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ABSTRACT 

The evaluation of nutritional qualities of cereal-based pap enriched with soybean 

in Abakaliki, Ebonyi State was investigated. Varieties of maize, sorghum and 

soybean seeds randomly purchased from the international market were subjected 

to steeping at ambient temperature. Soybean seeds were prepared by washing, 

soaking, dehulling and parboiling at 100 
0

C for 20 min before being wet-milled to 

slurry. Ground samples of cereal and soybean were mixed together in different 

ratios and fermented to yield the enriched akamu. The enriched and unenriched 

akamu (traditionally processed) as control were analyzed for nutritional contents 

using standard chemical and Thin-layer Chromatography method. Proximate 

analysis done showed that the fermented blend (enriched akamu) crude protein 

content showed tremendous improvement from 3.6 ±1.07 to 7.7 ±1.30, the fat 

content increased also from 3.1 ± 1.24 to 4.3 ±1.14, the fibre content appreciated 

also from 4.9 ±1.08 to 6.4 ±1.23, the Carbohydrate content increased from 59.9 

±0.81 to 69 ±1.32. In conclusion, fermented blends of cereal grains and soybean 

slurry showed improvement in nutritional value of akamu samples compared to 

their primary grain samples. 
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INTRODUCTION 

A cereal is any grass yielding starchy 

seeds which are suitable for human 

consumption [1,2,3,4]. Cereals have 

been major staple foods for the 

world population since the beginning 

of the modern civilization [5,6]. They 

are produced worldwide and mainly 

include rice, wheat, maize, sorghum, 

millet, rye, barley, triticale and oat 

[7]. They are a good source of energy 

providing about 350 kcal per 100 

grams of whole grains [8] and 

contribute to about half of the food 

protein available in the world, mainly 

in developing countries [9]. Cereals 

fulfil an important role in the diet as 

a source of starch and dietary fibre 

that make up to 70 to 77 % of the 

whole grain [10], while proteins 

account for only 6 to 15 %  [11]. As 

whole grain, cereals can potentially 

contribute to vitamins [12,13,14] and 

minerals intake [15,16]. One of the 

popular indigenous cereal-based 

fermented foods in Nigeria is akamu 

or ogi, a kind of pap, which is a 

fermented cereal porridge made from 

maize (Zea mays), sorghum 

(Sorghum vulgare) or millet 

(Pennisetum typoideum) [17,18,19]. 

Ogi can be simply described as a 

kind of diet that does not require 

chewing. The cereal-based ogi is very 

smooth in texture and has a sour 

taste reminiscent of that of yoghurt. 

Typically, Ogi has a distinct aroma 

and fine texture [20]. The colour of 

the Ogi is mainly depending on the 

type of feedstock used for the 

processing. It could either be 

consumed as porridge (pap) or as a 

gel-like product (agidi) in some West 

African countries [21,22]. It is an 

essential weaning food for infants as 

well as a dietary staple for adults in 

West Africa [18,20]. Generally, 

traditional cereal foods play a vital 

role in the diet of the people of 

tropical Africa particularly in cereal 

producing regions [19]. 

Aim of the Study 

This study is aimed at evaluation of 

nutritional qualities of cereal-based 

paps enriched with soybean in 

Abakaliki, Ebonyi State. 



 
http://www.inosr.net/inosr-scientific-research/  
Ezekakpu et al 

INOSR Scientific Research 8(1):22-29, 2022. 

23 
 

MATERIALS AND METHODS 

Study Area 

The study area of this research was 

Abakaliki Metropolis of Ebonyi State, 

Nigeria. Ebonyi State is located in the 

south-eastern part of Nigeria which 

lies approximately within longitude 7 

0 

30 
1

 and 7 
0

E and, latitude 5 
0 

40 
1

 

and 6 
0 

45 
1

 N. It has a population of 

149,683, and a land mass of about 

5,935 square kilometers. Ebonyi 

State is bounded to the north by 

Benue State, to the south by Abia 

State and to the east by Enugu State 

and west by Cross River State 

respectively. Abakaliki, the State 

capital, has tropical climate with an 

average relative humidity of 75 % 

and may reach 80 % during rainy 

season. The vegetation 

characteristics are predominantly 

rainforest with atmospheric 

temperature of 30 
0

C. Two seasons 

are distinguishable in Ebonyi State: a 

dry season (November to March) and 

a wet season (April and October). 

