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Abstract 
The use of fermented maize and tiger nut flour blends in 
the production of functional cereal gruel (pap) was 
studied. The flour blends of maize and tiger nut flour at 
replacement levels of 10, 20 and 40 while the fermented 
maize grain served as control. The effect of packaging 
materials and storage periods on the shelf life and  

sensory quality was investigated. The flour blends were 
packed in three different packaging materials viz. Air 
tight containers, high density polyethylene (HDPE) and 
low density polyethylene (LDPE) packages and shelf life 
stability was determined for 4 weeks. The colour, aroma 
and moisture content gave a more acceptable quality with 
40% of tiger nut flour to maize flour. The sensory 
analysis showed that there was a significant difference 
observed between the fermented maize flour and the 
composite blends, meal prepared from 60:40% of both 
fermented maize flour/ tiger nut flour was most preferred 
in taste and aroma compared to other blends. The level of 
fiber in the samples aided the acceptability of the 
samples. It was concluded that a substitution of 40% of 
fermented tiger nut flour into fermented maize flour gave 
the cereal gruel with the overall quality acceptance. 
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1. Introduction 
 
1.1 Background study on Tiger nuts 
Tiger nut (Cyperus esculentus), an emergent grass 
–like plant belonging to the sedge family, is also 
found to be cosmopolitan perennial crop of the 
same genus as the papyrus plant that is common in 
seasonally flooded wetlands (Bamisaye et al., 
2010). It is widely distributed in the temperature 
zones within south Europe and has become 
naturalized in Ghana, Nigeria and Sierra Leone. In 
Nigeria, tiger nuts are available in fresh, semi-dried 
and dried form in the market where it is sold 
locally and consumed even uncooked. It has many 
other names like Zulu plant, yellow nut grass, 
ground almond (Africa), and chufa (Spain), edible 
rush and rush nut. Like other sedges, the plant is 
most frequently found inhabiting wet marches and 
edges of streams and ponds. They are mainly three  
 

 
 
 
 
varieties namely; black, brown and yellow variety, 
(Umerie et al., 1997), and only yellow and brown 
are readily available in the Nigerian market. The 
yellow variety is preferred to all other varieties 
contains  inherent properties like its percentage 
milk content(70%), contains lower fat, and higher 
protein and less anti- nutritional factors especially 
polyphenols (Belewu and Abodunrin, 2006) 
 
Maize or corn (Zea mays linn.) is one of the most 
versatile cereal crops of the world. It is an 
important cereal crop, serving as staple food to 
large population of Africa, Asia and North and 
south America. It can be processed into different 
breakfast items, food and feed ingredients and 
beverages for its consumption throughout the world 
(Chakraverty, 1988). There are five general classes 
of corn e.g.  flint corn, pop corn, flour corn, dent 
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corn and sweet corn (Watson, 1987b) different 
types of corn have different proportions of horny 
an flowery endosperm. The flowery endosperm is 
softer and easier to break than the horny endosperm 
(Onovo and Ogaraku, 2007).  Different parts of 
corn have different physical and chemical 
properties. Yellow corn has a horny endosperm and 
more carotenoids (74-86%), which accounts for the 
yellow colour in corn [7]. Hardness and breakage 
susceptibility are related properties that can affect 
the utilization of corn (Johnston et al., 2005). 
Maize germ constitutes 5-14% of the weight of 
kernel and is a good source of key nutrients 
specially 18-41 % of oil (Rudan and Klofutar, 
1999). Edibles oils are vital serving as important 
ingredients of many foods by impacting 
characteristic flavor and texture to finished food 
products (AKinrele and Bassir, 1967). Chemical 
and physical properties of edible oils are imperative 
as they tie up with processing functionability, 
storage, stability and nutritional behavior for adults 
especially the low income earners that cannot 
afford imported baby food (Akinrele and Bassir, 
1967). It is high in nutritional value, with high 
levels of starch and also valuable proteins and oils. 
Depending on the variety, maize may contain a 
number of important B vitamins, folic acid, 
Vitamin C, and provitamin A (i.e., precursor to 
vitamin A) (Wang and Fields, 1978). 
 
