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ABSTRACT

This study was aimed to produce, evaluate and compare three types of breakfast flakes from germinated maize,
millet, and sorghum and each substituted with germinated pigeon peas flour at different level, 0, 20, 30, 40 and
50%. Flour samples were analyzed for functional properties and flakes produced by oven toast method
analyzed for proximate, minerals, anti-nutritional and acceptability using standard methods. Substitution
decreased oil absorption capacity in corn (1.38 - 0.37g/g) and millet (1.23 - 0.84g/g), but increased in sorghum
(0.70 - 1.1g/g). Water absorption capacity increased in corn (1.06 — 1.73 g/m?) but decreased in millet (1.40 —
0.56 g/m?) and sorghum (1.98 — 0.56 g/m?). Bulk density values were not significantly different (p<0.05)
among samples but, swelling capacity had highest values in sorghum at 90°C and in corn at 70°C and 50°C.
Moisture was highest in corn 20% level (8.49%), crude fat in corn 40% (14.36%) and protein in corn 40%
(13.01%), fiber in sorghum 30% (1.36%), ash in sorghum 0% (0.93%) and carbohydrates in sorghum 30%
(87.12%). K, Na, P and Fe values increased significantly as the substitution increased with the highest values
in sorghum compared to millet and corn, but anti-nutritional values decreased significantly (P<0.05). Yellow
color decreased as the substitution increased with the lowest value in sorghum. In overall acceptability
sorghum was highly rated followed by corn and millet. Therefore, germination and substitution improved
cereals protein, fat and fiber content of flakes and sorghum and millet showing capacity to replace corn,
thereby solving protein-mineral-energy deficiency in tropical countries . .
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INTRODUCTION

Breakfast cereals as ready—to-eat meal in form of flakes have become households meal worldwide since the
initial flake was produced from wheat flour by Will Kellogg and his brother John Kellogg between 1894 and
1896 (Kellogg, 2010). Today, flakes are produced from rice and corn (Cornflakes). Cornflakes is produced by
milling whole maize grains (white or yellow) into flour and mixing with sugar, salt and flavors to gives a good
taste when toasted in a drum dryer or hot oven that gives a crispy friable texture, easy to prepare and consumed
with or without addition of milk (Jacob and Teresa, 2007). In the developing nation’s rural communities,
growing children’s malnutrition is prevalent due to over consumption of cereals like corn and rice which is low
in protein and deficiency in some amino acids like lysine and tryptophan but higher in methionine (FAO,
2009). Studies have shown that cereals could be improved by supplementation with animal milk, minerals,
vitamins and legumes (Powers et al., 2016; Hamid and Ahmed, 2022). While germination / sprouting or
fermentation of cereals and legumes could improve their nutritional status, functional properties and
consumers acceptability with strong health benefits (Okpala & Okoli, 2011; Morales-Medina, et al., 2012;
Fasoyiro, et al., 2013).
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Maize as a tropical crops required adequate water and good sunshine, but has low resistance to draught and
pest. Today, technological advancements has increased usage of maize for animal feed, commercial alcohol
production and as human foods, etc. In Nigeria it is used for various foods like fermented gruel (“Ogi’),
roasting, cooking, porridge (“Tuwo”), confectionaries like “masa” bakery products, etc. Meanwhile, recent
forecast has shown that maize provides over 20 % of total calories in human diets in 21 countries and over 30
% in 12 countries home to a total of more than 310 million people (Shiferaw, et al., 2011). However, maize
continued to attract higher prices, thus affecting the cost of food production, especially breakfast cereals. The
identified problems are: increasing population demand, increasing demand by poultry feed industries,
decreasing production due to low disease and draught resistance and current climate change (Rosegrant et al.
2009; Shiferaw, et al., 2011), Maize also have nutritional profile deficiency in terms of its low protein, lysine
and tryptophan content but higher in methionine (FAO, 2009). Supplementations with legumes or animal milk
or meat have been used (Awoyinka, et al., 2016). In the legumes series the crops that could grow in draught
conditions, sandy and arid region is pigeon peas (Cajanus cajan) and it is called locally “Fio Fio” and “Otili”
in 1bo and Yoruba language of Nigeria respectively (Okpala & Okoli, 2011). It contains high protein content
and all essential amino acids, high in lysine but low in methionine and has found usefulness in treatment of
diabetes, heart and hypertension issues (Awoyinka et al., 2016). While supplementation with corn looks
desirable but it remains underutilized (Fasoyiro et al., 2010; Okpala & Okoli, 2011). Also, in the tropics,
sorghum is highly draught resistant and it has higher dietary properties in terms of being gluten-free, high in
fiber, good for diabetics, source of protein, packed with essential minerals, promotes bone health, helps lose
weight, preserves the health of digestive system, great source of proteins for vegetarians and vegans, rich in
antioxidants and extremely versatile grain (Tanwar et al., 2023).