Abakaliki resident utilizes various 

cereal-based food products for 

weaning purposes and general 

nutritional purposes.   

Sample Collection 

Exactly 2 kg each of white and yellow 

maize, white and red sorghum grains 

and 1 kg of soybean seed were 

randomly bought from traders at the 

Abakaliki international market 

Ebonyi State, Nigeria (i.e. the 5 

samples were bought from 5 

different shops). The samples were 

collected in polythene bags from the 

market and transported to the 

Applied Microbiology Laboratory of 

Ebonyi State University, Abakaliki for 

analysis. The cereal grains were 

authenticated by a taxonomist in the 

Department of Crop science, Faculty 

of Agriculture and Resource 

Management as Zea mays, Sorghum 

bicolor and Glycine max respectively. 

Preparation of Cereal-Based Akamu 

Preparation of ogi was done 

according to the methods of [5]. 500g 

of each cereal grains were washed in 

distilled water to remove dust 

particles. The washed grains were 

steep in 1 Litre autoclaved distilled 

water for 48 h in covered cleaned 

plastic containers. Water was 

decanted and the fermenting grains 

were re-washed twice to reduce 

fermenting odour and then wet-

milled with a blender. Wet milling of 

the different cereals grains was 

followed by wet-sieving to remove 

bran, hulls and germs. The waste was 

restrained on the muslin cloth and 

later dried as poultry feed, while the 

filtrate was fermented for another 24 

h to yield ogi which is either white, 

cream or chocolate coloured 

depending on the pigment of the 

cereal grain. 

Nutritional Improvement Process 

Exactly 500g of each cereal grains 

was washed with distilled water to 

remove dust particles. The grains 

were then steeped in distilled water 

for 48 h after which they were wet-

milled using electric blender and 

sieved with muslin cloth. Similarly, 

500g of soybean seeds were washed 

with distillled water and dehulled. 

The soybean seeds were then 

subjected to 20 min boiling, after 

which they were cooled, wet milled 

and sieved. Each of the cereal grains 

slurry and soybean slurry was then 

combined in different proportions 

shown in thenext page and 

fermented to yield the enriched 

akamu. 

500g of each cereal grains = 

traditionally fermented to produce 

unenriched akamu 

400g of each cereal grain + 100g 

soybean slurry to produce enriched 

akamu 

300g of each cereal grain + 200g 

soybean slurry to produce enriched 

akamu 
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250g of each cereal grain + 250g 

soybean slurry to produce enriched 

akamu 

Proximate Composition Determination 

The nutritional composition of the 

un-enriched and enriched pap 

samples was analyzed. The 

nutritional analysis of samples for 

moisture content, crude protein, ash 

and crude fiber were carried out and 

the acceptable products developed 

using the standard methods 

described by [6]. Crude fat was 

extracted using the Soxhlet 

procedure with petroleum ether 

(80
o

C). Carbohydrate content was 

determined according to the method 

of [12]. The proximate composition 

was determine in the department of 

Food Science and Technology 

Laboratory, Ebonyi State University 

Abakaliki under the supervision of a 

trained personnel. 

Statistical Analysis 

The raw data obtained in the course 

of the study was presented as mean 

± standard deviation in tables and 

bar charts while relevant data was 

interpreted using simple descriptive 

statistics such as minimum, 

maximum, and one way analysis of 

variance (ANOVA) with the aid of IBM 

Statistical Package for Social Sciences 

(SPSS) version 22 and Microsoft Excel 

2013 software. P < 0.05 was 

considered to be statistically 

significant.

RESULTS 

Proximate composition of fermented maize and sorghum-based akamu in 

Ebonyi State.  

