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Abstract

This study evaluated the chemical and sensory properties of breakfast meals produced from germinated Rice
(Oryza sativa) and Pigeon pea (Cajanus cajan). Two sample blends were formed with the blends at the ratio of
50%: 50% and 60%:40% germinated rice and germinated pigeon pea flour respectively. The control samples
were 100% un-germinated rice flour and 100% germinated rice. The functional and pasting properties of the
flours were determined. After this the breakfast meals were produced and their chemical and sensory properties
were evaluated. The bulk density of the flours ranged from 0.75 g/ml to 0.88 g/ml, water absorption capacity from
1.83t02.73 g/g, and solubility index from 1.31 to 2.41 g/ml. The Peak viscosity of the flours ranged from 254.00
to 513.92 RVU, final viscosity; 302.33 to 533.08 RVU, peak time; 4.13 to 4.80 mins and pasting temperature;
77.71080.6 °C. The crude protein, crude fibre and ash content of the breakfast meals ranged from 6.97 to 20.09%,
0.85 to 1.78% and 2.49 to 3.38 % respectively while anti-nutrients such as trypsin inhibitor, tannin and phytate
ranged from 1.17 to 7.34 TIU/g, 0.41 to 2.14 mg/100g and 2.13 to 8.50 mg/100g respectively. The mineral
composition of the samples ranged from 24.02 to 53.65 mg/100g for calcium, 1.15 to 1.95 mg/100g for iron and
10.33 to 29.62 mg/100g for Sodium. Breakfast meals produced with 100% germinated rice flour had the best
organoleptic properties. Production of breakfast meals from blends of germinated rice and pigeon pea flours
improved the nutrient compositions however, the organoleptic properties can further be improved for

commercialization.
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Introduction

As a result of changes in lifestyle and urbanization, the
consumption of ready-to-eat breakfast meals is
increasing. The major raw material in the production of
breakfast meals is grains, mainly; corn, wheat, oats, rice
and barley which are rich in carbohydrates thereby
justifying why they are usually served with milk.
Results from previous studies have shown that most
cereals are limited in essential amino acids such as
lysine, threonine and tryptophan and as such foods made
solely from them will be deficient in these essential
nutrients (D'Mello, 1993). Considering the high level of
malnutrition in Nigeria which poses a serious problem,
especially among children and the high cost of dairy
products, there is the need to supplement the cereal
grains used in making breakfast meals with under-
exploited legumes which have the potential to provide
better amino acid balance, dietary fibre, antioxidants
and mineral content in an economic way (Shrivastava
and Chakraborty, 2018).

Rice (Oryza sativa) is the most important staple food for

about half of the human race (Imolehin and Wada,
2000). Saka and Lawal (2009) classified rice as the most
important food depended upon by over 50 percent of the
World's population for about 80 percent of their food
need. In addition to its non-glutein characteristics, rice
contains mainly carbohydrate which makes up almost
80% of its total dry weight, fiber most of which is
contained in the bran and is lost during processing and a
high concentration of vitamins (B vitamins) and
minerals (Manganese, Magnesium, selenium,
phosphorus etc.) on the bran and germ. They are also
deficient in lysin just like other cereals (Katina et al,
2005). Cereal-based products are therefore
supplemented with legumes as a good source of proteins
including lysine and minerals (Awolu et al.,2017).

Pigeon pea (Cajanus cajan (L.) Millspaugh) is an
important grain legume crop grown in tropical and
subtropical regions of the world. It is called agbugbu or
fio-fio in Igbo, and waken Kurawa or otile in some
northern states. This perennial, drought-resistant
leguminous shrub is an important source of proteins (20-
22%), carbohydrates (65%), B-group vitamins, and
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minerals such as calcium (60.50 - 80.50mg/100g),
phosphorous (334.00 — 550.00mg/100g) and
magnesium (108 — 155mg/100g) (Kunyanga et al.,
2013; Ayenan et al., 2017) however, it is underexploited
in food product development. Nigeria accounts for
about 3.52% of the world's production of pigeon pea
(Bhattacharjee et al., 2013; Fatokimi and Tanimonure,
2021). The seed is eaten as a green vegetable and dry
pulse. Supplementation of cereals with protein rich
legumes is considered one of the best solutions to
alleviate protein-calorie malnutrition (Damaris, 2007)
which is increasing due to population explosion and
high food prices. The formulation of nutrient-rich food
items from an economic source like pigeon pea offers an
alternative strategy to combat the problem of
malnutrition (Pelletier ez al., 1995). Studies have shown
that although legumes are known for their high protein
content, their utility is limited because of their low
protein digestibility (Echendu ez al., 2009).

