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Abstract: Food fortification is the process of increasing the nutritional value of plant foods. In this study, fermented
products from maize, millet and sorghum were fortified with soy bean and ginger. The samples were assessed for nutritional
improvement using standard protocol. There were marked increase in the amount of ash, protein and crude fibre content but a
decrease in carbohydrate content in all the fortified cereal samples. The ash, protein, crude fibre and carbohydrate content of
the fortified samples were as follows: Maize (% dry weight; 9.46 £0.93,42.10 £0.57, 4.95+ 0.14 and 36.01 + 0.04 respectively.
Millet (% dry weight); 8.95 £ 5.16, 42.00 + 0.28, 5.67 + 0.11 and 16.00 = 0.46 respectively and sorghum (% dry weight); 28.98
+ 5.16, 42.00 = 0.28, 5.65 + 0.11 and 16.00 £+ 0.16 respectively. Fortification of cereal with soybean and ginger increases
protein, ash and fibre content in the cereal. Consequently, the carbohydrate and fat were reduced in the fortified samples.
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1. Introduction

Biofortification is the process of increasing the
concentration and bioavailability of the nutritional content of
the edible part of the plant foods to the levels that
consistently exceed the average content observed [1]. Food
fortification has proven to be a very effective intervention for
the prevention of nutritional deficiencies [2].

Fermentation is the oldest known form of food
biotechnology, which has been practiced for thousands of
years. It is a potent method for preserving foods and it plays an
important role in food technology. In fermentation processes,
natural micro-organisms are employed in the preparation and
preservation of different types of food [3]. Fermented food
products include; alcohols, breads, beverages, vinegar, pickled
sausages, cheeses, and yogurts and they are of great
significance because they provide and preserve vast quantities
of nutritious foods to enrich the human diet [4]. The term
cereal is a derivative from Latin word ‘cerealis’ meaning
‘grain’ which is botanically a type of fruit called caryopsis,
composed of the endosperm, germ and bran which usually
have long, thin stalks such as maize, sorghum and millet

whose starchy grains are used as food [5]. Cereals are the
edible seeds or grains of the grass family, Gramineae. A
number of cereals are grown in different countries, including
rye, oats, barley, maize, triticale, millet and sorghum. Cereals
have a long history of use by humans. Cereals are staple foods,
and are important sources of nutrients in both developed and
developing countries. Cereals and cereal products are an
important source of energy, carbohydrate, protein and fibre, as
well as containing a range of micronutrients such as vitamin E,
some of the B vitamins, magnesium and zinc. In the UK,
because of the mandatory fortification of some cereal products
(e.g. white flour and therefore white bread) and the voluntary
fortification of others (e.g. breakfast cereals), cereals also
contribute significant amounts of calcium and iron. Cereals
and cereal products may also contain a range of bioactive
substances and there is growing interest in the potential health
benefits these substances may provide. [6] The chemical
composition of cereal grains is characterized by the high
content of carbohydrates. Available carbohydrates mainly
starch deposited in the endosperm, amount to 56-74% and
fiber, mainly located in the bran, 2-13%. The second
important group of constituents is the proteins which fall
within an average range of about 8-11% [7]. Cereals are
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particularly important substrates for fermented foods in all
parts of the world and are staples in the Indian subcontinent, in
Asia and in Africa [3].

‘Ogi’ is a fermented porridge or gruel made from cereals
in West-Africa. It could be made from maize (Zea mays),
sorghum (Sorghum bicolor) or millet (Pennisetum glancum)
with characteristic flavor and sour taste. Its fermentation
involves Lactobacillus spp and various yeasts including
Saccharomyces cerivisiae [8].

Studies have shown that some spices can increase the shelf
life of ‘Ogi’. Ginger is one of the widely consumed aromatic
spices used as a preservative agent [9] and, soybean which is
rich in proteins, fibre, calcium and magnesium were used to
fortify the cereal samples in the present study. The aim of this
work is to assess the proximate compositions of the cereal and
fortified cereal samples and also to compare their nutritive value.

