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ABSTRACT
Corn and peanut were subjected to germination, fermentation and roasting. Highest
protein (11.83 %), crude fibre (1.98 %) and ash (2.10 %) content was recorded in germinated
corn flour as compared to raw flour which had 9.96 % protein, 1.83 % crude fibre and 2.04 %
ash content. Protein (26.86 %), crude fibre (3.44 %) and ash (2.93 %) were also highest in
germinated peanut flour as compared to raw flour. Germination and fermentation resulted in
decrease in crude fat and carbohydrate content of grains. The significant increase was observed
in crude fat (48.32 %), ash content (2.74 %) and carbohydrate (21.25 %) content as a result of
roasting of peanuts while protein (22.17 %) and crude fibre (2.61 %) decreased as compared to
raw. These pre-processing treatments also caused decline in tannins and phytic acid, increased
mineral content and improved functional properties.
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Introduction
Cereals, in general and Corn or maize (Zea mays L.), in particular constitute a solution to
the high food demand throughout the world. Indeed, it is one of the staple foods in Africa, Asia
and Latin America (Mariame, et al., 2013). Together with rice and wheat, maize provides at least
30% of the food calories to more than 4.5 billion people in 94 developing countries (Sharma,
2013). Corn is an important source of carbohydrates, proteins, vitamin B, and minerals (Latham,
1997). Nutritionally, maize is a relatively poor cereal when it comes to the quality of its protein,
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because it has limiting amount of two essential amino acids, lysine and tryptophan (Azevedo et
al. 1997). Peanut or groundnut (Arachis hypogaea L.) seed contains 44 to 56% oil and 22 to 30%
protein on a dry seed basis and is a rich source of minerals (P, Ca, Mg and K) and vitamins (E, K
and B) (Savage and Keenan, 1994). Groundnut is used to improve protein content and quality of
several cereal-based food products in world.
A variety of methods are used to process cereals and making them more edible with
improved flavour, texture, extended shelf life and lesser toxins. Germination is an inexpensive
and effective technology for improving availability of nutritionally valuable substances such as
antioxidants, minerals, vitamins, and dietary fibres and diminishing the anti-nutritional factors in
cereals and legumes (Kaukavirto-Norja et al., 1998; Daramola et al., 2008; Sodipo and Fashakin,
2011). Fermentation, a desirable process of biochemical modification of primary food matrix
brought about by microorganisms and their enzymes provides a natural way to destroy
undesirable components enhances the nutritive value and appearance of the food and reduces the
energy required for cooking (Simango, 1997; Yasmine, 2002; Parveen and Hafiz, 2003).
Fermentation of cereals and legumes increases the level of some nutrients, improves digestibility
and bioavailability, decreases the level of anti-nutrients, increases nutrient density and imparts
some antimicrobial property (Onweluzo and Nwabugwu 2009a). Roasting can also provide an
increased bioavailability and functionality of certain nutritional components (Van et al., 2010).
Roasting is central to the development of color, flavor and texture through chemical reactions,
heat transfer and drying (Simsek, 2007; Donno et al., 2013).
The preference for naturally preserving as well as health enhancing foods are driving
factors for research and development in the area of functional foods owning to the increasing
cost of healthcare. Therefore an attempt was made to evaluate the effect of traditional processing
methods (roasting, germination and fermentation) on the properties of the flour made from corn
and peanut.

Materials and Methods
Germination, fermentation and roasting of raw materials
Corn and peanut grains were obtained from a local market and cleaned manually. The
corn and peanut were germinated as described by Griffith et al. (1998b) and milled to flour.
Another batch of corn was kept for fermentation for 3 days as described by Mbata et al. (2009)
and Steve et al. (2011) and milled to flour. Other batch peanuts were roasted at 120° C for 10
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min. On cooling, the hulls of the nuts were manually rubbed off and winnowed followed by
milling to flour (Emmanuel and Okorie, 2002). The germinated corn and peanut flour, fermented
corn flour and roasted peanut flour were sieved and packed in plastic container sealed with
aluminum foil and stored at room temperature for further analysis.