Germination is a simple process that is technologically
effective in improving the nutritional properties of
foods. It involves soaking the grains in water, allowing
the grains to germinate and then halting the germination
by drying them with hot air (Asouzu and Umerah,
2020). Germination develops the enzymes (a-amylase,
B-amylase) required for modifying the grains' starches
into various types of sugars (Liu and Xie, 2013;
MacLeod and Evans, 2016) while proteolytic enzymes
improve amino acid availability, particularly lysine,
methionine and tryptophane that are lacking in legumes
(Sokrab et al., 2012). Many researchers have studied the
effects of germination on the physical, physiological,
biochemical, nutritional and functional properties of
cereals and legumes and shown that germination can
contribute to the reduction of antinutrients such as
phytate thereby improving iron and zinc availability. It
can also decrease the tannins and total phenolic contents
(Olagunju and Ifesan, 2013). Vitamins (B and C)
content increases significantly during germination
(Coulibaly and Chen, 2011; Khatkar, 2013). Sokrab et
al. (2012) found that germination improves calcium,
copper, manganese, zinc, riboflavin, niacin and ascorbic
acid content. Germination also enhances dietary fiber
which plays an important role in gut health and also
helps in lowering plasma cholesterol (Vasishtha and
Srivastava, 2013). The objective of this study is to
produce and evaluate breakfast meals produced from a
blend of germinated Rice and Pigeon Pea flour.

Materials and Methods

Sources of Raw Materials

The major raw materials for this study were Rice paddy
(Oryza sativa) and Pigeon pea grains (Cajanus cajan
(L.) Millspaugh). The rice paddy was purchased from
Eke local Market in Ishiagu, Ivo Local Government
Area of Ebonyi state while the pigeon pea grains were
bought from New Haven market in Enugu state. Other
minor ingredients such as salt, sweeteners (sugar), milk,
butter and flavouring were purchased from Ubani local
market, Umuahia in Abia State. The laboratory analyses
were conducted at the laboratory of Food Science and
Technology Department, Umudike.

Sample Preparation

Production of germinated and un-germinated Rice
Flour (GRF & URF)

The rice paddy was divided into two portions; one
portion was sorted, cleaned, dehulled, winnowed,
milled and sieved (210um mesh size) to obtain un-
germinated rice flour (URF). The other portion was
germinated according to the method described by Kunze
(2005). The rice grains were sorted, cleaned and steeped
in water 25 °C for 36 hours with alternative 12 hours
wet-steep and 45 minutes air-rest period. At the end of
the steeping process, the rice grains were couched on
jute bags previously sterilized with dry heat. Samples
were germinated within a temperature range of 30 °C —
33 °C, for 3 days. Drying was performed in a hot air-
oven (Surgified Medical England model SM9123A) ata
temperature of 60 °C for 3 hours with continuous turning
to achieve uniform drying. Dried samples were
manually de-rooted by rubbing in-between the palms
followed by dehulling and winnowing to remove the
chaff. The dehulled rice was then milled with an attrition
mill and sieved (210um mesh size) to obtain germinated
rice flour (GRF) which was stored in a sealed plastic
container until required for further processing.

Production of Germinated Pigeon Pea Flour (GPF)
The method described by Asouzu and Umerah (2020)
was used in processing of germinated pigeon pea flour.
The Pigeon pea seeds (2kg) were sorted to remove dirt
and other extraneous materials. The seeds were then
steeped in water for 24 hours while changing the steep
water 6 hourly. The resultant steeped grains were thinly
spread on jute bags and allowed to germinate at a
temperature range of 30 — 33 'C for 4 days. The
germinated seeds were then dried in hot air oven
(Surgified model SM9123A) to a temperature of 54 °C
for 3 hours, cooled, de-rooted manually by rubbing in
between the palms, dehulled using abrasion and milled
into flour with an attrition mill and sieved (210pum mesh
size).

Blending of germinated rice and pigeon pea flours
The rice and pigeon pea flours were blended in the
followingratios: (Table 1).

Functional Properties of the Flour Blends

The bulk density, water and oil absorption capacity,
gelatinization temperature and swelling index of the
flour blends were determined using the methods
described by Onwuka, (2018).

Pasting Properties of Flour Blends

The method described by Ojo ef al. (2017) was adopted
to determine the pasting properties of the composite
flours using a Rapid Visco Analyzer (RVA 4500). A flour
sample (2.5 g) was weighed into a previously dried
canister and 25 ml of distilled water was dispensed into
the canister containing the sample. The suspension was
thoroughly mixed and the canister was fitted into the
Rapid Visco Analyzer (RVA 4500) as recommended.
Each suspension was kept at 50 °C for 1 min. and then
heated up to 95 °C with a holding time of 2 min.
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followed by cooling to 50 °C for 2 min. holding time.
The rate of heating and cooling was at a constant rate of
11.85 °C per min. Peak viscosity (PV), trough viscosity
(TV), breakdown viscosity (BDV), final viscosity (FV),
and set back viscosity (SBV), were read from the pasting
profile with the aid of thermocline for windows software
connected to a computer.