Similar to sorghum is millets which is primarily starchy, small-grained and grown as cereal crops or grains for
fodder and human in semiarid plains of South Asia (particularly in India) and the Sahel region (South of the
Sahara) in Africa (Kumar et al., 2022; Kalsi et al., 2023). According to USDA (2012), millet and wheat both
have a protein level of approximately 11% by weight on a dry matter basis. Millets are also high in calcium,
iron, potassium, magnesium, zinc, and B vitamins, including niacin, B6, and folic acid with a Calorific value
of 335 Kcal/100g (Kalsi et al., 2023). Since none of the millets are closely related to wheat, they do not contain
gluten, making them suitable for consumption by people who have celiac disease or other wheat allergies or
intolerances (1beogu, 2020). As a result, employing it to produce different weaning food will contribute to the
benefits being accumulated for human consumption. Weaning and convalescent foods, beverages, and food
products have all effectively used millet. Nutraceuticals like cholesterol-lowering waxes and antioxidant
phenolic may be found in millets (1beogu, 2020). Thus, for developing countries to continue to survive there
is a need to reduce concentration in the usage of maize for meal production due to its current high prices by
focusing on other similar cereals like sorghum and millet and methods of improving their quality by
germination and supplementation with legumes like pigeon peas. Therefore, this study aimed was to produce
and evaluate quality attributes differences of oven baked flakes from different cereals of germinated
Maize/Corn, Sorghum and Millet with each supplemented with germinated pigeon peas.

Experimental

MATERIALS AND METHODS

Grains of Maize (Zea may’s), Millet (Pennisetum glaucum) and Sorghum (Sorghum bicolor L. Moench) and
pigeon pea (Cajanus cajan) were obtained from Sango market in Saki, Oyo State. Nigeria. While equipment
and the bench works were from the Department of Food Science and Technology, The Oke-Ogun Polytechnic
Saki, Oyo state Nigeria. All chemicals used for analysis were of analytical grade.

Sample preparation
Germination Procedure for Corn, Sorghum, Millet and Pigeon peas

Germination of grains was done using the method adopted by Egli et al., (2002 and Chikwedu, (2003);) with
some modification. Weighed whole seeds of maize, millet, sorghum and Pigeon peas were manually sorted to
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remove impurities. The grains were washed and then soaked with portable water (three times the weight of
seeds) in a separate plastic bowl for two hours. The soaked seeds were drained and then spread evenly on jute
sacks separately and were allowed to sprout at room temperature for 48hr with watering three times a day. A
sample of germinated seed is shown in Plate 1.

Preparation of Maize, Millet and Sorghum Flour

Germinated corn, millet and sorghum grains were steamed and parboiled in an electric steamer for 30mins and
then dried in dyer oven at 105°C for about 8hr. Roots and shoots were removed by crumbling manually within
hand palms, winnowed by blowing air across the mass and then milled using laboratory Wiley disc mill before
sieving to pass through a 40mm pore size sieve to yield flour. The flours (a sample is shown in plate 1) were
packed separately in HDPE bags, sealed and stored at a reduced temperature (4°C) in the freezer for further
usage.

Preparation of pigeon pea flour

Germinated pigeon peas grain was steam and parboiled for 20 min in an electric steamer, dried in an air dryer
oven at 60°C for 48 hr. and after cooling, shoots and roots were removed manually and seed coats were
removed using a Philips blender, winnowed by blowing air into it and was milled using laboratory Wiley disc
mill before sieving through a 40mm pore size sieve which was packaged into HDPE bags and then stored in
refrigerator for further usages. Plate 2 shows a flour sample.