2. Materials and Methods
2.1. Sample Source

The samples used for this study were purchased from Orita
Market, Challenge, Ibadan, Nigeria.

2.2. Sample Preparation

1000g each of maize, millet and sorghum were used in this
study. Each sample was divided into 2 equal portions and
soaked in clean water for 72 hours. A portion of each sample
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was fortified with 500g of soybeans and 250g of peeled
ginger while the other portion was not fortified. Each portion
was milled and sieved separately.

2.3. Proximate Analysis

Proximate compositions of the powered samples were
determined using the standard method of AOAC (2000) [10].

2.4. Sensory Evaluation

A questionnaire was designed for the sensory evaluation.
The sensory evaluation was done using random sampling.

2.5. Statistical Analysis

The results obtained were subjected to analysis of Student
t-test to compare each parameter analysed between samples
and their fortified samples. Comparisons were carried out by
Statistical Programs for Social Sciences. (SPSS, 1992).

3. Results

3.1. Proximate Analysis of Sorghum Samples

There were significant increase in ash, crude protein, and
crude fibre contents of fortified sorghum when compared
with sorghum alone. However, significant decrease was
observed in fat and carbohydrate content.

Table 1. Below indicates the proximate analysis of sorghum and fortified sorghum.

. . . Carbohydrate Energy Value
o, 0, 0, 0, 0,
Sample Ash (%) Moisture (%) Crude Protein (%) Crude Fibre (%)  Fat (%) (%) (kJ/100g)
Sorghum 7.02+0.19 1.57+0.07 21.85+0.49 1.70+0.35 7.27+0.05 60.59+0.09 17.70+ 0.07
Sorghum +SG  16.88+1.53* 1.42 +0.02 61.85+ 1.20* 3.2540.21% 5.80+ 0.06 10.8+0.33* 14.50+ 0.09
Values are presented in mean + standard deviations. SG = soybeans and ginger.
*Fortified sample is significantly different when compared with main sample at P < 0.05.
3.2. Proximate Analysis of Millet Samples
Table 2. Indicates the proximate analysis of millet and fortified millet.
. . . Carbohydrate Energy Value
o, 0, o, 0, 0,
Sample Ash (%) Moisture (%) Crude Protein (%) Crude Fiber (%) Fat (%) (%) (kJ/100g)
Millet 11.25+0.33 1.71 £0.15 21.08 £0.11 1.95+0.19 6.46+0.16  57.55+0.12 15.76 £0.16
Millet + SG  28.98 £5.16*  1.04 +0.69 41.80 +0.78* 5.67+0.11* 5.75+0.07 16.0 £ 0.47* 12.08 +0.16

Values are presented in mean + standard deviations. SG = soybeans and ginger

*Fortified sample is significantly different when compared with main sample at P < 0.05

There were significant increase (p<0.05) in Ash, crude protein, and crude fibre contents of fortified millet compared with
millet alone. But, carbohydrate has significant reduction in fortified millet.

3.3. Proximate Analysis of Maize Samples

Table 3. Below indicates the proximate analysis of maize and fortified maize.

Sample Ash (%) Moisture (%)  Crude Protein (%) Crude Fiber (%) Fat (%) Carbohydrate (%) fk';‘;;%ga'“e
Maize 543£038  2.17+0.23 13.25+ 035 199+023 545+030 71.71£132 16.46 + 0.14
Maize + SG  9.46+0.93*  2.17+0.10 42,10+ 0.56* 495+ 0.14* 5314008  36.01£0.04* 1524+ 123

Values are presented in mean + standard deviations. SG = soybeans and ginger
*Fortified sample is significantly different when compared with main sample at P < 0.05
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There were significant increase (p<0.05) in Ash, crude protein, and crude fibre contents of fortified maize compared with
maize alone. But significant reduction was observed in carbohydrate content.