Production of Breakfast Cereal

The recipe used for the production of breakfast cereal is
presented in Table 2 and the production of breakfast
cereal was in accordance with the method described by
Dadaetal., (2017). The ingredients were mixed, and the
batter obtained was thinly poured on a well-greased
stainless-steel tray and placed in the gas oven at a
temperature of 100°C for 20mins. Until it was semi-dry
after which it was cut into small sizes and returned to the
oven at 280°C with continuous stirring for 15mins until
completely toasted.

Proximate Analyses on breakfast meals

The moisture, ash, fat, crude fibre and crude protein
content of the breakfast cereals were determined
according to the standard methods of AOAC (2005).
Carbohydrate content of the breakfast cereal samples
was determined by difference.

% carbohydrate =100 — % (protein + fat + fibre + ash +
moisture content)

Mineral Composition of Breakfast Cereals

The Calcium, Sodium and Iron content of the breakfast
cereals were determined according to the method of
AOAC (2005). The samples were ashed and 15mL of 6N
HCI was added and distilled water was used to make it
up to 100mL mark of the volumetric flask. Atomic
absorption spectroscopy (Perkin-Elmer, USA) was used
to analyze the calcium and iron content while the
sodium content was analyzed using a flame emission
spectrophotometer (Shimadzu Corporation and Kyoto,
Japan).

Analysis of Anti-nutritional Factors

Determination of phytic acid content

The sample (2 g) was weighed into 250 mL conical
flask; 100 mL of 2 % concentrated HCI was thereafter
added, allowed to soak for 3 h and filtered. The filtrate
(50 mL) was pipetted into 250 mL beaker, with 107 mL
ammonium thiocyanate solution added as an indicator
and titrated with standard iron I1I chloride FeCl, solution
(containing 0.00195 g iron/mL) until a brownish yellow
colour appeared and persisted for five minutes (Russell,
1980). The phytic acid content was calculated as
follows:

0.00195 x VF eCl 3 x DF

Phytic acid =
yticac d Weight of sample

(D

VF eCl,=volume of F eCl, consumed
DF = Total volume of extraction solvent added/volume
ofaliquot taken for the titration.

Determination of tannin content

The sample (0.2 g) was placed in a test tube, 10 mL of 1
% HCl/methanol was added, the test tube was capped,
continuously shaken for 20 min and then centrifuged at
2500 rpm for 5 min. Exactly 1 mL of the supernatant was
pipetted into fresh tubes, the absorbance was set at zero
and 1 mL blank solution was mixed with 5 mL 4 %
HCl/methanol and 5 mL vanillin reagent in a test tube.
The sample and blank test tubes were incubated for 20
min at 30 °C. Absorbance was read at 500 nm and the
concentration of condensed tannins was determined
from a standard curve (Trease & Evans, 1978). Tannin
concentration was expressed in % as follows:

C X volume of extract

Tannic content = Weight of sample (mg) *"" (2)
Where: C= Concentration corresponding to the optical

density

Determination of trypsin inhibitor

Tris-buffer (0.05 M, pH 8.2) containing 0.02 M CacCl,:
6.05 g tris- (hydroxymethyl) aminomethane and 2.94 g
CaCl,-2H,0 were dissolved in 500 mL of distilled water,
the pH was adjusted to 8.2 and the volume made up to 1
L with distilled water. About 2.0 mL of trypsin solution
was added to 1.0 g of the extracted sample in a test tube
and then placed in a water bath at 37 °C. Exactly 5 mL
hydrated Benzoyl-DL arginene-p-nutoanilide (BAPA)
solution was dissolved in dimethyl sulfoxide previously
warmed to 37 °C. The reaction was terminated 10 min
later by adding 1 mL of 30 % acetic acid. After thorough
mixing, the contents of each tube were filtered through
Whatman No.1 paper and the absorbance was measured
against the blank (Kakade, 1974).

Sensory Evaluation of the Breakfast Meals

The sensory evaluation of the breakfast cereal was
carried out according to the method described by Iwe
(2014). A total of 25 semi-trained panelists performed
the sensory test to assess the appearance, taste, aroma,
mouth-feel and overall acceptability of the breakfast
meal on a 9-point Hedonic scale (1 = dislike extremely
and 9 = like extremely). The breakfast cereals were
reconstituted in water, separately coded and presented to
panelists in individual booths to avoid bias. A
questionnaire describing the quality attributes of the
samples was given to each panelist. The panelists were
provided with portable water to rinse their mouth
between evaluations.

Statistical Analysis

The results of all determinations were expressed as
means of duplicate values. Data were subjected to One-
way Analysis of Variance (ANOVA) and significant
differences were detected using Duncan multiple range
test at 95% confidence level (p<0.05). An IBM SPSS
Statistical package (version 22.0) was used for all
statistical analyses.