Analysis
Proximate analysis was carried out on the raw and processed flours. The moisture content
percentage crude protein, crude fat, crude fiber and ash content were determined based on the
official methods of analysis (AOAC, 1998). Percentage carbohydrate was determined by
difference.
Functional properties such a bulk density was determined using the method of Wang and
Kinsella (1976). Swelling capacity was determined with the method described by Tester and
Marrison (1994). Dispensability was measured by method described by Kulkarni et al., (1991).
Iron and zinc were determined by wet digestion with nitric and perchloric acids. The
samples were digested following the procedures of Jackson (1973) using diacid mixture of nitric
acid and perchloric acid (HNO3:HClO4) in 9:4 ratio. The amount of iron and zinc were
determined by atomic absorption spectrophotometer. Calcium was estimation by titration method
given by Jaiswal (2003)
An anti-nutritional compound, phytic acid was extracted as described by Wheeler and
Ferrel (1971) and tannin content was determined by the Folin-Denis method (Sadasivam and
Manickam, 1996).

Statistical analysis
The results obtained were statistically analyzed using completely randomized design
(CDR) for interpretation of results through analysis of variance.

Results and Discussion
Proximate composition of corn and peanut flour
There were marked variations in the composition of the samples as a result of germination,
fermentation and roasting. The proximate composition of corn and peanut flour processed by
different methods is presented in Table-1. The moisture (9.47 per cent), fat (4.04 per cent) and
carbohydrate content of raw corn flour was significantly higher (72.65 per cent) except moisture
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which was non-significantly higher than germinated and fermented corn flour. Protein and ash
content increased significantly in case of fermented and germinated than that of raw. While fibre
content of raw corn flour was 1.83 per cent which increased in germinated corn flour (1.98 per
cent) and decreased in fermented (1.67 per cent) corn flour. On the other hand, the protein (26.86
per cent), crude fibre (3.44 per cent) and ash content (2.93 per cent) was significantly high in
germinated peanut flour. The fat content increased to 48.32 per cent during roasting.
Carbohydrate decreased significantly from 15.75 per cent in raw peanut flour to 13.32 per cent in
germinated peanut flour while it increased to 21.25 per cent in roasted peanut flour. Mbaeyi and
Onweluzo (2010) reported that the variation in the moisture content is due to drying level and the
ability of the dehydrated samples to absorb moisture in the environment of high range of relative
humidity of 80.4%-85.6%. Drying is the final stage of the malting process and is required for
stopping further growth of the kernels, reducing the moisture content and water activity, hence
producing a shelf-stable product with active enzymes (Hoseney, 1994). The observed decrease in
the fat content of the germinated seeds might be due to the increased activities of the lipolytic
enzymes during germination. They hydrolyze fats to simpler products which can be used as a
source of energy for the developing embryo. Similar observation was made for bambara
groundnuts (Elegbede, 1998) and malted millet (Inyang and Zakari, 2008). The decreased
carbohydrate levels of the germinated seeds might be due to increase in α-amylase activity
(Lasekan, 1996). α-amylase breaks down complex carbohydrates to simpler and more absorbable
sugars which are utilized by the growing seedlings during the early stages of germination. The
reduction in fat and carbohydrate content of the fermented corn flour could be attributed to the
activities of micro-organisms on these nutrients in utilizing them to synthesize protein for their
growth (Steve and Olufunmiayo, 2011). In peanut flour it was found that roasting increased the
fat and carbohydrate content. The increase in crude fat during roasting could be attributed to the
concentration of the constituents during roasting brought about by loss of moisture (Adekanmi et
al., 2009). The results were conformed with those reported by Eke-Ejiofor et al. (2012) who
investigated increase in carbohydrate due to roasting in groundnut seeds. The protein content of
both germinated and fermented corn flour was higher than raw flour. The increase in protein
content during germination and fermentation may be due to synthesis of enzymes or a
compositional change following the degradation of other constituents (Steve and Olufunmiayo,
2011). The increase in protein content could also be attributed to a net synthesis of enzymic
protein (e.g. proteases) by germinating seeds (Nzeribe and Nwasike, 1995). However, roasting of
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peanuts decreased the protein content which could be attributed to their denaturation when
heated (Ademulegun and Koleosho, 2008). The decrease in crude fibre content was observed in
case of fermented flours. The decrease in content was due to fermentation, was also reported by
Onoja and Obizoba (2009) in case of fibre of cereals, legumes, tubers and root flour. Decrease in
fibre content during fermentation could be attributed to the partial solubilisation of cellulose and
hemicellulose type of material by microbial enzymes (Chavan and Kadam, 1989). Ademulegun
and Koleosho, (2008) reported that weakening of fibre occurs during toasting and its enzymatic
breakdown during fermentation caused a reduction of crude fibre content while the utilization of
carbohydrates in the seed during sprouting leaves a high fibrous seed. Total ash determines the
level of mineral element present in the samples. Toasting caused an increase in ash content due
to volatilization of organic content. The microbial release of bound minerals will lead to increase
in ash content in case of fermentation (Ademulegun and Koleosho, 2008).