Table 1 shows the proximate 

composition of fermented 

unenriched and enriched cereal 

samples for the production of 

akamu. It revealed that white maize 

had an increase in crude protein with 

respect to amount of enrichment 

introduced, ranging from 2.3±0.85 

for unenriched akamuto 4.9±1.42 at 

250g enrichment.Also the fat content 

of white maize showed rapid 

improvement (from 2.9±1.20 to 

4.0±1.10) with each level of 

enrichment.There was improvement 

across all composite of the white 

maize with increase in enrichment 

level. The yellow maize showed 

improvement in composition across 

all composite with increase in 

enrichment. The Carbohydrate 

content increased from 60.1±1.25 to 

72.2±1.08, the ash content also 

increased from 1.6±0.10 to 3.5±1.30, 

the fat content increased also from 

2.3±1.01 to 5.0±1.30. The crude 

protein content increased from 2.1 

±1.08 to a 6.3 ±1.22 (Table 1). The 

white sorghum equally showed 

improvement in composition across 

all composite with increase in 

enrichment. The crude protein 

content showed tremendous 

improvement from 3.6±1.07 to 

7.7±1.30, the fat content increased 

also from 3.1± 1.24 to 4.3±1.14, the 

crude fibre content increased also 

from 4.9±1.08 to 6.4±1.23, the 

Carbohydrate content was not left 

behind in increment as it increased 

from 59.9±0.81 to 69±1.32. Red 

sorghum improved across all its 

composites. The crude fibre content 

increased from 4.6±0.94 to 6.2±1.37, 

the ash content increased from 

1.7±1.25 to 2.9±1.06, the moinsture 

content increased from 2.0±0.95 to 

3.5±1.24, the carbohydrate content 

increased from 55.8±0.98 to 

74.0±1.27, then most importantly the 

crude protein content significantly 

(P˂ 0.05) had the highest increase 

among all the cereals tested 

(3.8±0.90 to 8.6±1.32) (Table 1). 
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Table 1: Proximate composition (%) of Maize and Sorghum-based akamu 

S/No Sample 

Code 

M
o
is

tu
re

 

C
ru

d
e 

P
ro

te
in

 

C
ru

d
e 

F
ib

er
 

F
a
ts

 

C
a
rb

o
h

y
d

ra
te

s 

 A
sh

  

1 WM5 3.7±0.94 2.3±0.85 5.1±0.10 2.9±1.20 82.2±1.48 1.1±0.93 

2 WM4 3.8±0.46 2.7±0.50 5.3±0.63 3.3±0.37 69.0±0.25 1.4±0.46 

3 WM3 3.9±0.00 3.2±0.07 5.9±0.45 3.7±0.47 66.3±0.60 1.7±0.00 

4 WM2 4.2±1.39 4.9±1.42 6.3±1.18 4.0±1.10 66.1±0.63 2.6±1.39 

        

5 YM5 3.3±1.15 2.1±1.08 4.4±1.02 2.3±1.01 60.1±1.25 1.6±0.10 

6 YM4 3.7±0.27 3.2±0.48 4.8±0.39 2.9±0.49 65.2±0.27 2.0±0.51 

7 YM3 3.9±0.16 4.7±0.34 5.1±0.08 3.7±0.19 68.9±0.44 2.6±0.21 

8 YM2 4.4±1.26 6.3±1.22 5.9±1.34 5.0±1.30 72.2±1.08 3.5±1.30 

        

9 WS5 1.2±1.02 3.6±1.07 4.9±1.08 3.1±1.24 59.9±0.81 1.1±1.03 

10 WS4 1.5±0.44 4.8±0.38 5.3±0.46 3.6±0.25 60.2±0.74 1.3±0.44 

11 WS3 1.8±0.14 5.7±0.15 5.8±0.31 3.9±0.35 64.4±0.24 1.5±0.15 

12 WS2 2.4±1.31 7.7±1.30 6.4±1.23 4.3±1.14 69.0±1.32 1.9±1.32 

        