Results and Discussion
Functional Properties of Flour Blends
Table 3 shows the functional properties of the flour
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samples. The Bulk density (BD) obtained in this study
ranged from 0.75 (100% URF) to 0.88 g/ml (50%
GRF:50%GPF) which is higher than 0.35g/mL reported
for maize-bambara groundnut flour blend by Mbata et
al, (2009). The bulk density of the germinated rice flour
and the blends were significantly (p<0.05) higher than
that of un-germinated rice flour. Suggesting that the
germinated rice flour and the blends are denser and
hence would occupy less space per unit weight which
suggests a better packaging advantage since more flour
can be kept in a given space (Ezeocha and Onwuka,
2010). The presence of fibre contributes to the bulkiness
ofaflour sample (Akinjayeju & Ajayi, 2011). This could
be responsible for the increase in bulk density of the
breakfast meals substituted with GPF as it has been
reported that pigeon pea is rich in fibre (2.28 — 3.06%)
(Anjulo et al., 2021). Suresh et al. ((2015) reported that
BD is also dependent on the particle size, starch, and
initial moisture content of flour.

The water absorption capacity (WAC) of the flours and
blends ranged from 1.83 (100% GRF) to 2.73 g/g (100%
URF) which were lower than the values of 2.20 to
4.81g/g reported by Tenagashaw er al. (2015) for
complementary foods from teft fortified with soybean
and Orange-fleshed sweet potatoes. The WAC of GRF
was significantly (p<0.05) lower than that of URF, this
may be due to hydrolysis of starch polymer into simpler
carbohydrates with lower WAC during germination
(Adebowale et al., 2010). Flours with low water
absorption produce thin gruels which are desirable in the
formulation of infant complementary foods (Onwuluzo
& Nwabugwu, 2009). Blending the germinated rice
flour with germinated pigeon pea flour significantly
(p<0.05) increased the WAC of the flours. This may be
due to an increase in polar groups as a result of low
molecular weight proteins produced during hydrolysis
that takes place during germination which influence the
hydrophilic capacity of the flour making it bind more
water (Kaur & Singh, 2005; Odoemelam, 2003). It could
also be due to the fact that pigeon pea contains highly
insoluble fibre which strongly absorbs water (Pla et al,
2006). Water absorption capacity (WAC) is the capacity
of the flour to absorb water and swell for enhanced
consistency in food (Blessing, 2014). It is desirable in
the production of breakfast meals. It depends on the
availability of the hydrophilic groups which bind the
water molecules (Tenagashaw et al., 2015). From the
above result, it can be deduced that germination
decreased the water absorption capacity of cereals and
the addition of germinated pigeon peas increased the
water absorption capacity of the flour blends.

The swelling index of the samples ranged from 1.31
(100%GRF) to 2.41 g/ml (60% GRF: 40% GPF). The
swelling index of 100% GRF was significantly lower
than that of 100% URF, however, blending GRF with
GPF significantly (p<0.05) increased the swelling
index. Swelling capacity is related to protein and starch
contents in foods (Woolfe, 1992) as well as the amylose
— amylopectin ratio of the starch (Adebowale et al,
2005). The differences in the swelling index may be due

to differences in the molecular organization of the starch
granules (Adebowale ez al., 2005). The swelling index is
a function of the volume increase of the product when
interacting with water. It is an indication of the extent of
associative forces within flour granules and depends on
the particle size, variety and type of processing or unit
operation (Obiegbuna ef al., 2019). The swelling index
(SI) is considered a quality measure in most food
products.

The gelatinization temperature (GT) of the flour blends
ranged from 77.60 (100% URF) to 80.65 °C
(50%GRF:50%GPF). Germination significantly
(p<0.05) increased the gelatinization temperature of the
rice flour and the addition of pigeon pea flour further
increased the gelatinization temperature of the flour
blends. This implies that the preparation of breakfast
meals made from the blends will consume more energy
than that made from 100% URF. GT is the temperature
at which food materials form gel or become gelatinous
(Ezeocha & Onwuka, 2010).