Mineral content of corn and peanut flour
The influence of germination, fermentation and roasting on the mineral composition of
corn and peanut flour is presented in Table-2. It was observed that highest calcium (13.03
mg/100g), iron (2.89 mg/100g) and zinc content (2.72 mg/100 g) was present in germinated corn
flour. In peanut flour, it was seen that highest calcium, iron and zinc content was found in
germinated peanut flour. The calcium, zinc and iron contents of corn flour were increased on
germination and fermentation. Similar results were reported by Ijarotimi and Keshinro (2012a) in
African locust bean. This observation is similar to other investigators who reported that
germination increases retention of all minerals and B-complex vitamins compared to other
processing methods (Egli 2001, Helland et al., 2002, El-Adawy 2002). Fermentation also
provides optimum pH conditions for enzymatic degradation of phytate which is present in
cereals in the form of complexes with polyvalent cations such as iron, zinc, calcium, magnesium
and proteins. Such a reduction in phytate may increase the amount of soluble iron, zinc, calcium
several folds. In case of peanut flour germination was observed to increase the mineral content as
compared to roasting. Asibuo et al. (2008) repoted that roasting groundnut does not lead to
reduction in the levels of mineral elements but rather increases the levels since volatile
compounds are lost through heating.
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Anti-nutritional factors in corn and peanut flours
There was significant decrease in the anti-nutritional factors in corn and peanut flour due
to germination, fermentation and roasting (Table-3). The tannin concentration was 2.55 g/100 g
for the raw corn flour which decreased to 0.85 g/100 g for fermented and 1.45 g/100g for
germinated corn flour. The concentration of the phytic acid was 0.81 g/100g in raw corn flour
which reduced to 0.54 and 0.70 g/100g in fermented and germinated corn flour respectively. In
peanut flour, tannin concentration of raw flour was 0.83 g/100 g which decreased to 0.54 in
germinated and to 0.62 g/100g in roasted flour, while phytic acid concentration was 0.97 g/100 g
in raw peanut flour which decreased to 0.78 and 0.56 g/100g in germinated and roasted peanut
flour respectively. Germination, fermentation and roasting decreased the phytic acid and tannin
content in flours. Similar results were obtained by Mbaeyi and Onweluzo (2010) in sorghumpigeon pea composite flour. Adekanmi et al. (2009) also reported that toasting reduced antinutrients more than soaking. The reduction of tannins in toasted tiger nut showed that tannin is
heat labile and can be destroyed during toasting. Scientific studies have established that
processing methods such as cooking, dehulling, soaking, fermentation and germination improve
the nutritional quality of food products by reducing or eliminating the anti-nutrient composition
of the food products (Anju and Khetarpaul, 2008; Syed et al., 2011). They observed that
decrease in phytate level in flours was probably due to the activities of the enzyme-phytase
which causes the degradation of the phytate in cereals and legumes (Mbaeyi and Onweluzo,
2010). The reduction in tannins during fermentation can be attributed to the microbial
degradation compounds or due to less extractable tannin-protein complex (Emmambux and
Taylor, 2003). Loss of tannins during germination may be due to the leaching of tannins into the
water (Shimelis and Rakshit, 2007) and binding of polyphenols with other organic substances
such as carbohydrates or proteins (Saharan et al, 2002).