Maize is also rich in phosphorus, magnesium, 
manganese, zinc, copper, iron and selenium, and 
has small amounts of potassium and calcium 
(Banigo, 2011). Maize is a good source of dietary 
fiber and protein, while being very low in fat and 
sodium (salt). However, maize is naturally 
deficient in lysine and tryptophan, which are two of 
eight amino acids regarded as essential for humans, 
so it needs to be part of a balanced diet (Johnston et 
al., 2005). 
 
Ogi is popular in Nigeria and most part of the 
country (Onyekwere, 1981). It is the fermented 
cereal porridge made from maize (Zea mays).  The 
colour of ogi depends on the colour of cereal used 
and includes cream color for maize-ogi, reddish 
brown color for sorghum-ogi (Onyekwere, 1981; 
Akinrele, 1970; Vincent, 2002). The ogi porridge is 
very smooth in texture and has a sour taste 
reminiscent of that of yogurt (Banigo, 2011). 
 
Ogi is either consumed as porridge by a very large 
number of Nigerians. Pap is the most important 
traditional meal for weaning infants and majorly 
the breakfast cereal meal (Onyekwere, 1981). Ogi 
is a porridge prepared from fermented maize, 
sorghum or millet in West Africa. It is a staple 
meal of that region The traditional preparation of 
ogi involves soaking of corn kernels in water for 1 

to 3 days followed by wet milling and sieving to 
remove bran, hulls and germ (Akinrele, 1970). 
 
Substantial nutrient losses occur during the various 
steps of ogi processing. According to literature, 
steeping, milling and sieving are the processing 
steps during which considerable nutrient losses 
take place. Much of the protein in cereal grains is 
located in the testa and germ which are usually 
sifted off during processing (Akinrele and Bassir, 
1967). 
 
This study therefore aims at processing fermented 
maize slurry into flour and to develop a cereal gruel 
from fermented maize flour and tiger nut flour for 
the purpose of improving the shelf life, aroma, taste 
and overall acceptability of the cereal blends. 
 
2. Materials and Methods  
 
Tiger nut [Cyperus esculentus] tuber, maize grains 
and sorghum grains was purchased from Oja-Oba 
market in Akure, Ondo. 
 
2.1 Preparation of Tiger nuts Flour 
The tiger nuts seeds were sorted to remove foreign 
materials such as rotten seed, stones, pebble, dirt 
materials, rotten stems and broken tubers before 
cleaning in water to remove the adhering soil that 
may affect the keeping quality of the flour. Tiger 
nuts was rinsed in distilled water and soaked for 6 
hours at 60oC to reduce the soluble anti-nutrients 
present in tiger nut such as tannins and 
polyphenols, also to increase the nutritive content 
or increase the availability of nutrients present in 
tiger nuts, soaking or fermentation of tiger nuts can 
also help fight competitive activities of 
contaminating microbes present in tiger nut, 500 ml 
of distilled water was added to 200g of tiger nut. 
After soaking the tubers were dried in the oven at 
800C for 24-48 hours to reduce moisture content 
and milled [using a plate mill] into powder. The 
powdered tiger nut was passed through a sieve and 
then packed using sterile tin containers. 
 
2.2 Preparation of Maize Flour 
Maize grains were cleaned, soaked in water for 3 
days while the soaked water was changed over 
time. It was wet milled and sieved through muslin 
cloth. The filtrate was allowed to settle down; the 
water was discarded after which the semi-solid was 
dried in the cabinet dryer at a temperature of 500C 
for 2 hours. These are known as Ogi flour which 
was then packaged for further analysis. The flow 
chat is shown below 
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Table 1: Preparation of the Cereal Blends with Tiger Nut 
Flour 

SAMPLES  TIGER NUT 
FLOUR 

MAIZE 
FLOUR 

A 0 100%                                 
B 10% 90%                           
C 20% 80%                    
D 40% 60%                      

 
A----- 100% MAIZE FLOUR, B----- 90% MAIZE 
FLOUR AND 10% TIGER NUTS FLOUR, C----- 80% 
MAIZE FLOUR AND 20% TIGER NUTS FLOUR, D---
-- 60% MAIZE FLOUR AND 40% TIGER NUTS 
FLOUR 
 
2.3 Shelf Life Analysis 
Objective: It is desired to find out the storage 
behavior of fermented maize flour / tiger nut flour 
and assessing the prepared samples per week using 
organoleptic methods.  

