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Abstract

The present study prepared aims to demonstrate the quality evaluation of roasted and germinated composite flours.
Composite flour was prepared with wheat flour, maize flour, green gram flour and groundnut flour. Material balance
method was followed to get the required proportions of flours. The samples of first batch were raw and considered as
control flour. Second and third batch samples were roasted flour and germinated flour respectively. Roasting and ger-
mination were done by the standard methods. Proximate composition and functional properties were determined us-
ing the standard procedures.Protein content of germinated flour was significantly higher than other flours. Fat and
carbohydrate were degraded significantly (p<0.05) during processing. On germination, the water absorption index
increased significantly at 5 per cent level indicating the ability of flour to absorb water and an increase in the amount
of soluble materials, which can be easily digested. Germination increased water absorption capacity, foaming capacity
and solubility whereas roasting significantly affects bulk density, oil absorption capacity, swelling capacity and emulsi-
fication capacity.The present study concludes that the composite flours have better qualities that could be harnessed by
roasting and germination to meet nutritional requirements and recommended for incorporation in food preparations.
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1. Introduction

Composite flour technology is the process of mixing flours
for making various food products [1]. Germination and
roasting are the simple and easily adaptable technologies
for reduction of bulkiness [2]. Germination, roasting and
fermentation improves the nutritional quality of pulses
and cereals-based foods [3]; and these methods also help
to reduce cooking time and extend the shelf life of food
[4]. Germination/sprouting/malting is a biochemical
process which involves transition of a seed from dor-
mant state to vital active state. It is a simple technique that
improves the nutritive value of foods. Moreover roasting
of grains denatures proteins and improves their digestibil-
ity [5].Among cereals, most inhabitants use
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wheat as an ample food due to the scrupulous properties
of Proteins in flour [6]. Maize was traditionally grown as
staple food, primarily for household consumption [7].
Amongst legumes, mung bean is a widely consumed
pulse and is high in protein (25%), dietary fibre, vitamins
and minerals [8]. Groundnut is widely consumed legume
and it is rich in oil (48-49%) and protein (about 26%) [9].
Processing of a raw food material can modify proteins
and other components which can change the function-
ality and nutritional quality of the final product. The
term “functionality” in the context of food ingredients, is
defined as “any property, aside from nutritional attributes,
that influences an ingredients usefulness in food” [10].
The ultimate success of using protein rich flours depends
upon their functional attributes after processing and
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how they interact with other ingredients in the final
prouct. Application of flour from different sources in food
systems depends greatly on physiochemical and func-
tional properties of such food materials. Physicochemical
changes in flour proteins are known to affect functional
properties such as water and fat absorption capacities,
protein solubility and foaming characteristics [11]. This
study was aimed to formulate composite flour with cere-
als and legumes applying roasting and germination and to
evaluate the proximate composition and functional prop-
erties of the composite flours.

2. Materials and Methods

2.1 Processing of Raw Materials

The materials such as wheat, maize, mung bean and
groundnut were cleaned, shade dried and divided into
three batches. The first batch of material was raw and con-
sidered as control. Second and third batch samples were
roasted and germinated respectively by standard proce-
dures.

2.2 Formulation and Preparation of Mixture

Formulation is based on carbohydrate, protein, and fat
content of the blends. Algebraic equation is able to pro-
vide formulation that best fit the nutrient requirements
for infant’s food. From this design we obtained 4 systems
of equation:
Using  protein ~ (15%),  carbohydrate
55%) and fat (7%) as the
(targets), the following equations were obtained:
A+B+C+D=100 (1)
Where A = Wheat (Triticum aestivum) + B = Maize (Zea
mays) + C = Mungbean flour (Vigna Radiata L) + D =
Groundnut (Arachis hypogea).
0.118A+0.111B+0.24C+0.253D =15 (2)
0.712 A +0.662 B + 0.567 C+ 0.261 D=61.8 (3)
0.015A +0.036 B+0.013C+0401 D=7 (4)
Of these:
The line (1) was the representation of total mix
The line (2) was the protein equation
The line (3) was the carbohydrate equation
The last line (4) was the fat equation
There were several methods by which this resolution
may be done. Algebraic calculations permit to find the

(above
constraints

amounts of the flours needed. The amount of each flour
to be used was obtained by solving these four systems of
equation.
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Solving the above four equations by
using MatLab software results in:

A =39%, B=34%, C=14% and D = 13%
2.3 Determination of Proximate Compositio

Moisture, protein, ash, crude fiber and fat were estimated
using the AOAC method [12]. Carbohydrate was calcu-
lated by difference as the sum of the moisture, fat, protein
and ash contents were subtracted from 100 as given in
AOAC [12]. Food energy value of the samples was deter-
mined by the method given by Osborne and Voogt [13].
The energy value (kcal/100 g) is calculated based on the
protein, fat and carbohydrate content.

2.4 Determination of Functional Properties

Bulk Density (BD), Water Absorption Capacity (WAC)
and Oil Absorption Capacity (OAC), Emulsion Capacity
(EC), Swelling Capacity (SC) and Foaming Capacity (FC)
were determined using standard methods.

3. Results and Discussion

3.1 Proximate Composition of the
Composite Flours

From Table 1 moisture content of GCF was found to be
the highest (8.10£1.62%) followed by CCF (7.88+1.25%)
and RCF (6.40+1.18%).The different processing methods
employed in this study increased the moisture content in
order: Roasting < Control < germination.

