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Abstract

The objective of this study was to determine the chemical composition, functional properties and
amino acids profile of Quality Protein Maize (QPM) and compare with Common Maize (CM). The maize
grains and maize meal were assessed for physical properties, proximate composition, mineral,
functional properties and amino acid profile using standard methods. The results showed that the
proximate composition of QPM 9.72% (protein), 4.85% (fat), 1.50% (ash) and 73.98% (carbohydrate)
were within the same range for CM. There was no significant difference (p > 0.05) in the proximate
composition of the two varieties of maize. The amino acid profile of the QPM was significantly higher
(p < 0.05) than CM in terms of lysine (2.649/100g), isoleucine (2.749/100g), phenylalanine (4.20g/100g).
The functional properties of QPM in terms of bulk density, water and oil absorption capacities showed
no significantly difference (p>0.05) from CM. However, the final viscosity of QPM (267.75 RVU) was
significantly lower (p<0.05) than 458.08 RVU of the CM. QPM can be integrated into the family diet and
especially in the weaning food formulation for infant where protein energy malnutrition is a serious
problem, due to the higher level of the essential amino acids in the available protein of quality protein

maize.
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INTRODUCTION

Maize (Zea mays L.) is an important cereal grain in the
world, providing nutrients for humans and animals (FAO,
1992, Vasal et al., 1993). In sub-Saharan Africa, maize is
a staple food for an estimated 50% of the population and
it remains the most important agricultural crop for over 70
million farm families worldwide. Of the 22 countries in the
world where maize forms the highest percentage of
energy in the national diet, 16 are in Africa (Nuss and
Tanumihardjo, 2011). Maize is used as human food in the
form of tortillas, porridge, popcorn and barbecues and as
forage and silage for animals. It is also a good source of
industrial products such as starch (Zhang et al., 2012),
vitamin (Warman and Havard, 1998), fiber (Pandya and
Srinivasan, 2012), oil (Comin et al., 2012), weaning food
(Ikujenlola and Fashakin, 2005), porridges (Mburu et al.,
2012) and ethanol (Lamsal et al., 2011). Maize kernels

are the largest cereal seed weighing 250 -300 mg each,
they are flat seed due to pressure during growth from
adjacent kernels on the cob. The kernels have a blunt
crown and pointed conical tip cap (lhekoronye and
Ngoddy, 1985). The kernel contains a complete embryo
and all the structural, nutritional and enzymatic functions
required for growth and development into a plant
(Bressani, 1990). About 50 species exist and consist of
different colors, textures and grain shapes and sizes.
According to Prassanna et al., (2001) quality protein
maize was developed from the convectional opaque — 2
maize with modification in the germ-plasm. Like its
opaque-2 counterpart, QPM is considered a biofortified
food, because its nutritional profile has been improved
using conventional breeding techniques. This special type
of maize possess almost double the levels of lysine and
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tryptophan which are essential amino acid for mono-
gastric animal including man (Prassana et al, 2001). The
aim of this study was to assess the chemical
composition, functional properties and amino acids profile
of quality protein maize and compare the results with the
common maize both grown in Nigeria.

MATERIAL AND METHODS

The Quality Protein Maize (QPM) Obatampa var. used for
this study was supplied by Research Farms, Obafemi
Awolowo University, lle — Ife, Nigeria. The common Maize
(CM) was supplied by Agricultural Development Project,
Owo. Nigeria.

Methods
Physical and malting properties Assessment

The physical properties of the maize grains were
assessed by adopting the method of A.O.A.C (1990) to
evaluate the colour and thousand grain weight. The
moisture uptake was determined using the method of
Fashakin (1994). The malt yield, germinative capacity
and germinative energy were determined using the
method of llori et al., (1990).

Production of Quality protein maize meal

The quality protein maize and common maize grains
used for this study were cleaned, sorted and milled
according to the method of Houssou and Ayernor (2002).
The resulting meal was packaged and kept for further
analyses.