Storage methodology: After preparing oven dried 
blends of TNM control (100%), TNM 1(90:10%), 
TNM 2 (80:20%), TNM 3(60:40%), of maize flour 
/ tiger nut flour . 50g of each sample was measured 
into air tight containers, high density polyethylene 
nylon and low density polyethylene nylon. They 
were kept for four weeks to determine their shelf 
life stability.  
Assessment methodology: the assessment selected 
were organoleptic involving 5 human subjects with 
good visual and olfactory capabilities medically. 
The following were assessed; stability indicated by 
color, aroma, pH and moisture content.  
The color was scaled as 1- no color variation, 2- 
slight color variation, 3- faded. 
The aroma was scaled as 1- no foul odour, 2- slight 
variation in odour, 3- pronounced odour. 
 
3. Results and Discussion 
 

 
Table 1: Colour changes as observed by 5 human subjects.  

Week TNMcontrol TNM 1 TNM 2 TNM 3 
Week 1 1.00±0.00a 1.0±0.00a 1.0±0.00a 1.0±0.00a 

Week 2 1.00±0.00a 1.10±0.00a 1.00±0.00a 1.00±0.00b 

Week 3 1.00±0.00a 1.30±0.00d 1.10±0.00a 1.10±0.00b 

Week 4 1.20±0.00a 1.40±0.00c 1.40±0.00d 1.30±0.00e 

The values are averages of the observations scaled. 
 
Table 2: Aroma changes as observed by 5 human subjects  

Week TNMcontrol TNM 1 TNM 2 TNM 3 
Week 1 1.00±0.00a 1.00±0.00a 1.00±0.00c 1.00±0.00d 

Week 2 1.00±0.00a 1.00±0.00a 1.00±0.00a 1.00±0.00a 

Week 3 1.00±0.00a 1.10±0.00c 1.20±0.00a 1.10±0.00a 

Week 4 1.30±0.00a 1.50±0.00a 1.70±0.00d 1.80±0.00d 

 
Table 3: Moisture content and pH value of the samples on the 4th week  

Samples  Moisture content pH 
TNM  9.514±0.021a 3.00±0.00a 

TNM 1 9.416±0.051a 3.00±0.00a 

TNM 2 9.473±0.170b 3.10±0.02a 
TNM 3 9.572±0.360c 3.50±0.00a 

 
Table 4: Organoleptic evaluation results of fermented sorghum flour/ tiger nut flour 

Samples  Taste  Mouth feel Flavor(aroma) Color  Overall  
 Characteristics Characteristics characteristics Characteristics acceptability  
TNScontrol 8.70±0.00b 8.60±0.00d 6.10±0.00a 8.00±0.00b 7.80±0.00f 

TNS 1 7.60±0.00d 8.10±0.00d 7.40±0.00b 7.60±0.00b 7.10±0.00d 

TNS 2 8.30±0.00a 8.50±0.00d 8.20±0.00c 7.20±0.03a 7.30±0.00c 

TNS 3 8.70±0.00a 8.40±0.00e 8.60±0.00e 7.70±0.00c 7.70±0.00b 

Values are mean ± standard deviation of duplicate determinations. Mean values within a column with different letters are 
significantly different (p<0.05).   
 
Table 5: Organoleptic evaluation results of fermented maize flour-tiger nut 

Values are mean ± standard deviation of duplicate determinations. Mean values within a column with different letters are 
significantly different (p<0.05).   

Samples  Color 
characteristics  

Taste 
characteristics  

Mouth feel  Flavor(aroma) 
characteristics 

Overall 
acceptability   

TNMcontrol 8.10±0.00a 6.80±0.00b 6.00±0.01b 5.70±0.00a 6.50±0.03b 
TNM 1 7.10±0.00b 7.60±0.00a 6.40±0.10a 7.60±0.00d 6.90±0.01a 

TNM 2 6.20±0.00e 8.50±0.00d 7.80±0.00d 8.10±0.00e 8.70±0.00c 

TNM 3 8.50±0.00f 8.20±0.00e 8.10±0.00c 8.90±0.10e 8.80±0.00d 
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3.1 Sensory Evaluation  
Organoleptic evaluation of the prepared fermented 
sorghum flour/tiger nut flour was all accepted at 
different levels. The Organoleptic evaluation 
showed that the combinations of the cereals and 
tiger nut tuber to prepare the food mixtures were 
liked by mothers. None of the mothers developed 
any side effect like diarrhea or vomiting, one 
month after sensory evaluation.  
 