Product Formulation and Flakes Production
Product formulation

Table 1: Product Formulation Design

SN Each Germinated Cereal (Maize / Pigeon Peas Flour (%) Ratio
Millet / Sorghum) Flour (%) Ratio

1 100 0

2 80 20

3 70 30

4 60 40

5 50 50

Table 1 shows the germinated pigeon peas at different ratio level (0, 20, 30, 40 and 50%) blended with each
germinated cereals (Maize/corn, millet and sorghum) flour using laboratory Kenwood electric mixer with
calculated amount of salt, sugar, and flavor added to each cereals mix. Each individual flour blend samples
were put into separate bowl (well labeled) and each were divided into 2 parts (2/3 of sample weight and 1/3 of
sample weight in well labeled plastic bowl

Production of Oven Baked Flakes

The first part (2/3 weight of sample) for each cereals mix flour were mixed with a measured quantity of water
to produce thin marshy slurry and the second part (1/3 weight of sample) was sprinkled with small quantity of
water to make bread crumbs like grits. The marshy portions were spread thinly and evenly into a baking pan
wrapped with parchment paper well labeled. While a small quantity of the bread-like crumbs was sprinkled on
the marshy portion evenly. The electric oven was set at 230°C and the time was set at 15 minutes. Each
sample was heated for the first 15 minutes, removed to cool and flakes were peeled off from the parchment
paper and then finally allowed to dry in the oven for another 5 minutes. The dried product was packaged into
HDPE nylon after cooling and then stored in a refrigerator until required for analysis. A sample of packaged
flakes is shown in the plates 1 below:
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Germinated Millet

Pigeon pea flour

Plate 1: Germinated Sorghum, Millet, Corn and Pigeon peas ; Sorghum, Pigeon pea flour ; Flakes
Analysis of Samples
Determination of Functional Properties of Flour Blends Samples

The bulk density of the flours was determined using the method described by Serna-Saldivar, (2010). Water
and oil absorption capacity and swelling index were determined by methods described by Iwe et al., (2016).

Proximate composition and minerals of Oven- Toast flakes

Proximate composition was determined in triplicates using the method described by A.O.A.C.,
(2012).Moisture was determined using oven drying method. Ash was determined by heating sample in muffle
furnace heated at 600°C to remove all moisture, volatiles and organics carbon dioxide and oxides of nitrogen,
Crude protein was determined using Kjeldahl method while crude fibers was determines gravimetrically as
reissue remaining after acid and alkaline digestion. Carbohydrate content was estimated by difference as %
Carbohydrate = 100 - (% Moisture + % Fat + % Ash+ % Crude fiber + % Crude protein). Minerals of
potassium, sodium, phosphorus, and iron in the flakes sample were determined as described by Sebastia,
2001). The mineral were determined using atomic absorption spectroscopy.

Determination of Anti-nutritional factors of Oven- Toast flakes

Phytic acid was based on colorimetric methods as described by Gao et al., (2007). Tannin was determined by
the preparation of tannins solution and absorption of the tannins on hydrated, chromed hide-powder as
described by Herderich and Smith, (2005). Saponin content was determined through spectrophotometry as
described by Trinidad et al., (2010). Oxalic acid content was determined by using capillary electrophoresis
method as described by Holmes and Kenedy, (2000)

Sensory Evaluation of Oven — Toast Flakes

Sensory characteristics of the toasted flakes were evaluated for different sensory attribute using the method
described by Armand and Howard (2006). 30 semi-trained panelists were briefed before the commencement of
the evaluation process that regularly consumes corn flakes and water was provided to rinse the mouth between
evaluations. Sensory attributes evaluated are appearance, taste, texture, crispiness, flavour and overall
acceptability. The rating was done using nine- point hedonic scale ranging from 9 (like extremely) to 1 (dislike
extremely).

Data Analysis of Samples
All measurement were carried out in triplicate, data obtained was subjected to analysis of variance (ANOVA)

at a 5% level significance level and means were separated using the Duncan Multiple Range Test by using
SPSS version 21.0.
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RESULT AND DISCUSSION

Table 2: Functional Properties of Flour Blends Samples

Cereal | Ratio | Qil Water Bulk Density | Swelling Swelling Swelling
Samples | % Absorption Absorption (g/mL) Index at Index at Index at
blends Capacity Capacity 90°C 70°C 50°C