Chemical Composition Determination

Samples and standard solutions were prepared according
to the procedures of the AOAC (2004). The proximate
composition (protein, fat, ash, crude fibre, moisture and
carbohydrate) of the meal was determined as described
by A.O.A.C. (2004). Total carbohydrate was determined
by difference. The energy content was determined by
using the method of Osborne and Voogt (1978) which
calculates the energy content using Atwater factor (9 x fat
+ 4 x protein + 4 x carbohydrate).

The selected mineral elements (Na, Ca, Mg, K, Fe
and Zn) concentrations were determined from solution
obtained from wet digestion of sample ash with mixture of
HCI solution and nitric acid (1:1 v/v) using Alpha 4 Atomic
Absorption Spectrophotometer (A.O.A.C. 2004). The
phytate was determined using the method of Maga
(1982).

Amino acid analysis

The amino acid composition of the sample was

determined according to the method of Spackman et al.,
(1958) and Kaga et al., (2002). The amino acid analysis
was determined at the Department of Zoology, University
of Jos, wusing the High Performance Liquid
Chromatography (HPLC) specifically the Technicon TSM
(technosequential multisample) analyser for amino acid.
The samples were dried to constant weight and defatted.
A known weight of the defatted sample was hydrolysed
under vacuum with 7 mL of 6 N HCI in a sealed pyrex
tube at 105°C for 22 h. Immediately after cooling, it was
filtered through non-absorbent cotton wool. The filtrate
was dried at 40°C using rotary evaporator. The amino
acids in the flask were diluted with 5 mL of acetate buffer
(pH 2.0) and 5 to 10 yL was loaded into the cartridge of
Technicon Sequential Multisample Amino acid Analyzer
(TSM). The absorbance of the mixture was monitored
continuously in a colorimeter, the signals were magnified
and traced on a two pen recorder using a linear chart to
develop a chromatograph. The area under the peak was
calculated as the concentration of each amino acid.

Pasting Characteristics Determination

The pasting profile was studied using a Rapid Visco
Analyser (RVA) series 4 (New Port Scientific NSW,
Australia). The sample 3.0 g was weighed and 25 ml of
distilled water was dispensed into a canister. Paddle was
placed inside the canister this was placed centrally onto
the paddle coupling and then inserted into the RVA
machine. The measurement cycle was initiated by
pressing the motor tower of the instrument. The 12
minute profile was used. The time- temperature regime
used was idle at temperature 50 °C for 1 min., heated
from 50 °C to 95 °C in 3 min. 45 s, then held at 95 °C for
2 min 30 s the sample was subsequently cooled to 50 °C
over 3 min 45 s period followed by a period of 2 min
where the temperature was controlled at 50 °C
(Anonymous, 1990). All measurements were taken in
triplicate.

Functional Properties determination

The functional properties such as bulk density, water
absorption capacity, swelling capacity, oil absorption
capacity were determined according to the method
described by Okezie and Bello (1988). Viscosity and
consistency were assessed according to method
described by Marero et al., (1988).

RESULTS AND DISCUSSION
Physical and Malting Properties of Maize Grains
The two maize varieties studied were white in colour. The

thousand — grain weight (Table 1) of the two varieties of
maize were 215.30 g and 271.50 g/ 1000 grains for
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Table 1. Physical and Malting properties of Quality Protein Maize and Common Maize Grains

Parameters Common maize Quality Protein maize
Colour white white
Thousand corn weight 271.50 £ 2.50, 215.30 £ 1.50,

% Germinative Capacity 92.00 £ 1.50p 95.00 £ 1.204

% Germinative Energy 98.00 £ 0.50 98.00 £0.20

% Malt Yield 87.60+ 0.50 88.20 £ 0.50
Temperature at day 1 29.00 °C 28.00 °C
Temperature at day 3 33.00°C 34.00 °C

Means of the same row followed by different letters are significant (p < 0.05)

quality protein maize and common maize respectively.
The kernel of the common maize was significantly
bigger(p> 0.05) than the quality protein maize kernel. The
two varieties fall within the range of 200 — 300 mg for the
weight of maize kernel reported by Ihekoronye and
Ngoddy (1985) and lkujenlola (2010).

