and potent food component chelatorsitascconsidered
an antinutrient by virtue of its ability to chelativalent metals and prevent their absorption frii@ stomach after
consumption (Obolet al., 2003). Phytate is known to decrease the biohil#jaof minerals in the the body, especially
Ca, Zn, Fe and Mg. (Agtet al., 1999, Obohet al., 2003., Bhandari and Kawabata, 2004). However, ffecteof the
phytate content on the zinc bioavailability in ttereals is shown in Table 4. [Ca][Phytate]/[Znjaatas found to be a
measure of zinc bioavalability than [phytate]/[zalio (Oboh and Amusan, 2009). The calculated [gteyt [Zn] molar
ratio for the cereals were far above 15.0, whictcassidered as the critical value for reduced #mavailability
(Fergussonet al., 1988), this suggests that the level of phytate gmiesn the cereal could lead to reduction in
bioavailability of Zn. Mineral, Protein and Starsblubility digestion and absorbtion was also regubitio be affected by
phytate (Umar, 2005). On the other hand, phytas ianti-carcinogen that protects against cologeaand it is known to
be a potent antioxidant that inhibits Fenton remdileading to lipid peroxidation and inhibition pélyphenol oxidase
(Agte et al., 1999). Also the calculated [Ca]/[Phytate] molariastfor the cereals were well below 6. Wise (1988%
suggested that the solubility of phytate and prtporof zinc bound to the complex depend on théadyeCa levels. In his

model, phytate precipitation is not complete udigtary (Ca):(Phytate) molar ratios attain a valfiapproximately 6:1.

At lower ratios, phytate precipitation is incomgletcausing some dietary zinc to remain in solution
(Obohet al., 2003). The proportion remaining in solution in@es with decreasing Ca: phytate molar ratio. Howeve
calculated [Ca][Phytate]/[Zn] molar ratio is a leetindex for predicting Zn bioavailability due tokenetic synergism
which exists between (Ca) and (Zn) ions resultm@ iCa : Zn : phytate complex, which is less s@ubhn the phytate
complex formed by either ion alone (Oberleas, 19T8f calculated molar ratios for the various cisregere far above
0.5mol/kg; which is considered as the critical lefer reduced Zn bioavailability (Davis and warring, 1986; Oboh
et al., 2003). This reduced Zn bioavailability may be do¢hte fact that Zn present in the cereals are gdipdow and/or
the Ca contents of the cereals are not high entaugreate a sparing effect on Zn from the phyt@dohet al., 2003)

CONCLUSIONS

All varieties of cereals (maize, sorghum and mjiletalyzed were good sources of nutrients, and @stained
useful quantities of minerals which would contribub the recommended dietary allowances (RDA) betewow in
protein yet with substantial nutritional valuescdtuld avert the case of malnutrition. However hhiglue of the phytate

content in both varieties of all cereals analysed an indication of the critical factor for the uedd Zn bioavalability.
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