(9/0) (g/re)
CP1 100:0 |1.37+0.66% 1.06+0.042 0.70+0.072 1.98+0.302 | 1.39+0.07° | 1.38+0.04°°
CP2 80:20 |0.35+0.15° 1.22+0.18°2 0.66+0.082 2.26+0.542 | 1.88+0.37® | 1.22+0.01°¢
CP3 70:30 | 1.31+0.032 1.54+0.60? 0.70+0.11% 2.3240.462 | 2.39+0.83% | 1.59+0.01°
CP4 60:40 | 0.93+0.03% 1.64+0.032 0.69+0.072 2.77+0.372% | 2.30£0.08% | 1.49+0.16%
CP5 50:50 | 1.38+0.27° 1.73+0.442 1.73+0.092 2.50+£0.31% | 2.75+0.34% | 1.24+0.01°
MP1 100:0 |1.22+0.172 1.40+0.10? 0.66+0.082 2.06+0.97% | 1.68+0.18* | 0.84+0.28%
MP2 80:20 | 1.09+0.40? 1.00+0.35% 0.66+0.14% 1.25+0.56° | 1.71+0.93% | 0.94+0.17°
MP3 70:30 | 0.94+0.062 1.28+0.022 0.62+0.082 2.14+0.17% | 1.25+0.21* | 0.81+0.24*
MP4 60:40 | 1.23+0.372 1.40+0.182 0.71+0.062 2.73+0.18% | 1.38+0.01* | 0.94+0.03?
MP5 50:50 | 1.04+0.012 0.56+0.39° 0.63+0.08° 3.07+0.24% |2.08+0.17% | 1.79+0.27°
SP1 100:0 | 0.84+0.18% 1.98+0.542 0.80+0.01% 3.77+0.17% | 2.51+0.11* | 1.96+0.752
SP2 80:20 | 0.70+0.232 1.05+0.08" 0.83+0.01° 3.22+1.10% | 2.00+0.34% | 2.15+0.32°
SP3 70:30 | 1.19+0.43°? 0.87+0.12" 0.79+0.01% 3.06+0.01% | 1.86+0.19° | 1.65+0.25%
SP4 60:40 | 0.95+0.832 1.45+0.04% 0.72+0.01" | 3.17+0.56% | 1.85+0.05° | 1.52+0.17°2
SP5 50:50 | 1.04+0.012 0.56+0.39° 0.63+0.08° 3.07+0.24% | 2.08+0.17% | 1.79+0.27°

Values are means + standard deviation of duplicate measurements. Means with the same superscript in the
same column are significantly different at 0.05 levels.

Key: CP1-5 = Corn: Pigeon peas flours Blend; MP1-5 = Millet: Pigeon peas flour Blend; SP1-5 = Sorghum:
Pigeon peas flour Blend

Table 2 shows the functional properties of each cereal flour blends. Comparing the cereal samples oil
absorption capacity (OAC) had higher values in corn (1.38 - 0.37) followed by millet (1.23 - 0.84) and
sorghum (0.70 — 1.19). Water absorption capacity increased in corn (1.06 — 1.73) but decrease in millet (1.40 -
0.56) and sorghum (1.98- 0.56) as the substitution increased. Bulk density value was lower in all the samples
decreasing in sorghum (0.83 - 0.63), corn (0.72 - 0.66) and millet (0.71- 0.62). The swelling Index increased as
the temperature of heating increased with highest values at 90°C and lowest values at 50°C. Sorghum had
highest values at a decreasing rate (3.77 - 3.07) followed by corn (1.98 — 2.77) and millet (1.25 — 3.07) at
increasing rate. At 70°C the swelling index increased in corn and millet but decreased in sorghum. While at
50°C swelling index decreased in corn and sorghum but increased in millet. Oil absorption capacity provides
an indication of the amount of oil bound to the protein structure which is affected by protein source, processing
conditions, composition of additives, particle size and temperature (Serna — Saldivar, S.O, 2010). Water
holding capacity reflects the ability of a protein to imbibe and retain water (via hydrogen bond, ionic bonds
and physical entrapment) and Fermentation or germination enhanced the hydrolysis of starch, which invariably
increased the water absorption index of the samples (Okpala & Okoli, 2011). Bulk density measures the
compartments of the milled flour and it is useful in flour packing and storage space. Swelling capacity is used
to measure the amount of water starchy materials can imbibe at a particular temperature (Fasoyiro et al., 2010)
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Table 3: Proximate composition of flake Samples

Cereal Ratio | Moisture Crude Fat Protein (%) | Fiber Ash Carbohydrate
A RN D (%) %) (%) %)