The two varieties of maize under investigation
displayed high germinative energy and germinative
capacity ranging between 92 and 98 % respectively. The
two varieties had values above 90 % which is regarded
as the minimum level expected of good and viable seed
(Oyedoyin et al., 2001). Viability of grains depends on
factors which include the moisture content, the storage
condition and the effects of insect and moulds. Insect
infested and mouldy grains will not be viable enough to
germinate. This is important for the malting process. It
was observed that there was no significant difference (p >
0.05) in the malt yield of the two varieties of maize. The
yield is affected by the lengths of the rootlets and shoots
of sprouted grains, the higher the roots and shoots the
less the yield of the malt (llori et al., 1990).

During the malting process there was increase in the
temperature (Table 1) of the maize being malted from
29.0 °C and 28.0 °C to 33.0 °C and 34.0 °C for common
maize and quality protein maize respectively. The
increase in temperature might be due to enzymatic
activities during sprouting.

Moisture content of the grains and Water uptake
during steeping of maize varieties

The moisture content of the maize grains were 12.60 %
and 11.11 % for common maize and quality protein maize
respectively. The level of moisture of the grains is often
higher at harvest, but maize grains are dried so as to
prolong its storage life. High moisture content during
storage encourages the growth of certain harmful yeast,
moulds and bacteria (Dowswell et al., 1996). Insects can
cause severe losses in stored maize grain and the
degree of insect damage varies according to the grain
type and the texture of the kernel. The primary factors

favouring insect infestation of a grain according to
Dowswell et al. (1996) are availability of air (oxygen),
high moisture content in air and grain and warm
temperature.

The trend of water uptake of the grains over a period
of 24 hours steeping is presented in Figure 1. It was
observed that the moisture content of the grains
increased with time of steeping. Meanwhile, at the 8 th
hour of steeping the maize grains about 40 % moisture
had permeated the grains. Good sprouting requires that
dried grains be rehydrated to about 40 % moisture. The
trend of the water infusion reported in this study agrees
with the reports of Fashakin (1994); Gopaldas et al.
(1988). Rehydrating above 8 hours turned the water slimy
and milky indicative of leached starch and other nutrients
from the grain.

Proximate Composition of Quality Protein Maize and
common Maize whole meal

The proximate composition of the two varieties of maize
is presented in Table 2. The results showed that the
moisture content of the maize varieties were 7.65% and
7.90%. The moisture content of grains is expected to be
about 30% at harvesting and dried to between 10% and
15% for proper storage and viability. Grain of higher
moisture content is highly susceptible to deterioration
(Gopaldas et al., 1988).

The fat and protein contents of the quality protein
maize were 4.85% and 9.72% respectively while 4.50%
and 9.80% respectively were the values for common
maize. There was no significantly difference (p> 0.05) in
the crude protein of the maize varieties. According to
Akumoa — Boateng (2002) and Nuss and Tanumihardjo
(2011) the crude protein of QPM is not higher than that of
common maize, however, it is better in terms of amino
acids composition. The total ash, crude fibre and
carbohydrate of quality protein maize were 1.50%, 2.05%
and 73.98 respectively were not significantly different
(p>0.05) from 1.62%, 2.60% and 73.83% of common
maize.
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Figure 1. Water uptake of the Quality Protein Maize and Normal Maize grains

Table 2. Chemical Composition of Quality Protein Maize and Common Maize Meal

Parameter Common Maize Quality Protein Maize
Moisture (%) 7.65+0.10 7.90 £0.05

Crude Fat (%) 4.50 £ 0.06 4.85+0.05

Crude Protein (%) 9.80 £ 0.01 9.72 +0.12

Total Ash (%) 1.62 +0.01 1.50 +0.02

Crude fibre (%) 2.60 £ 0.02a 2.05+0.01b
Carbohydrate (%) 73.83 £0.04 73.98 £ 0.04