Pasting Properties of the Rice-Pigeon Pea Flour
blends

The result of the pasting properties of the flours and
blends are shown in Table 4. The peak viscosities (PV)
of the flours were significantly (p<0.05) different and
ranged from 254.00 (50%GRF:50%GPF) to 513.92
RVU (100% URF). The peak viscosity of the rice flour
was reduced in the germinated sample and in samples
substituted with GPF. This could be attributed to the
breakdown of starch into lower molecular weight sugars
during germination as well as the dilution of the
carbohydrate content of the flour blends with GPF with
lower carbohydrate content (54.36 — 60.1%) (Anjulo et
al., 2021). The low PV of 50%GRF:50%GPF indicates
that the flour will not form a very thick paste. PV reflects
the capacity of the starch to absorb water and swell. It is
suggestive of the strength of pastes which are formed
from gelatinization during processing (Maziya-Dixon et
al., 2007). The Trough Viscosity (TV) of the flour
samples ranged from 158.00 (50%GRF:50%GPF) to
358 RVU (100% URF). TV reduced with an increase in
GPF, this indicates that 100% URF can withstand high
heat treatments during processing than the flour samples
substituted with GPF. Trough viscosity is the minimum
viscosity in the constant temperature phase of the RVA
profile measuring the ability of paste to withstand
breakdown during cooling. High trough viscosity may
represent low cooking losses and better eating quality
(Bhattacharya et al., 1999). The breakdown viscosity
which reflects the stability of the peak viscosity ranged
from 76.00 (100% URF) to 174 RVU
(50%GRF:50%GPF). The BV of the flour samples is
significantly (p<0.05) different. Sample
50%GRF:50%GPF with higher BV implies that it is less
resistant to heat and shearing during cooking than the
other samples (Adebowale et al., 2005) which can be
attributed to the lower starch content of legumes such as
pigeon pea (Ayenor, 1985). The final viscosity of the
flour samples ranged from 302.33 (50% GRF:50%
GPF) to 533.08 RVU (100% URF). The final viscosity
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of the flour samples was significantly (p<0.05) different
from each other. The results show that the inclusion of
GPF significantly (p<0.05) reduced the final viscosity of
the flours. Setback viscosity is an indication of the
retrogradation tendency of a paste (Sandhu ez al., 2007).
The highest setback value was observed in
50%GRF:50%GPF (164.33RVU) suggesting its lower
propensity to exhibit retrogradation which is a beneficial
attribute. The results indicated that flours with GPF
substitution have lower retrogradation potential than the
100% URF and GRF. This can be attributed to the high
fibre content (2.28 —3.06%) of pigeon pea (Anjulo e al.,
2021) as fibre has been reported to have good water
absorption property that gives good stabilizing effects
on foods (Ahmed et al., 2018). The pasting temperature
of the flour samples ranged from 77.7 to 80.6 °C. This is
the minimum temperature needed for gelatinization
which is important in managing energy costs (Kaur &
Singh, 2005). The pasting temperature of all the samples
is lower than the boiling point of water (100°C), which
shows that they can form a paste in hot water below the
boiling point. Peak time which is the total time taken by
each sample to get to its peak viscosity; ranged from
4.13 (100% URF) to 4.80 (50%GRF:50%GPF).

Proximate Composition of Rice-Pigeon-
BasedBreakfast Meal

The results for the proximate analysis are shown in
Table 5. The moisture content of the samples ranged
from 4.74 (100% GRF and 50GRF: 50GPF) to 7.84%
(100% URF) which was within the acceptable range (<
10%) to ensure shelf stability (Blessing, 2014). There
were significant (p<0.05) differences in the moisture
content of the samples. The low moisture content of the
breakfast meals makes them easy to store at room
temperature and less prone to fungal and microorganism
infections. The crude protein content of the breakfast
meals ranged from 6.97 (100% URF) to 20.09% (50%
GRF:50%GPF). The crude protein of the breakfast
meals Showed a progressive increase significantly
(p<0.05) with the addition of GPF. A similar observation
was made by Chinma et al. (2022) on biscuits prepared
from germinated finger millet and Bambara groundnut
flour blends. Legumes such as pigeon pea, have higher
protein content (19.28 — 25.79%) than cereals such as
rice, maize etc. (Anjulo et al., 2021). The crude fiber
content of the breakfast meals ranged from 0.85 (100%
GRF) to 1.78% (50% GRF: 50% GPF). Crude fiber
contents of the blends increased slightly with the
substitution of GRF with GPF. Crude fiber which is
comprised of indigestible carbohydrates such as
cellulose, hemicellulose, pectin, and lignin; reduces the
rate of release of glucose into the bloodstream and also
reduces inter-colonic pressure thereby reducing the risk
of colon cancer (Awuchi, 2019). The fat content of the
breakfast meals ranged from 1.06 (100% GRF) to 1.52%
(100% URF). The use of fat as an energy source and
increased activities of the lypolytic enzymes during
germination which hydrolyzed fats to fatty acids and
glycerol may explain the low-fat content of the samples
from 100% GREF. The fat content observed in this study
is similar to the values of 1.30 to 7.34% reported by

Nwosu et al. (2013) for malted pigeon pea flour. The
relatively high-fat content of samples from 100% URF
implies that it can give more energy and contain more
fat-soluble vitamins than the other samples. The
generally low-fat content of the breakfast meals implies
that they are not vulnerable to oxidative rancidity
(Tenagashaw et al., 2015). The ash content ranged from
2.49% (100% URF) to 3.38% (50% GRF:50% GPF).
The ash content of samples from 100% GRF was
significantly (p<0.05) higher than that from 100% URF.
It was observed that the substitution of GRF with GPF
caused a corresponding increase in the ash content of the
breakfast meals. This could be due to the fact that pigeon
pea is a rich source of minerals such as calcium,
potassium, phosphorus and magnesium (Samaila et al.,
2020). An increase in ash content as a result of GPF
addition to GRF could imply an increase in the number
of minerals in the breakfast meal. Minerals are essential
micronutrients which serve a variety of essential
functions in metabolism and are among the parts of
biomolecules such as hemoglobin, deoxyribonucleic
acid (DNA), and adenosine triphosphate (ATP)
(Awuchi, 2019). The carbohydrate content ranged from
68.15% (50% GRF:50% GPF) to 81.22% (100% GRF).
There was a significant (p<0.05) decrease in
carbohydrates with the inclusion of GPF in the breakfast
meals. This could be due to the fact that pigeon pea flour
has less carbohydrate content (54.36 —60.1%) than GRF
(81.22%) (Anjulo et al., 2021). Carbohydrates are good
sources of energy (Awuchi, 2019). A high concentration
of carbohydrates is desirable in breakfast meals.