CP1 100:0 |8.1940.11%° | 10.54+0.45%¢ |9.88+0.88° | 0.79+0.01° | 0.71+0.01* | 69.90+1.47%
CP2 80:20 |8.49+0.38* |10.38+0.00° |10.50+0.0° | 1.05+0.00% |0.71+0.00° | 68.87+0.38%
CP3 70:30 | 7.85+0.17 | 11.08+0.04° |5.9446.45% |0.78+0.01° |0.68+0.03% | 73.68%6.21°
CP4 60:40 | 7.53+0.15° | 14.36+0.20* | 13.01£0.17% | 0.82+0.04° | 0.72+0.03* | 63.57+0.28°
CP5 50:50 | 8.02+0.143¢ |12.26+0.11° | 10.94+0.62° | 0.90+0.01° | 0.68+0.03% | 67.20+0.83%
MP1 100:0 |7.29+1.41* |10.61+0.16* |8.98+0.32% | 0.84+0.01®® | 0.85+0.04% | 71.44+1.94°
MP2 80:20 |7.08+0.22° | 6.59+0.30° 4.70+0.45° | 0.82+0.03° | 0.68+0.04" | 80.14+0.59%
MP3 70:30 | 7.51+0.64° | 6.70+0.34° 7.88+1.23% |0.88+0.03%® | 0.81+0.02% | 76.23+0.21°
MP4 60:40 | 7.06+0.42° | 3.08+0.21° 7.00+£2.47% |0.73£0.04° | 0.85+0.01% | 81.29+1.80?
MP5 50:50 | 6.09+0.56% | 10.31+0.21* | 4.82+0.62° |0.89+0.01% | 0.87+0.01% | 77.04+1.41"
SP1 100:0 |4.99+0.61¢ |10.38+0.06* | 6.63+0.54® | 0.91+0.04° |0.93+0.04* | 76.17+0.21°
SP2 80:20 | 6.86+0.14° | 4.18+0.23° 4.82+0.62° | 0.76+0.06° | 0.68+0.01" | 82.71+1.05"
SP3 70:30 | 6.2840.23° | 1.02+0.04° 3.51+1.24* | 1.36x0.05° | 0.73+0.02" | 87.12+1.47°
SP4 60:40 |8.21+0.13%° | 5.59+0.42° 6.93+0.12% | 0.90+0.04° | 0.62+0.03° | 77.77+0.23°
SP5 50:50 | 7.42+0.56% | 2.57+0.76¢ 5.51+2.65% | 0.91+0.03° | 0.63+0.03° | 82.98+1.28°

Values are means + standard deviation of duplicate measurements. Means with the same superscript in the
same column are significantly different at 0.05 levels.

Key: CP1-5 = Corn: Pigeon peas flours Blend; MP1-5 = Millet: Pigeon peas flour Blend; SP1-5 = Sorghum:
Pigeon peas flour Blend

Table 3 shows the proximate composition of flakes samples. Moisture had highest value in corn (8.49 -7.53 %)
followed by millet (7.51- 6.09% and sorghum (8.21 — 4.99%). Fat had highest value in corn (14.36 — 10.38%)
followed by millet (10.61 — 3.08%) and sorghum (10.38-1.02%). Protein had highest values in corn (13.01-
5.94%) followed by millet (8.98-4.70%) and lowest value in sorghum (6.93-3.51%). Fiber had highest values
in sorghum (1.36-0.91%) followed by corn (1.05-0.90%) and millet (0.89-0.73%). Ash content values were not
significantly different (p>0.05) among samples but had highest value in sorghum at the control level, millet at
the 50% level and corn at the 40% level. Carbohydrate had highest values in sorghum at increasing rate,
followed by millet and corn with the highest values in sorghum 30% level, millet at 40% level and corn at 30%
level. The flakes lower moisture content shows a possibility for a stable product during storage if adequately
packaged and kept under a cool atmosphere. While higher fat value in corn samples contributed by corn and
pigeon peas high fat content increases energy level, but consumption of low cholesterol pigeon peas is needed
to reduce heart-related issues (Awoyinka et al., 2016)). Protein increased contributed by germination and
addition of pigeon peas will assists in tackling low protein-energy malnutrition in developing nations
(Fasoyiro, et al., 2013; Powers et al., 2016; Hamid and Ahmed, 2022). Dietary fiber assists to reduce health-
related issues (Saxena et al., 2002; Trinidad et al., 2010) and values obtained could meet adults and the elderly
requirement if consumed daily. Ash is the total mineral content in foods having diuretic action in metabolism
and health-related issues (Morales-Medina, et al., 2012). While carbohydrate lower values among samples
could have been contributed by germination which reduces it content, thus making it a low carb meal (Okpala
& Okoli, 2011)
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Table 4: Mineral composition of flake Samples