Energy (Kcal/100g) 375.00 + 0.04 378.50 + 0.04

Sodium (mg/100g) 61.65 +10.10a 43.88 + 2.00b

Magnesium (mg/100g) 141.30 £ 5.50a 137.10 £ 4.68b

Potassium (mg/100g) 77.23 £3.56b 79.24 +5.58a
Calcium(mg/100g) 64.70 £ 2.34b 85.61 £5.01a
Zinc(mg/100g) 11.48 + 1.00b 14.45+5.10a
Iron(mg/100g) 1.10+0.15 0.82+0.10
Phytate(mg/100g) 1.22+0.11 1.17 £0.10

Means of the same row followed by different letters are significant (p < 0.05)

The amount of calories in a quantity or volume of a
food preparation is called the energy density of the food
and is a good index for comparing the true value of
different foods (Sajilata, 2002). There was no significant
difference (p > 0.05) in the energy content of the two
types of maize. The energy content of common and
quality protein maize were 375.00 and 378.00 kcal

respectively. Maize is generally known to be high in
carbohydrate and as such a good source of calories
(Nuss and Tanumihardjo, 2011).

The mineral content of the samples is presented in
Table 2. The result showed that the sodium (61.65
mg/100g), magnesium (141.30 mg/100g), iron (1.10
mg/100g) of common maize were significantly higher (p <
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0.05) than those of QPM. While the potassium (79.24
mg/100g), calcium (85.61 mg/100g) and zinc (14.45
mg/100g) were higher in the QPM than common maize.
All these minerals are necessary for physiological
development and general well being of human being and
animals. The deficiency of one or more of these mineral
elements may constitute nutritional disorder in human.

The anti-nutritional factors in maize has been
associated with non- bioavailability of certain minerals.
Phytate in maize has been reported by FAO (1992) and
Hotz and Gibson (2001) to prevent the availability of
calcium to the consumer of maize and maize products.
There was no significant difference (p>0.05) in the level
of phytate (Table 2) in the two varieties of maize.
Although, antinutritional factors are responsible for non
availability of certain mineral element (Annan and Plahar,
1995), on the other hand, processing such as
germination, fermentation, milling and sieving have been
reported as means of reducing the level and effect of
antinutritional factors in cereals and legumes (Hotz and
Gibson 2007; Mensah and Tomskin,2003).

Functional properties of Quality protein maize and
common maize whole meal

The functional properties (Figure 2 ) of the quality protein
maize oil absorption (106.00%), water absorption
(152.00%), and swelling capacity (32.09%) showed that
there was no significant difference (p > 0.05) between
these values and those of the common maize. However,
there existed significant difference (p < 0.05) in the
viscosities of the gruels prepared from the common
maize and quality protein maize. These functional
properties e.g water absorption and swelling capacity
affect to a great extent the acceptability of products from
grains, especially when intended for infant food. Infant
food such as complementary/weaning food is expected to
be high in both calories and other essential nutrients and

this is achievable if the functional properties are
considerably low enough to accommodate more solid per
volume.

Variations in water binding capacity may be caused by
inherent differences in proportion of crystalline and
amorphous areas in the granules. Starches containing a
higher proportion of amorphous material would
presumably have more water binding sites thus
absorbing more water (Lawal, 2004). The swelling
behaviour of starch depends mainly on the amylose
content, structure of amylose and amylopectin, and
presence of non-carbohydrate substances, especially in
the presence of lipids acting as inhibitor of swelling
(Tester and Morrison, 1990). The swelling power is an
indication of presence of amylase which influences the
quantity of amylose and amylopectin present in the maize
meal. The swelling power of flour granules is an
indication of the extent of associative forces within the
granule. Swelling power is also related to the water
absorption index of the starch-based flour during heating.
Therefore, the higher the swelling power, the higher the
associate forces (Malomo, 2012).

The meals of the maize varieties reconstituted well to
produce gruels of fine constituency during mixing. The
reconstitution indices (Figure 2) of the gruels were 72%
common maize and 74% QPM. There was no significant
difference (p>0.05) in the values. Reconstitution index
measures the ability of the flour to disperse well in the
liquid medium.