Mineral Composition of Germinated Rice- Pigeon
Pea-based Breakfast meal

The mineral contents of the breakfast meals are shown
in Table 6. The calcium content of the breakfast meals
ranged from 24.02 (100% URF) to 53.65 mg/100g (50%
GRF:50%GPF). The calcium content increased with
the addition of GPF. The values obtained suggested that
the consumption of every 100 g of the breakfast meal
would result to a calcium intake that is below the
FAO/WHO recommended daily intake for calcium of
different target consumers such as Infants and children
of 0 to 9 years (300 to 700 mg/day), Adolescents of 10 to
18 years (1300 mg/day), adults of 19+ years (1000 to
1300 mg/day), pregnant women (1200 mg/day) and
lactating women (1000 mg/day) (FAO/WHO, 1998).
Calcium has been found to promote bone formation,
contraction of the muscles and assists in blood clotting.
Although the breakfast meals with the inclusion of GPF
had improved calcium contents, it is still below the
FAO/WHO recommended daily intake and might
possibly not provide the needed calcium for the body's
needs. Hence they need to still take breakfast meals with
milk which is a rich source of calcium. The sodium
content of the breakfast cereal ranged from 10.33 (100%
URF) to 29.62 mg/100g (50% GREF:50%GPF). The
breakfast meals from the GRF and GPF blends had
higher sodium content than the control sample (100%
UREF), thus, the production of breakfast meals from rice
and pigeon pea flours resulted in products with higher
sodium content. Low sodium content is beneficial to
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health, especially in the aspect of blood pressure
regulation (Onwuka, 2018). The iron content of the
breakfast meals ranged from 1.15 (100% URF) to 1.95
mg/100g (50% GRF:50%GPF). The addition of GPF
resulted in a significant (p<<0.05) increase in the iron
content of the breakfast meals. However, the iron
content of the breakfast cereals was below the
recommended daily intake for infants and children (5.90
to 6.20 mg/day), adolescents (9.30 to 20.70 mg/day for
females and 9.70 to 12.5 mg/day for males) and adults
(19.60 mg/day for females and 9.10 mg/day for males)
respectively (FAO/WHO, 1998). Iron deficiency leads
to anaemia (World Health Organization, 2001).

Anti-Nutritional Composition of the Breakfast Meals
The results of the anti-nutrient composition of the
rice—pigeon pea-based breakfast meals are shown in
Table 7. The trypsin inhibitor of the breakfast meals
ranged from 1.17 (100% GRF) to 7.34 mg/100g (50%
GRF:50% GPF). The result from this work shows that
the inclusion of germinated pigeon increased the trypsin
inhibitor content of the breakfast meals. The low trypsin
inhibition content of breakfast meals from 100% GRF
could be a result of germination which had a
significantly decreasing effect on the trypsin inhibitor
content of the breakfast meals. Trypsin inhibitors cleave
with proteins thereby preventing the binding of protein
and trypsin thus affecting the digestion of protein
(Aviles-Gaxiola et al., 2018). The values obtained in this
study are quite low and might not influence protein
digestion negatively. The tannin content ranged from
0.41 (100% GRF) to 2.14 mg/100g (50%GRF:
50%GPF). Addition of GPF resulted in increased tannin
content in the breakfast meals. However, the tannin in
the breakfast meal was generally below the reported
lethal dose of 90 mg/100g (Ifie and Emeruwa, 2011).
Therefore, the tannin level in breakfast meals might not
influence digestion negatively since high tannin
concentration interferes with protein digestibility
(Ferrell and Thorington, 2006). The Phytate content
(2.13t0 8.50 mg/100g) of the breakfast meals was lower
than 25 mg/100g, which is the amount considered lethal
to health (Ifie and Emeruwa, 2011). The Germinated
samples (100% GRF, 50% GRF:50% GPF and
60%GRF:40%GPF) had lower phytate contents
compared to the control sample (100% URF) which
recorded the highest phytate content. The reduction in
phytate is possibly due to the effect of germination, as
soaking and germination processes reduce antinutrients
like phytic acid (Thakur et al., 2021). Phytate is often
considered an antinutrient because it binds minerals
(Zn™,Fe”/", Ca™,Mg”,Mn”", and Cu”") in the digestive
tract, making them unavailable (Pirgozliev et al., 2019).