Cereal Sample Ratio % | Potassium (K) | Sodium (Na) Phosphorus (P) | Iron (Fe)
mg/100g mg/100g mg/100g

blends mg/100g
CP1 100:0 201.01+13.989 |108.24+13.95°¢ | 113.33x7.64° |2.2020.57°
CP2 80:20 699.54+21.35" | 331.36+0.00°¢ 118.33+2.89% | 4.17+0.45°
CP3 70:30 592.38+27.95¢ | 303.47+0.00¢ 121.6745.77% | 4.40+0.10%
CP4 60:40 718.17+36.98° | 359.25+13.95° | 125.00+0.00% | 4.76+0.10%
CP5 50:50 802.04+27.95% | 424.33+21.30° | 128.33%7.64% | 4.94+0.21°
MP1 100:0 354.76+13.98° | 177.97+0.00° 124.67+4.16° | 3.69+0.68°
MP2 80:20 592.38+13.98¢ | 289.53+0.00¢ 130.33+0.58° | 4.17+0.27™
MP3 70:30 652.95+21.35° | 331.36+0.00° 131.00£1.00° | 4.94+0.37%®
MP4 60:40 788.06+13.98° | 401.09+0.00° 132.33+2.52° | 5.42+0.412
MP5 50:50 848.63+29.10° | 456.87+13.95% | 135.00£0.00* | 5.89+0.82
SP1 100:0 317.49+8.07° | 164.02+0.00° 116.67+2.89° | 4.40+0.10°
SP2 80:20 517.83+8.07¢ 261.64+0.00¢ 121.67+2.89° | 4.70+0.88¢
SP3 70:30 676.24+13.98° | 331.36+0.00° 128.33+2.89% | 7.14+0.18®
SP4 60:40 718.17+13.98° | 359.25+0.00° 131.67+2.89? 7.74+0.10%®
SP5 50:50 829.99+36.98% | 405.73+8.05° 133.33+2.89° | 8.21%0.18?

Values are means * standard deviation of duplicate measurements. Means with the same superscript in the
same column are significantly different at 0.05 levels.

Key: CP1-5 = Corn: Pigeon peas flours Blend; MP1-5 = Millet: Pigeon peas flour Blend; SP1-5 = Sorghum:
Pigeon peas flour Blend

Table 4 shows the selected minerals evaluated in the samples. In all the cereals samples mineral measured
substitution increased value with the highest value at 50% level. Potassium had the highest value in millet
(354.76 — 844.63mg/1009) and the lowest value in corn (201.01 — 802.04). Sodium had the highest values in
millet (177.97 — 456.87mg/100g) and lowest in corn (108.24 — 424.33mg/100g). Phosphorus value was highest
in millet (124.67 — 135.00 mg/100gm) and lowest in corn (113.33 — 128.33g/100mg). Iron content increases as
the substitution level increases with the highest value in sorghum (4.40 — 8.21mg/100gm) and the lowest value
in corn (2.20- 4.94mg/100gm). Potassium is useful in human diets by lowering blood pressure and heart -
related disease (FAO/WHO, 2002) but, high consumption of sodium has serious effects on human health by
increasing blood pressure and it is highly regulated (He and MacGregor, 2008). Pigeon peas high phosphorus
content contributed into high samples values which its health benefits have been highlighted (Duhan et al.,
2001). Pigeon peas high Iron content contributing to the high sample values and will assist in blood formation
(FAO/WHO, 2002)
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Table 5: Anti-nutritional factors of Flake Samples

Values are means + standard deviation of duplicate measurements. Means with the same superscript in the
same column are significantly different at 0.05 levels.

Key: CP1-5 = Corn: Pigeon peas flours Blend; MP1-5 = Millet: Pigeon peas flour Blend; SP1-5 = Sorghum:
Pigeon peas flour Blend

Table 5 shows the anti-nutritional factors of the samples flakes. In all the cereals samples anti-nutritional
values were lower values probably as a result of germinations Tannin was highest in sorghum (0.49-
0.95mg/gm) and lowest in corn (0.45 — 0.75mg/gm) at increasing values with the highest value at a 50% level.
Phytate was highest in corn at decreasing value (0.53 — 1.07mg/gm) and lowest in sorghum at increasing value
(0.22 — 0.47mg/gm). Saponin had lower values in all samples but the highest value was in corn at decreasing
value (0.05-0.27mg/gm) and lowest in sorghum at increasing value (0.01-0.07). Oxalate was highest in corn at
increasing value (0.20 -0.34mg/gm) and lowest in sorghum at increasing value (0.07- 0.42mg/gm). The
reduction of anti-nutritional values in all samples must have been contributed by germination which has effects