3.4. Sensory Evaluation of Fortified Cereals (Millet, Maize and Sorghum)

Table 4. Indicates sensory evaluation of fortified cereals (millet, maize and sorghum).

Sample Taste (%) Appearance (%) Odour (%) Texture (%) Overall Acceptability (%)
Wet Fortified millet 80.00+3.21 63.33+0.50 73.33+£3.40 73.334+2.03 72.50+5.03
Wet fortified maize 76.60+1.05 63.30+2.04 73.00+2.03 70.00+2.03 70.73+3.20
Wet fortified sorghum 70.00+2.04 76.67+3.05 70.00+3.04 80.00+3.40 74.17+4.30

The chemical composition of unfortified cereal grains is
characterized by the high content of carbohydrates [7]. This
study shows that fortification of maize, millet and sorghum
with soybeans (Glycine max) and spice ginger (Zingiber
officinales) had a significant effect on their crude ash, crude
protein, crude fibre, moisture, energy value and carbohydrate
contents. There was a significant increase in the quantity of
crude protein, crude ash and crude fibre while there was a
decrease in moisture, carbohydrates, fats and energy value.

Cereals fortified with soybean and ginger had high protein
content. Proteins play an important role in growth (especially
for children, teens, and pregnant women), tissue repair and
provide energy when carbohydrate is not available in the
body. Mixing soybeans, which has been reported to have
high protein content [11] and ginger contains protein [12]
may cause overall increase in the amount of crude protein in
the fortified cereal samples which is useful in the body.

Food high in calorific intake may increase the risk of
hypertension and cardiovascular complications [13] but meals
made from fortified cereals have low amounts of calories
which makes it suitable for those suffering from hypertension
and cardiovascular complications. However, consuming food
with significantly low amount of calories may also result in
under nutrition and weight loss. It is expected that the fortified
sample will have significant increase in crude fat since
soybeans have high fat content [14]. Fortified samples have a
decrease in the quantity of calories but an increase in crude
protein, crude fibre and mineral ash which will combat with
under nutrition and weight loss.

In this study, the fat content of the cereals and fortified
cereals were observed to be low. Food with high fat contents
increases the risk of cardiovascular diseases [13]. Consuming
fermented cereal fortified with soybean and ginger may be of
advantage in patients with metabolic disorder and
cardiovascular diseases.

Cereals fortified with soy bean and ginger have high crude
fibre content. Crude fibre play a crucial role in preventing
constipation, controls sugar level, helps lower cholesterol and
controls bowel movement. Adding ginger, which has been
reported to have higher crude fibre content than soybean may
be the cause of overall increase in the amount of crude fibre
in the fortified cereal samples [15]. Adding soy beans and
ginger to the cereals increased their ash content, an increased
level of crude ash signifies an increase in the quantity of
mineral content of the fortified cereals, although during the
course of this study we were unable to quantify the mineral

content but an increase in the quantity of crude ash in the
fortified samples showed that more minerals were present in
the fortified cereal samples than the unfortified samples.

The sensory evaluation showed that the overall
acceptability based on the taste, color, odor and the
appearance of the fortified cereals scored above 70%
indicating that it was good for consumption. Fortified cereals
are relatively cheap and good sources of all food nutrients
especially protein, minerals and crude fibre which is vital for
growth and development, It could be introduced in the meals
of children and women in War-torn areas in which animal
proteins and fruits are not easily accessible. Fortified cereal
could also be introduced into the meals of weaned babies,
lactating mothers, convalescing patients and the elderly due
to its good balance in nutrient level reducing the ones that
may be hazardous to health while increasing the ones that are
beneficial to health.

4. Conclusion

Fortification of cereals samples shows a better yield in
crude fibre, crude protein, and minerals which is represented
by ash contents in the samples. We were unable to assess the
mineral and vitamins contents in the fortified samples in
relation with the cereal samples. We therefore recommend
that further study should be conducted on minerals as well as
vitamin contents of these fortified samples.
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