13 RS5 2.0±0.95 3.8±0.90 4.6±0.94 3.0±1.10 55.8±0.98 1.7±1.25 

14 RS4 2.2±0.66 4.4±0.63 4.9±0.50 3.3±0.55 59.0±0.59 2.2±0.29 

15 RS3 2.9±0.37 6.2±0.21 5.3±0.072 3.9±0.55 66.2±0.30 2.6±0.48 

16 RS2 3.5±1.24 8.6±1.32 6.2±1.37 4.2±1.10 74.0±1.27 2.9±1.06 
KEY: WM

5

 = White maize at 500g (unenriched), YM
5

 = Yellow maize at 500g, WS
5

 = White sorghum at 500g, RS
5

 = Red sorghum at 

500g, WM
4

 = White maize at 400g (enriched), YM
4

 = Yellow maize at 400g, WS
4

 = White sorghum at 400g, RS
4

 = Red sorghum at 

400g, WM
3

 = White maize at 300g (enriched), YM
3

 = Yellow maize at 300g, WS
3

 = White sorghum at 300g, RS
3

 = Red sorghum at 

300g, WM
2

 = White maize at 240g (enriched), YM
2

 = Yellow maize at 250g, WS
2

 = White sorghum at 250g, RS
2

 = Red sorghum at 

250g. SD = Standard Deviation.Values represent means of data ± Standard Deviation (SD). Data was statistically analyzed at 

95% level of confidence (P < 0.05). 
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DISCUSSION 

White maize had an increase in crude 

protein with respect to amount of 

enrichment introduced, ranging from 

2.3 ±0.85 for unenriched ogi to 4.9 

±1.42 at 250g enrichment. Also the fat 

content of white maize showed rapid 

improvement (from 2.9 ±1.20 to 4.0 

±1.10) with each level of enrichment. 

There was improvement across all 

composite of the white maize with 

increase in enrichment level. Similarly 

[8], reported that addition of soybean 

to maize based ogi improves its amino 

acid constituents (arginine, lysine, 

histidine, threonine, valine, 

methionine, isoleucine, leucine, 

phenylalanine, aspartic, serine, 

glutamic, proline, glyine, alanine, 

cysteine and tyrosine) and it is a pro-

vitamin A booster. Again, studies have 

shown that nutrients (such as iron, 

zinc, magnesium, sodium, calcium, 

potassium, phosphorous, iodine and 

copper) composition of ogi increases 

with addition of botanicals. Similarly, 

[4] reported that co-fermented 

maize/cowpea and sorghum/cowpea 

improves the nutritional quality, 

functional properties and amino acid 

profile of ogi. [8], reported that mango 

mesocarp increases the protein, fat, 

ash, fibre, beta carotene, energy 

content and reduces the moisture, 

carbohydrate and viscosity of akamu. 

[13], reported that protein, fat, ash, 

crude fiber, beta carotene content, 

moisture increases, while carbohydrate 

decreases with addition of moringa. 

Also, [8] reported that akamu from 

fermented yellow maize supplemented 

with Moringa oleifera flower powder 

showed an increase in crude protein, 

crude fibre, ash and fat with increase 

in the levels of Moringa oleifera flower 

powder and decrease in carbohydrate 

and moisture content. [4], reported 

that protein, fat, ash and moisture 

increases with addition of Bambara nut 

to akamu. In Sorghum based Ogi, [8] 

reported that fat, ash, protein content, 

ascorbic acid content, total sugar, 

reducing sugar and non-reducing sugar 

increased and moisture and 

carbohydrate content also decreased. 

The supplementation of akamu with 

botanicals enhances its nutritional 

quality. [9], also found the percentage 

protein content of three maize 

varieties grown in Nigeria in the range 

of 10.67- 11.27 % for the maize grains, 

while [7] reported mean percentage 

protein content of 10.8 %, 11.1 % and 

10.5 % for the maize samples analyzed. 

[8] reported protein content ranging 

from 1.17- 7.94% among 20 varieties of 

rice, with a mean value of 4.99 ± 1.37 

%. The protein composition of whole 

wheat flour ranged from 10.13 to 14.74 

% among different Pakistani wheat 

varieties as reported by [13]. Three 

sorghum varieties analyzed by [18] 

revealed that the protein ranged from 

14.51 to 14.80 %. According to [12], 

plant foods that provide more than 12 

% of its calorific value from protein are 

considered good source of protein. The 

white sorghum equally showed 

improvement in composition across all 

composite with increase in enrichment. 