In addition, the bulk density (Table 3) of the maize
varieties were within same range of 0.70g/ml (QPM) and
0.71g/ml (common maize), The bulk density is influenced
by particle size and the density of the flour and is
important in determining the packaging requirement and
material handling (Malomo et al., 2012). Bulk density is
influenced by the structure of the starch polymers and
loose structure of the starch polymers could result in low
bulk density.
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Table 3. Functional properties of Quality Protein Maize and Common Maize Meal

Common Maize

Functional Properties

Quality Protein Maize

Bulk density(g/ml) 0.71+0.01 0.70+0.01
Viscosity at 10% dry matter(cP) 18,782.63 + 16.67, 14,905.82 £11.11
Consistency Semi solid Semi solid
Pasting Temperature ("C) 79.50 + 0.22 77.55 + 0.60
Peak Time (min) 6.93 £0.06 4 5.40 £ 0.05p
Setback (RVU) 283.92+0.60, 91.75+£0.25,
Final Viscosity (RVU) 458.08 + 0.65 5 267.75 + 0.42,
Breakdown (RVU) 113.17 £ 0.50 112.67 £ 0.45
Trough 1(RVU) 174.17 +0.30 176.00 + 0.23

Peak 1(RVU)

187.33 £0.20

288.67 £ 0.31,4

Means of the same row followed by different letters are significant (p < 0.05)

Pasting Properties

The pasting properties of meals from two varieties of
maize cultivars measured using RVA are presented in
Table 3. When heat is applied to starch based foods in
the presence of water, a series of changes occur known
as gelatinisation and pasting which influence the quality
and aesthetic considerations in food industry, as it affects
the texture, digestibility and starchy foods (Adebowale,
2005). Meals from different cultivars displayed a
significant variation in some of the pasting parameters.

The peak time and pasting temperatures of the
samples showed significant differences (p < 0.05) in the
two varieties. The peak time of common maize was 6.93
minutes while it was 5.40 minutes for QPM. The peak
time is a measure of the cooking time. Meanwhile, the
pasting temperatures were 79.50 °C and 77.55%C for
common maize and QPM respectively. The pasting
temperature gives an indication of the gelatinization time
during processing. It is the temperature at which the first
detectable increase in viscosity is measured and is an
index characterised by the initial change due to the
swelling (Emiola and Delarosa, 1981).

Peak viscosity (PV) of common maize and QPM
meals were 187.33RVU and 288.67 RVU. Peak viscosity
is an indicator of water binding capacity and ease with
which the starch granules are disintegrated and often
correlated with final product quality (Thomas and Atwell,
1999; Ee et al., 2014). Breakdown viscosity (BV) of the
meal from different maize cultivars does not differ
significantly (p < 0.05). Breakdown viscosity of the meals
were 113.177RVU (common maize) and 112.67
RVU(QPM). The breakdown is caused by disintegration
of gelatinized starch granules structure during continued
stirring and heating, thus, indicating the shear thinning
property of starch (Yadav et al., 2011; Babajide and

Olowe, 2013).

The trough of common maize was observed to be
17417RVU while that of QPM was 176RVU. The
minimum viscosity at constant temperature phase of the
RVA profile and the ability of paste to withstand
breakdown during cooling is referred to as the trough.
Moreover, the final viscosity of the samples was observed
to be 458.08 RVU for common maize and 267.75 RVU for
QPM. In the preparation of gruel from either of these
samples, the QPM sample will give gruel of low
consistency and this will permit the addition of more solid.
The advantage of this is that more nutrients and calories
can be ensured (Marero et al.,1988)