Table 1. Proximate composition of the composite flours

Nutrients CCF RCF GCF
Moisture (%) 7.88+£1.25% 6.40+1.18° 8.10+1.62 ¢
Ash (%) 1.82+0.10 ™ 1.85+0.09 1.88+0.17
Protein (%) 14.12+1.18* 16.03£1.32° 21.24+2.60 ©
Fat (%) 6.92+1.02 ° 5.37+0.68" 5.23+0.89¢
CrudeFibre (%) 3.30+£0.48* 2.53+0.36° 2.4240.47 ©
Carbohydrates(%) 59.23+3.56 ° 57.45+4.58 ° 54.02+4.67 ©

Energy (Kcal) 350.69+26.35 * 348.26+35.12° 346.15+27.25°¢

Means with superscripts are significantly different at 5%
level. CCF - Control Composite Flour, RCF - Roasted
Composite Flour, GCF - Germinated Composite Flour
CCF had significantly higher crude fibre values as com-
pared to GCF and RCE Protein content of composite
flours varied between 14.12 + 1.18% in CCF and 21.24 +
2.60% in GCFE. However, the protein content of both ger-
minated
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and roasted composite flours were = signifi-
cantly higher than CCF (p<0.05). The increased
protein content could be due to proteases in the ger-
minating seeds [14] Fat content of RCF and GCF was
significantly (p<0.05) less than CCE Decrease in the.
fat content of the germinated blend might be due to the
increased activities of lipolytic enzymes. These enzymes
hydrolyze fats to simpler products which serve as a source
of energy for the developing embryo.

The germinated sample had significantly lower crude
fibre values as compared to non-germinated sample. It
might be because the activity of enzyme alphagalactosi-
dase increases which reduces levels of dietary fibre during
germination. The decrease in the polysaccharide and
mucilage content may be due to their utilization by the
growing sprouts.

Carbohydrate content was decreased significantly
(p<0.05) in GCF than CCF and RCE B-amylase activity
that hydrolyzes the starch into simple carbohydrate was
increased.

Moreover energy content of RCF and GCF was signifi-
cantly (p<0.05) lower than CCE Germination is a life
process for the sprouting plant, the energy reserves were
being used for the metabolic activities of the young shoot.
Thus, germination has a negative impact on energy con-
tent [15].

3.1 Functional Properties of Composite
Blends

Table 2. Functional properties of composite blends

Functional Control Roasted Germinated

Properties Blend Blend Blend
Bulk density (g/ml) 0.85 +0.03* 0.81+0.02° 0.79+0.01¢
WAC (g/g) 1.43+0.04° 1.19+0.03° 1.62 £ 0.06°¢
OAC (g/g) 0.68+0.10* 0.62 +0.21° 0.58 £0.11¢
Swelling capacity (ml) 16.14+0.04° 14.10 £ 0.03" 13.24+0.06°¢
Solubility (ml) 2.30£0.65° 3.45 +0.21° 4.00 £ 0.57¢
Foaming capacity (%) 16.40 £0.01* 13.46+0.06¢ 17.65 +0.03°
Emulsification capacity (%) 0.68+0.01* 0.48 +0.02° 0.56+0.02°¢

Values with superscripts are significantly different at (p<0.05).
Processing significantly (p<0.05) affected bulk density.
Germinated blend has the lowest bulk density. Low bulk
density of the blend might be attributed to hydrolysis of
its carbohydrate and fat and their subsequent utilization
for growth leading to reduction in its weight [16]. King
and Puwastien [17] made similar observation.

WAC values for the blends ranged from 1.43 (control) to
1.62 g/g (processed). Significant difference (P < 0.05) was
noted in the WAC of the samples.
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The germinated sample had higher WAC than the control
and roasted samples. On germination, the WAT increased
significantly (p<0.05) indicating the ability of flour to
absorb water. Thus, higher WAC of germinated samples
may be due to dissociation of the protein subunits during
the germination.

Significant differences were observed in OAC of the
samples. OAC of the samples ranged from 0.58 to 0.68
g/g. There was a significant (P<0.05) decrease in OAC of
processed samples. This could be attributed to configura-
tional changes in constituents of samples on processing.
The highest value of OAC was 0.68 for control sample fol-
lowed by the roasted sample (0.62) while the least value

(0.58) was observed for germinated sample. Oil retention
is due to physical entrapment of the lipid by the protein
[18]. There was a significant difference (P<0.05) in the
swelling capacity of the samples. The SC of the blends
ranged from 13.24 to 16.14 ml. The control sample had
the maximum SC of 16.14, while the germinated blend
had the least value.

Foaming capacity decreased from a value of 17.65% in
the germinated blend to a value of 13.46% in the roasted
blend. Germinated samples had the highest foam capacity
value (17.65%) among the blends while the roasted blend
has the least (13.46%) value. This low value for the roasted
flour is due to higher degree of protein denaturation.
Heating decreased emulsion capacity of blend samples.
Control and germinated blends had emulsion capacities
of 0.68 and 0.56 % respectively. The lower value (0.48%)
for the roasted sample is due to a higher degree of pro-
tein denaturation caused by dry heat, since the emulsion
capacity is based on nature of protein molecules and its
surface properties [19].

4. Conclusion

The study concluded that roasting and germination affect
the qualitative and quantitative characters proximate of
composite flours. Germination increased moisture and
protein content in composite flours. Roasting and germi-
nation significantly affect ash, fat, fibre, carbohydrate and
energy content. Germination increased water absorption
capacity, foaming capacity and solubility whereas roasting
significantly affects bulk density, oil absorption capacity,
swelling capacity and emulsification capacity. From this
study, it is noted that composite flours have good nutrient
content, which could beimproved to suit the various needs.
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