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Abstract: Granola was produced using three varieties of maize namely, yellow, white and pop and oat as control. Coconut 

was added to the granola sample in order to replace walnut in the control. They were subjected to sensory, chemical and 

functional evaluation. Sensory analysis showed that there was significant difference in their color and taste, while flavor, 

texture, crispness and overall acceptability showed no significant difference (p≥0.05). Chemical analysis result showed that oat 

based granola had the highest value for fat, protein, energy, sugar, starch and amylopectin, while yellow maize granola had the 

highest value for moisture content and carbohydrate and white maize granola had the highest value for crude fibre and 

amylose. Granola produced from pop maize had the highest value for ash. There was no significant difference (P≥0.05) in ash, 

protein energy and amylopectin between oat granola (control) and maize based granola samples. Functional analysis of the 

samples showed that oat granola had the highest value for water absorption capacity and swelling power. Yellow maize granola 

had the highest value for dispersibility and bulk density. Pop corn granola had the highest value for solubility. There was no 

significant difference (P≥0.05) in bulk density and water absorption capacity. 
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1. Introduction 

Granola is a ready-to-eat breakfast cereal that is made 

from grain typically high in carbohydrate, low fat and often a 

good source of fibre (Annelisse, 2009). It is a breakfast food 

made from oats, walnut, peanut and wheat which is usually 

baked until it is dry and crisp. A breakfast cereal therefore 

can be said to be a ready to cook, ready to eat convenient 

food product. They include puffed, flaked, shredded and 

granular products made from wheat, maize, oats, rice and 

barley. They may be enriched with sugar, honey, a malt 

extract and fortified with vitamins, minerals and nutrients 

(Annelisse, 2009). 

Besides serving granola as food for breakfast, it is also 

eaten by those who are hiking or camping because of it 

lightweight and high calories. Granola is often eaten with 

yoghurt, honey, fruit and milk. It can also serves as topping 

for various types of pastries and/or dessert. 

Oat and walnut are the main raw materials for the 

production of granola, which is relatively high in cost due to 

the fact that it is not grown in Nigeria. Granola is unpopular 

and therefore its consumption is very low and so stands the 

status of a smuggled product from Ghana where it is more of 

a staple food. There is little information in literature on the 

product granola and therefore this research. 

Maize which is locally available and of low cost may serve 

as a substitute for oat and coconut for African walnut in the 

production of substitute granola. It is the most widely grown 

crop (FAO, 2009) and the fourth most consumed cereal in the 

past two decades, below sorghum, millet and rice (FAOSTAT 

2012). Being among the primary food staples, maize 

consumption is widespread across the country and among 

households of different status. It is widely used in the 

preparation of traditional foods, and has two major types, 

white and yellow with a high content of carbohydrate, 

moderate protein (zein), fat, but rich in fibre, mineral and 

vitamin. Its protein contains low amount of gluten but a good 

source of starch which is used for baking and its oil used for 

cooking (Watson 1987). 
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In Nigeria, coconut is grown mainly for food and wholly 

eaten raw, until recently when it is being processed on a 

small scale into candies and chips (Asiedu, 1989). Coconut 

has various uses and its flour has been developed for use in 

baking to combat malnutrition (Grinwood, 1975). It is used 

as a source of sugar, dietary fibre, protein, antioxidant and 

vitamin (Paniappan, 2002). The coconut residue is made into 

flour (Timida et al., 2001) and believed to contain dietary 

fibre, which has an important health implication in the 

prevention of risk of chronic disease such as cancer, 

cardiovascular disease and diabetes. Studies revealed that 

consumption of high coconut flour increase fecal bulk 

(Arancon, 1999). Coconut flour is gluten-free, though contain 

a significant protein. Its flour is used as composite in the 

baking of some product to improve the nutritional 

composition. According to Barret et al., (2004) when coconut 

flour is incorporated into wheat flour, it increases the amino 

acid content especially lysine. 

Peanut flour/paste remains underutilized and research is 

needed to develop new value added products from this raw 

material that is mainly used for livestock. Peanut has 

assumed significance in the recent years as a protein source 

in diets due to its high proteins content (25.80%). Its meal 

can be dried and ground into a paste form that can be added 

to various daily consumed foods (Zhao et al., 2011). 