The crude protein content showed 

tremendous improvement from 3.6 

±1.07 to 7.7 ±1.30, the fat content 

increased also from 3.1 ± 1.24 to 4.3 

±1.14, the fibre content appreciated 

also from 4.9 ±1.08 to 6.4 ±1.23, the 

Carbohydrate content was not left 

behind in enrichment as it increased 

from 59.9 ±0.81 to 69 ±1.32.The high 

fibre content of these samples can 

have some biological beneficial effects 

such as laxative effect on the 

gastrointestinal tract (GIT), increased 

faecal bulk and reduction in plasma 

cholesterol level [11]. This result is in 

agreement with the findings of [15] 

whom in their studies showed that 

percent crude fibre ranged from 0.80-

2.32%. [15], reported slightly higher 

values (2.07-2.77%) of the fibre content 

for the maize varieties grown in 

Nigeria. [16], observed that the average 

crude fibre value for the Improved 

White Dent (IWD), Improved Yellow 

Flint Dent (IYFID) and Local Floury (LF) 

varieties was lower than the average 

value of 9.5% as reported [10]. The 

Proteins Advisory Group (1975) of the 

United Nations suggested an upper 
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limit of 5.0% crude fibre in 

supplementary foods. Thus, the values 

obtained in this study (2.8 - 4.1 %) fell 

within the recommended ranges for 

infants. The ash content in red 

sorghum increased from 1.7 ±1.25 to 

2.9 ±1.06. The ash content, which is an 

index of mineral contents, was found 

in the range of 1.7 to 2.9. White maize, 

having the highest value contained a 

greater proportion of nonendosperm 

material because ash values indicate 

the level to which non-endosperm 

components are present [9]. The 

highest fat compositions was recorded 

in enriched yellow maize (5.0 ±1.30), 

followed by enriched white sorghum 

(5.0 ± 1.30), and enriched red sorghum 

(4.2 ± 1.10), the least was enriched 

white maize (4.0 ± 1.10). This is in 

agreement with the finidngsin a study 

conducted by [11] to determine fat 

content of maize, whereby their values 

ranged between 3.21% and 7.71%. It 

was also similar to the results on 

sorghum by [9] who reported a range 

of 3.58 to 4.47%. Fat contributes to the 

energy value of these grains, thereby 

providing essential fatty acids for 

optimum neurological, immunological 

and functional developments in 

children. Carbohydrate (starch) was 

present in white maize and yellow 

maize in high quantities. White had the 

highest amount of carbohydrate (82.2 

±1.48), followed by yellow maize (60.1 

±1.25) and white sorghum (59.9 ±0.81) 

%, while the red sorghum had the least 

carbohydrate content (55.8 ± 0.98). 

This result was not in agreement with 

the findings of [15] who reported 

slightly lower values (65.63-70.23 %) of 

the carbohydrate content for the maize 

varieties grown in Nigeria. Also not in 

agreement with the finding of [19] who 

reported carbohydrate contents to be 

between 68.34 to 69.65 %. The 

principal carbohydrate of all cereals is 

starch, representing 56 % (oats) to 80 % 

(maize) of the grain dry matter [20]. 

FAO reported that staple foods such as 

millet, maize and sorghum are high in 

starch which makes them absorbed a 

lot of water during cooking. This 

makes them bulky and, hence, infants 

need to consume large quantities to get 

enough energy and nutrients but it is 

difficult because they have small 

stomach. The problem is, however, 

solved if families feed children with 

weaning foods prepared from 

germinated cereal flour and enrich 

bulky foods. Malting reduces viscosity 

of the foods and hence a child can eat 

more at a time [21].

CONCLUSION 

Addition of soybean to cereal-based 

akamu improved its protein contents, 

carbohydrate content and moisture 

content, ash content and crude fibre 

contents. 
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