Sensory Properties of Germinated rice-pigeon pea-
based breakfast Meals

The sensory scores of the rice-pigeon pea-based
breakfast meals are presented in Table 8. Appearanceisa
significant parameter in assessing the quality of food
materials; it is also a pointer to raw materials and the
adequacy of formulation of the product (Ogundele et al.,
2015). The appearance score of the breakfast meals

ranged from 5.55 (50% GRF: 50% GPF) to 7.75 (100%
GRF). The slightly liked appearance of 50% GRF: 50%
GPF breakfast meal could be attributed to the darker
colour of the sample which could be a result of Maillard
reaction between the amino acids in GPF and reducing
sugars in GRF during drying.Taste is the sensation of
flavor perceived in the mouth and throat on contact with
a substance and it is one of the most important attributes
watched out for in a food product. Taste could be
affected by the types and quality of ingredients and
could also depend on the formulation of the food
material (Small and Prescott, 2005). Means of taste
scores of the breakfast meals ranged between 5.10 (50%
GRF: 50% GPF) and 8.00 (100% GRF). The low taste
score of the blended samples could be attributed to the
beany after taste which was impacted on the samples by
the GPF. Hence, the taste of the breakfast meal with 50%
inclusion of GPF was neither liked nor disliked (5.10).
Aroma is a distinctive, typical pleasant smell perceived
by the olfactory sense (Small and Prescott, 2005). The
breakfast meal with 100% GRF scored the highest
(7.75) for aroma and did not differ significantly (p>
0.05) from 100% URF (control), while the sample with
50% GRF:50% GPF scored the least (5.75). This
implies that the inclusion of GPF to the breakfast meal
up to 50% made the aroma to be liked slightly (5.75) by
the panelists. The texture score range of the breakfast
meals was 5.30 (50% GRF: 50% GPF) to 7.65 (100%
GRF). From the result, the inclusion of germinated
pigeon pea flour significantly (p<0.05) reduced the
texture of the breakfast cereals. This could be due to the
reduction in starch content which reduced the ability of
the samples to bind to each other when reconstituted.
From the panelists score, the texture of samples with
50% GRF: 50% GPF was neither liked nor disliked
(5.50). The breakfast cereal with 50% GRF: 50% GPF
had the lowest overall acceptability score (5.75) which
was significantly (p < 0.05) different from that of
samples from 60%GRF: 40%GPF (6.16) and 100%
UREF (7.90) while samples with 100% germinated rice
flour had the highest general acceptability score (8.15).
Overall acceptability refers to the general acceptance of
the product with reference to all the discriminating
sensory attributes of the sample (Ogundele et al., 2015).
Generally, the results showed that the substitution of
GRF with up to 50% GPF in the production of breakfast
meals reduced the acceptability of the breakfast meal
but however, the product was still liked slightly.

Conclusion

The addition of germinated pigeon pea to germinated
rice significantly improved the nutrient composition of
the breakfast meals in all the parameters measured. The
functional and pasting properties of the germinated rice
flour were greatly improved with the addition of
germinated pigeon pea flour. All the breakfast meals had
appreciable acceptability except the 50:50 germinated
rice and pigeon pea-based breakfast meal which had the
least acceptability in terms of appearance, taste, mouth
feel and aroma. The inclusion of germinated pigeon pea
even though improved the nutrient composition of the
breakfast meals adversely affected its sensory
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acceptability. Both nutrient and sensory acceptability
are key quality parameters of a product. Hence there is
need for further study on ways to improve the sensory
properties of this nutritious breakfast meal.
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Table 1: Blending ratios of germinated rice and pigeon pea flours (%)

Sample Codes Un-germinated Rice Flour Germinated Rice Flour Germinated Pigeon Pea Flour
(%) (%) (%)

URF (control) 100 0 0

GRF 0 100 0

S0GRF:50GPF 0 50 50

60GRF:40GPF 0 60 40
Table 2: Recipe table for germinated rice-pigeon pea flour-based breakfast meals.

Ingredients Amount (g)

Flour 250g

Sugar 50g

Salt 2g

Flavor Sml

Water 130ml

Table 3: Functional properties of rice-pigeon pea composite flours

Samples BD (g/ml) WAC (g/g) SI (g/ml) GT (°O)

100%URF 0.75°+ 0.07 2.732+ 0.08 1.93°+£0.02 76.70¢ £ 0.03
100%GRF 0.83°+0.04 1.83¢£0.12 1.319£0.05 78.20° + 0.05
50%GRF:50%GPF 0.88*+0.05 2.21°£0.10 2.26°+0.03 80.65*+0.02
60%GRF:40%GPF 0.83°+0.03 2.34°+0.14 2.41°+£0.02 79.85°+ 0.00

Values are means + standard deviation of duplicate determination. Mean values in the same column with different
superscripts are significantly (p<0.05) different. Keynote: BD-Bulk density, WAC - Water absorption capacity, SI -
Swelling index, GT- Gelatinization temperature. URF — control (Un-malted rice flour), GRF - Malted rice flour,