Cereal Ratio % Tannin Phytate Saponin Oxalate
i?]rgsle (mg/g sample) (mg/g sample) (mg/g sample | (mg/g sample
CP1 100:0 0.58+0.02° 1.07+0.012 0.27+0.012 0.25+0.01°
CP2 80:20 0.77+0.002 0.60+0.02 ¢ 0.11+0.01° 0.34+0.002
CP3 70:30 0.45+0.02°¢ 0.53+0.02°¢ 0.05+0.00¢ 0.20+0.01°
CP4 60:40 0.57+0.00° 0.53+0.03°¢ 0.06+0.01°¢ 0.25+0.00°
CP5 50:50 0.75+0.002 0.64+0.08° 0.08+0.01°¢ 0.33+0.002
MP1 100:0 0.44+0.01¢ 0.44+0.01¢ 0.11+0.012 0.16+0.03c
MP2 80:20 0.71+0.04° 0.71+0.04° 0.06+0.00° 0.18+0.01°¢
MP3 70:30 0.56+0.02¢ 0.56+0.02° 0.05+0.02° 0.21+0.022°
MP4 60:40 0.67+0.03° 0.67+0.03° 0.06+0.03° 0.23+0.022
MP5 50:50 0.85+0.09? 0.85+0.09? 0.08+0.02° 0.25+0.042
SP1 100:0 0.49+0.00¢ 0.31+0.04° 0.01+0.00¢ 0.07+0.01¢
SP2 80:20 0.53+0.04°¢ 0.22+0.01¢ 0.02+0.00°¢ 0.11+0.01°¢
SP3 70:30 0.68+0.02° 0.35+0.01° 0.05+0.00° 0.35+0.01°
SP4 60:40 0.94+0.002 0.45+0.032 0.06+0.00° 0.36+0.01°
SP5 50:50 0.95+0.002 0.47+0.022 0.07+0.00? 0.42+0.03?

in reducing anti-nutritional factors in grains (Khandalwal et al., 2009). Tannin has the properties of chelating
minerals intake and its lower level would enhance the quality of the meal (Chikwedu, 2003). Legumes have
high content of phyrtic acid (Duhan et al., 2001) and Pigeon peas are high in oxalate, but germination has
reduces it content which reduces its mineral chelating properties and lower limits have been recommended
(Chikwedu, 2003).

Table 6: Color of Flake Samples

Cereal Sample | Ratio % L a b
blends

CP1 100:0 34.18+0.192 2.494+0.45¢ | 2.20+0.06°
CP2 80:20 30.42+0.19" 2.61+0.21¢ | 2.99+0.122
CP3 70:30 30.19+0.19°¢ 2.33+0.35¢ | 2.45+0.21°
CP4 60:40 29.82+0.19¢ 3.51+0.19° | 2.92+0.12°
CP5 50:50 29.87+0.19 4.14+0.24% | 2.99+0.06 2
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MP1 100:0 35.43+0.63% 2.67+0.19% 0.55+0.17°
MP2 80:20 31.34+0.19° 1.59+0.28" 2.86+0.25°
MP3 70:30 30.15+0.111 0.79+0.52° 3.85+0.23%
MP4 60:40 31.41+0.57°¢ 2.67+0.32% 3.28+0.42°
MP5 50:50 33.21+0.41° 2.73+0.27% 3.21+0.19%
SP1 100:0 29.51+0.09° 3.64+0.05° 3.09+0.04°
SP2 80:20 28.93+0.11° 2.83+0.06° 3.61+0.212
SP3 70:30 29.76+0.09° 4.31+0.08% 2.81+0.07°
SP4 60:40 29.42+0.33% 3.74+0.12° 2.79+0.09°
SP5 50:50 28.56+0.19° 2.68+0.10° 3.43+0.12%

Values are means + standard deviation of duplicate measurements. Means with the same superscript in the
same column are significantly different at 0.05 levels.

Key: CP1-5 = Corn: Pigeon peas flours Blend; MP1-5 = Millet: Pigeon peas flour Blend; SP1-5 = Sorghum:
Pigeon peas flour Blend

Table 6 shows the colour differential of flakes samples. The known color of corn flakes had deviations as the
substitution increased. L value color decreased as the substitution increased among samples but had the highest
value in millet (30.15 — 35) and lowest value in sorghum (2.42 -29.76). While differential deviation shows that
substitution decreases the color of the flakes as they tends to go light brown from golden color. The a- value
was highest in corn at 50% level (4.14), millet at 50% level (2.73) and sorghum at 30% level (4.31). while the
b-value increased in corn both at 50% and 20% level (2.99), millet at 30% level (3.85) and sorghum at 20%
level (3.61). Color in grains is often supplied by carotenoids (Vit. A precursor) and could be affected by heat
(Yeum & Rusell, 2002).