Amino Acid Profile of the Quality Protein Maize and
common Maize meal

The amino acid composition (Table 4) of the meals from
both common maize and quality protein maize showed
that QPM was significantly different (p>0.05) from the
common maize in terms of threonine (3.20g/100g),
aspartic acid (6.76g/100g), glutamic acid (7.50g/100g),
glycine (3.45g/100g), methionine (1.20g/100g), isoleucine
(2.749/100g), tyrosine(2.73g/100g) and phenylalanine
(4.20g/100g). The level of lysine in QPM (2.64g/100g)
was significant higher (p< 0.05) than the level of lysine in
common maize (1.80g/ 100g). This observation agrees
with the report of Akumoa-Boateng (2002). This result
confirms certain claims that QPM contains higher level of
lysine than the common maize (Prassana et al., 2000;
Akumoa- Boateng, 2002, lkujenlola, 2010). the limiting
amino acids in maize like other cereals are lysine and
tryptophan, the result showed that QPM significantly
contain lysine far above what was present in common
maize. However, the level of tryptophan could not be
determined because of the acid hydrolysis method of
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Table 4. Amino Acids of the Quality Protein Maize and common Maize

Amino Acid Common Maize Quality Protein Maize
Lysine 1.80b 2.64a
Histidine 2.00a 2.00a
Arginine 3.82b 4.10a
Aspartic acid 6.21b 6.76a
Threonine 2.00b 3.20a
Serine 1.80a 1.79a
Glutamic Acid 5.70b 7.50a
Proline 1.15a 1.09a
Glycine 2.50b 3.45a
Alanine 1.95a
Cystine 0.70b 1.12a
Valine 3.00b 3.60a
Methionine 1.2
Isoleucine 2.74
Leucine 8.82a 3.28b
Tyrosine 2.07b 2.73a
Phenylalanine 3.50b 4.20a

Means of the same row followed by different letters are significant (p < 0.05)

Table 5. Chemical indices of the amino acid profile of the maize varieties.

Chemical index

Common maize

Quality protein maize

Total amino acids
Essential amino acid
Non essential amino acid

Amino acid index

50.20 63.50
26.37 36.96
23.83 26.54
63.04 88.35

determination that was employed which destroyed the
trytophan. Monogastric animal and human have
difficulties in synthesising lysine from the other amino
acids unlike ruminants animals. The consumption of
lysine in place of common maize can bridge the gap for
the monogastric animals (Zhang et al., 2012).

The Total Amino Acid (TAA) (Table 5) of QPM was
63.50 while 50.20 was the TAA of common maize. The
other chemical indices of the amino acid of the grains
showed that there was significant difference (P<0.05) in
the essential amino acid of the QPM (36.96) and
common maize 26.37. Also the non essential amino acid
of the maize were 26.54 QPM and 23.83 common maize.
The amino acid index of the grains revealed a significant
difference (p< 0.05) between the values for the maize
varieties (88.35 QPM and 63.04 common maize). These

results agree with the submission of Vassl et al., 1993
that QPM contains better usable protein than common
maize and that it has protein that offers a higher
biological value. Compared with traditional maize types,
QPM has twice the amount of lysine and tryptophan, as
well as protein bioavailability that rivals milk casein.
Animal and human studies suggest that substituting QPM
for common maize results in improved health. Thus,
consuming QPM in place of common maize will offer
better nutritional advantage. Mean while, the animal
feeding experiment and human feeding trial conducted by
earlier researchers show improved health (lkujenlola,
2010; Nuss and Tanumihardjo, 2011). The utilisation of
QPM in the preparation of certain family diet will offer a
lot of advantages especially among the infants where
maize is used as weaning food.
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CONCLUSION

This study has elicited information on the physical,
chemical composition, functional properties and the
amino acid composition of quality protein maize and
compared with common maize. It could therefore be
concluded that the chemical composition of the two
varieties of maize were within the same range. However,
there were differences in some of the functional
properties such as viscosity, pasting time and
temperature. In addition, certain amino acids of the
quality protein maize were significantly higher than those
of common maize especially the lysine, isoleucine,
phenylalanine, methionine, glutamic acid. In view of these
results QPM can be integrated into the family food where
maize is used as staple and especially in the formulation
of weaning food as this will help in alleviating the problem
of protein energy malnutrition.
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