GPF- Malted pigeon pea flour
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Table 4: Pasting properties of rice-pigeon pea flour blends

Samples 100% URF 100%GRF 50%GRF:50%GPF 60%GRF:40%GPF
Peak Viscosity (RVU) 513.92*+0.50 490.33* £ 0.20 254.00¢ £ 0.50 313.90°£0.71
Trough I (RVU) 385.25¢+0.12 289.50°+0.41 158.00* + 0.54 263.67°+0.73
Breakdown (RVU) 174.674+0.36 100.83°+0.50 76.00% + 0.35 90.25*+0.24

Final viscosity (RVU) 533.08°+£0.83 418.75¢+0.71 302.332 £ 0.87 326.42° £ 0.60
Setback visc. (RVU) 127.83* £ 0.51 129.25°£0.25 164.332+£0.15 160.75*+0.50

Peak time (min) 4.132+0.02 4.252+0.01 4.80°+0.02 4.67°£0.05

Pasting Temp.(°C) 77.7*+0.01 78.9° £ 0.00 80.6¢ £ 0.02 79.2¢+0.02

Values are means + standard deviation of duplicate determinations. Mean values across the same row with different
superscripts are significantly different (p<0.05). Keynote: URF (Un-germinated rice flour), GRF (germinated rice
flour) , GPF (germinated Pigeon pea flour)

Table 5: Proximate composition of Rice-Pigeon base breakfast cereal

Components 100% URF 100% GRF 50% GRF:50%GPF  60%GRF:40%GPF
Moisture content (%) 7.84% £+ 0.04 4.749£0.04 5.35°+0.04 5.93°+0.03

Crude protein (%) 6.97¢+0.03 9.15°+0.02 20.09*+ 0.02 16.81°+0.02

Crude fibre (%) 1.43¢+£0.03 0.859+£0.02 1.78* £ 0.02 1.66°+0.02

Fat (%) 1.522+0.02 1.069+0.02 1.25°+0.02 1.18¢+0.01

Ash (%) 2.49¢+0.02 2.98°+£0.01 3.382+0.01 3.20°+0.02
Carbohydrate (%) 79.75° £ 0.02 81.224+ 0.04 68.154+0.01 71.22¢+0.01

Values are means * standard deviation of duplicate determination. Mean values in the same row with different
superscripts are significantly different (p<0.05). Where; URF = Un-germinated rice flour, MRF = Germinated rice
flour and MPF = Germinated Pigeon pea flour

Table 6: Mineral Composition of the breakfast meals

Samples Calcium (mg/100g) Sodium (mg/100g) Iron (mg/100g)
100% URF 24.02¢+0.02 10.33¢+0.03 1.15¢4+0.02
100% GRF 40.35¢+0.01 13.53°+0.02 1.37¢+0.05
50%GRF:50%GPF 53.65*+0.03 29.62% + 0.05 1.958+0.01
60%GRF:40%GPF 48.11°  £0.02 24.36 £ 0.02 1.71°+0.03

Values are means = standard deviation of duplicate determination. Mean values in the same column with different
superscripts are significantly different (p<0.05). Where; URF = Un-germinated rice flour, GRF = germinated rice
four and GPF = germinated Pigeon pea flour

Table 7: Anti-nutritional properties of germinated rice-pigeon pea-based breakfast cereal

Samples Trypsin inhibitor (TIU/g) Tannin (mg/100g) Phytate (mg/100g)
100% URF 4.82¢+0.03 1.87°+0.01 8.50°+0.28
100% GRF 1.17¢4£0.02 0.414+0.02 2.134+0.03
50%GRF:50%GPF 7.34*+£0.04 2.14*+0.05 5.95°+0.02
60%GRF:40%GPF 6.32°+ 0.07 2.02°+0.02 5.28°+0.05

Values are means * standard deviation of duplicate determination. Mean values in the same column with different
superscripts are significantly different (p<0.05). Where; URF= un-germinated rice flour, GRF= Germinated rice
flour, GPF= Germinated pigeon pea flour

Table 8: Sensory properties of germinated rice-pigeon pea-based breakfast meal

Samples Appearance  Taste Texture Aroma Overall acceptability
100% URF 7.65°+£0.81  7.60°+1.54 7.10°+£1.74 7.75%+£1.02 7.90°+1.02
100% GRF 7.75*+£1.07 8.00*+0.97 7.65°+135 7.75*+1.16 8.15°+1.04
50% GRF:50%GPF  6.26°+1.94 5.104+2.20 5309+£2.15 5.75°+£1.86 5.75¢+1.86
60% GRF:40%GPF  5.55¢+1.88 5.79°+1.93 5.58°+222 5.89°+2.00 6.16°+2.17

Values are means =+ standard deviation of duplicate determination. Mean values in the same column with different
superscripts are significantly different (p<0.05). Where; URF = Un-germinated rice flour, GRF= Germinated rice
flour, GPF = Germinated pigeon pea flour
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