Table 7: Sensory Evaluation of Flake Samples

Cereal | Ratio | Appearance | Texture Crunchiness | Color Taste Aroma Overall
Sample | % Acceptabi
blends lity

CP1 100:0 | 6.40+1.50* | 5.50+0.95% | 6.30+1.492 5.00+1.45% | 5.10+1.37° | 6.10+1.17% | 6.84+1.26%
CP2 80:20 | 6.05+1.47% | 5.80+1.20* | 6.50+1.15% 5.40+1.54% | 5.65+1.46% | 5.80+1.58% | 6.68+1.06%
CP3 70:30 | 6.00+1.65* | 5.65+1.18% | 6.10+0.972 5.45+1.32% | 5.80+1.54% | 525+1.25% | 6.26+1.33%
CP4 60:40 | 5.65+1.18* | 5.90+1.48% | 6.00+1.38? 5.45+1.43% | 6.05+1.28% | 5.60+1.57% | 6.21+1.58?
CP5 50:50 | 5.45+1.28% | 6.00+1.45% | 5.90+1.25% 5.60+1.54* | 6.15+1.35* | 6.00+2.05* | 6.84+1.30?
MP1 100:0 | 6.50+1.502 6.25+1.41% | 6.00+1.722 6.50+1.50% | 6.85+1.57% | 6.85+1.53% | 6.55+1.79%
MP2 80:20 | 6.25+1.59* | 6.40+1.54% | 6.30+1.92% 6.25+1.59% | 6.55+1.50% | 6.20+1.44% | 5.95+1.502
MP3 70:30 | 5.95+1.612 6.55+1.61% | 6.75+1.592 5.95+1.61% | 5.75+1.48° | 7.05+1.39% | 6.65+1.182
MP4 60:40 | 5.85+1.572 7.10+£1.37% | 5.95+1.502 5.85+1.57% | 6.30+1.53%® | 6.75+1.83% | 6.10+2.10?
MP5 50:50 | 6.20+1.74* | 6.25+1.48% | 6.40+1.96% 6.20+1.74% | 6.30+1.38% | 6.65+1.69% | 5.80+1.742
SP1 100:0 | 7.05+1.472 7.00+£1.86% | 7.20+1.582 7.05+1.47% | 6.50+1.19° | 7.20+1.20% | 7.70+1.172
SP2 80:20 | 6.75+1.41* | 6.65+1.27% | 7.15+1.95% 6.75+1.41% | 7.75+1.21* | 7.15+1.42* | 7.15+1.142
SP3 70:30 | 6.20+£1.70* | 7.15+1.35% | 6.90+1.94% 6.20+1.70° | 6.40+1.82° | 6.45+1.90% | 7.20+1.20°
SP4 60:40 | 6.80+1.70* | 6.60+1.50% | 6.20+1.96% 6.80+1.70° | 6.90+1.71%° | 6.60+1.14% | 5.90+2.13°
SP5 50:50 | 6.60+2.11* | 6.50+1.96% | 6.80+1.61% 6.60+2.11% | 6.60+1.79° | 6.70+1.92? 5'85i2'03a

Values are means + standard deviation of duplicate measurements. Means with the same superscript in the
same column are significantly different at 0.05 levels.
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Key: CP1-5 = Corn: Pigeon peas flours Blend; MP1-5 = Millet: Pigeon peas flour Blend; SP1-5 = Sorghum:
Pigeon peas flour Blend

Table 7 shows the sensory scores of the samples analyzed. Sensory scores show that substitution level affected
attributes rating. In terms of appearance sorghum flakes had the highest rating at 40% level and corn the lowest
at 20% level. Texture ranking was highest in sorghum at 30% level and lowest in corn at 50% level.
Crunchiness had highest rank in sorghum at 30% level and lowest in corn at 20% level. Color had the highest
ranking in sorghum at 100% level and lowest in corn at 50% level. The taste had the highest ranking in
sorghum at 20% level and lowest in corn at 50% level. The aroma had the highest value in sorghum at 100%
level and the lowest value in corn at 100% level. In the overall acceptability ranking sorghum was the most
acceptable (5.90 — 7.70) followed by corn (6.21 - 6.84) and millet (5.80 — 6.65). In overall acceptability
sorghum was highly rated at 100% level and lowest rating in corn at 50% level. Taste and aroma differential
might have been contributed by increased protein, sodium and beany flavor of pigeon peas.

CONCLUSION AND RECOMMENDATION

These results show that germination of grains and substitution of the cereals with pigeon peas legumes
increased nutritive values and functional and acceptability of the flakes product. The addition of pigeon peas at
lower levels to sorghum up to 30% level substitution makes the product more acceptable than corn indicating
that corn can also be replaced by other draught resistance cereals in breakfast cereals formulation and
production.
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