Functional properties of corn and peanut flour
The functional properties of flours play an important role in the preparation of products.
The raw corn flour had bulk density of 0.75 g/ml which was significantly higher than that of
germinated and fermented corn flour (Table-4). The processed corn flour had a higher
dispensability in the range of 69.30- 70.13 per cent which was significantly higher than that of
raw corn. Swelling capacity of raw corn flour was 0.49 per cent, which decreased significantly in
germinated and fermented corn flour. The raw peanut flour had significantly higher (0.45 g/ml)
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bulk density than germinated and roasted peanut flour. The dispensability increased significantly
from 38.28 per cent in raw to 40.21 per cent in germinated peanut flours, while there was
significant decrease in dispensability of roasted (37.32) peanut flour. On the other hand swelling
capacity of raw peanut flour was 0.36 per cent which decreased in germinated and roasted peanut
flour. The bulk density values of the raw flours were higher than processed flours which may be
due the fact that germination there is break down of starch into simple sugars due to the activity
of amylase enzyme, which was produced by the activity of microorganisms. Hansen et al. (1989)
also reported that the energy density increased two to three times by germination which also
involved a considerable reduction in viscosity. The reduction in bulk density by fermentation has
been documented by Elkhahalifa et al. (2004) in sorghum flour and reduction in bulk density in
germination and fermentation in African locust bean has been reported by Ijarotimi and Keshinro
(2012a). The swelling capacity of raw corn flour was higher than germinated and fermented
flour. Higher protein content in flour may cause the starch granules to be embedded within a stiff
protein matrix, which subsequently limits the access of the starch to water and restricts the
swelling power. Flours lower in protein and higher in total starch content have a higher swelling
ability (Aprianita et al., 2009). The results are in conformity with findings of Adebowale and
Maliki, (2011) and Gernah et al. (2011) who reported that in germinated and fermented flours
starch is been dextrinized and thus could not swell as much. Dispensability is a measure of
reconstitution of flour or flour blends in water, the higher the dispensability the better the flour
reconstitutes in water (Kulkarni et al., 1991). The dispensability was highest in fermented corn
flour. The result was in conformity with the previous findings of Shittu and Lawal (2007) who
observed that longer steeping time produced fermented cocoyam flour with better dispensability
value which indicates better reconstitution ability of the fermented flour.

Conclusion
The present study evaluates the proximate composition, Mineral content, anti-nutritional
factor and functional property in corn and peanut flour. The result established that processing
techniques, such as, germination, fermentation and roasting improved on the proximate,
functional property and mineral composition and also, decreased the anti-nutritional factor of the
processed flour. In view of this, the germinated, fermented and roasted corn and peanut flour
may be used in the formulation of complementary foods.
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Table-1: Proximate composition (%) of corn and peanut flour
Moisture

Crude fat

Crude protein

Crude fibre

Ash

Carbohydrate

Raw

9.47

4.04

9.96

1.83

2.04

72.65

Germinated

9.09

3.85

11.83

1.98

2.10

71.16

Fermented

9.33

3.74

11.73

1.67

1.05

72.49

C.D. (p=0.05)

NS

0.06

0.07

0.03

0.04

1.08

Raw

8.85

46.33

23.50

3.04

2.53

15.75

Germinated

7.92

45.53

26.86

3.44

2.93

13.32

Roasted

2.91

48.32

22.17

2.61

2.74

21.25

C.D. (p=0.05)

NS

0.04

0.05

0.08

0.03

0.17

CORN

PEANUT

Table-2: Mineral content (mg/100g) in corn and peanut flour
Calcium

Iron

Zinc

Raw

12.02

2.34

2.50

Germinated

13.03

2.89

2.72

Fermented

12.36

2.49

2.70

C.D. (p=0.05)

0.78

0.41

0.04

Raw

51.45

3.80

4.64

Germinated

52.62

3.93

4.93

Roasted

51.94

3.92

4.86

C.D. (p=0.05)

0.12

0.06

NS

CORN

PEANUT
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Table-3: Anti-nutritional (g/100g) in corn and peanut flour
Tannin

Phytic acid

Raw

2.55

0.81

Germinated

1.45

0.70

Fermented

0.85

0.54

C.D. (p=0.05)

0.07

0.03

Raw

0.83

0.97

Germinated

0.54

0.78

Roasted

0.62

0.56

C.D. (p=0.05)

0.03

0.04

CORN

PEANUT

Table-4: Functional properties of corn and peanut flour
Bulk density (g/ml)

Swelling capacity (%)

Dispensability (%)

Raw

0.75

0.49

68.10

Germinated

0.67

0.47

69.30

Fermented

0.59

0.45

70.13

C.D. (p=0.05)

0.06

0.02

0.23

Raw

0.45

0.36

38.28

Germinated

0.40

0.33

40.21

Roasted

0.41

0.30

37.32

C.D. (p=0.05)

0.02

0.02

1.60

CORN

PEANUT
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