Ten member panels were used to evaluate the 
samples. The panels’ were semi- trained but 
consisted of consumers familiar with the meal 
(mothers). Selection was based on interest and 
availability. The samples were prepared by mixing 
50g blended flour in 150ml cold water.  This was 
brought to boil to obtain gelatinization. The panel 
members were seated in an open, well illuminated 
laboratory. They rated the samples based on color, 
taste, aroma, mouth feel and overall acceptability 
on a 9 point hedonic scale, where 9 represented 
extremely like to 1, dislike extremely respectively. 
 
4. Discussion 
 
Results of sensory evaluation of the flour blends 
containing different levels of tiger nut flour and 
fermented maize flour as compared to the control 
fermented maize flour as shown in Table 4. The 
results of porridge color appearance did not show a 
consistent pattern for all the samples. The higher 
the amount of tiger nut flour the darker the 
porridge. The brownish appearance could be 
directly related to the increase in fiber content.  
The scores for texture (softness and chewiness) of 
the porridge samples increased with increase in the 
tiger nut flour substitution, when compared to 
whole porridge. The porridge sample with 40% 
tiger nut flour (TNM3) had the best texture score, 
as it gave a gritty mouth feel (fiber), which was 
acceptable by the panelist. The level of fiber in the 
samples aided the acceptability of the samples; the 
samples were tasted without sugar because of the 
presence of tiger nut which gave an improvement 
in the taste of the samples.  
 
The incorporation of tiger nut flour in fermented 
maize flour to form porridge resulted in the 
improvement of flavor as the flavor was very 
appealing panelists, the oil content in tiger nut 
tuber is responsible for the flavor in tiger nut flour 
which was pronounced during drying. The flavor 
was pronounced with the addition of 20% and 40% 
of tiger nut flour. 
 
The sensory evaluation also revealed that the 
samples with tiger nut flour up to 20% (TNM2) and 
40% (TNM3) were overall acceptable.  
 

Moisture content of flour is very important to its 
shelf life, lower the flour moisture, the better its 
storage stability (Akinrele, 1970). According to 
these results there are significant differences (0.05) 
in the moisture content of the four formulations. 
The low moisture content observed for the 3 
formulations is a good indicator their potential to 
have a longer shelf life. This is in line with 
(Vincent, 2002). It is believed that materials such 
as flour and starch containing more than 12% 
moisture content. For this reason, a water content 
of 10% is generally specified for flours and other 
related products. It should be pointed out that when 
these products are allowed to equilibrate for 
periods of more than one week at 60% relative 
humidity and at room temperature (25 to 27oC), 
moisture content might increase. The moisture 
content of maize/tiger nut samples ranged between 
{9.590 -9.390%} in maize/tiger nut flour. 
 
The pH of the blends was low which indicates that 
the shelf life of the formulation blends was at 
acceptable range each week which aided the aided 
the shelf life of the blends. The samples maintained 
their color in the first week of the experiment, still 
maintained their color in the second and third 
week. The aroma was equally maintained 
alongside. They was a light difference in the aroma 
of maize/ tiger nut (90:10%) and (80:20%). 
 
Conclusion 
 
The storage stability and sensory quality of a 
functional gruel produced from the combination of 
maize grain and tiger nut at a meal ratio of 60:40% 
offers a very acceptable meal both for infant and 
old ones. Furthermore, the addition of tiger nut in 
pap, (a meal that has lost a substantial amount of 
nutrient in the course of its processing) is 
particularly good for the replacement of lost 
nutrients and increase the ones that are present in 
the meal itself. 
 
Research Highlights  
 
Storage stability of cereal gruel produced from 
sorghum grains 
Storage stability of cereal gruel produced from 
Tiger nuts 
Sensory quality of functional cereal gruel produced 
from sorghum grains and tiger nut 
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