Continuous search for wholesome food and poor 

nutritional quality of most readily available breakfast meal 

have lead to the utilization of other cheap underutilized 

and available food raw material which are desirable in 

reducing the use of high cost raw material such as oat and 

wheat to further enhance product development. This 

research intends to develop an adequate and nutritionally 

enriched breakfast meal to meet the need of the teeming 

population of our society. The objectives of this study 

therefore are, to prepare granola from locally available 

raw materials such as maize, coconut and peanut and to 

evaluate the sensory, chemical and functional properties of 

the granola samples. 

2. Materials and Methods 

2.1. Materials 

Maize (Zea may), oat (Avena sativa), peanut (Arachis 

hypogaea), coconut (Cocos nucifera), wheat (Triticumspp), 

milk, sugar, vegetable oil and vanilla flavor were Purchased 

from Mile 3 Market, while African walnut was purchase from 

“Spar” supermarket, all in Port Harcourt, Rivers State, 

Nigeria. 

2.2. Chemicals 

Chemicals used for this analysis were of analytical grade 

and were all obtained from the Biochemistry laboratory, 

Department of Food Science and Technology, Rivers State 

University of Science and Technology, Port-Harcourt, Rivers 

State, Nigeria. 

 

3. Methods 

3.1. Preparation of Maize Meal 

Maize grain (white, yellow and pop) varieties were sorted 

to remove spoilt grains. They were cleaned, winnowed and 

milled using a dry milling machine. The meal obtained were 

then stored in an air-tight container for use in the preparation 

of granola. 

 

Source: Adapted from Houssou and Ayemor, (2002). 

Figure 1. Flowchart for the production of maize meal. 

Table 1. Recipe for the production of granola. 

Ingredients Quantities  

 Standardgranola Alternativegranola 

 (control)  

Oat 500g _ 

Maizemeal _ 500g 

AfricanWalnut 80g _ 

Coconutmesh _ 80g 

Groundpeanut 160g 160g 

Wheatflour 100g 100g 

Sugar 160g 160g 

Water 200ml 200ml 

Vegetableoil 16ml 16ml 

Vanillaflavor 4ml 4ml 

Source: George and Esther, (2003). 

3.2. Preparation of Granola 

Granola was prepared according to the method described 

by George and Esther, (2003). Maize meal, coconut mesh, 

ground peanut, wheat flour and sugar were weighed into a 

bowl and mixed. Water, vegetable oil and vanilla flavor were 

added to the weighed sample in the bowl and were mixed 

into dough kneaded and cut into shape. The dough was 

spread on the tray and baked in an oven at 130°C for one 

hour. The baked product (granola) was allowed to cool and 

subsequently store in an airtight container. 
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3.3. Sensory Evaluation 

Granola samples were subjected to sensory evaluation 

within 24 hours of production. The granola was evaluated in 

two forms; dry and in milk solution the form in which it is to 

be served. A uniform quantity of granola and milk/sugar 

solution were given to all panelists in order to provide a base 

for assessment. 

The dry sample was evaluated for color/appearance, 

crispness, aroma, taste, texture and overall acceptability 

while granola in milk solution was evaluated for 

color/appearance, taste, texture/mouthful flavor and overall 

acceptability. 

A questionnaire was used to assess the above mentioned 

attributes using a 5-point hedonic scale with 5 = like 

extremely, 4 = like very much, 3 = neither like nor dislike, 2 

= dislike very much, 1 = dislike extremely (Larmond 1977). 

Twenty (20) semi trained panelists drawn from within and 

outside the Department of Food Science and Technology, 

who are regular consumers of maize and coconut and who 

were neither sick nor allergic to any component of the raw 

material used for the production of the products at the time of 

the evaluation, were involved in the assessment. The 

panelists were instructed to rinse their mouth with water after 

tasting each granola sample. 

3.4. Statistical Analysis 

Results were statistically analyzed by using analysis of 

variance technique. Level of significance within means was 

calculated by using the Duncan Multiple Range Test (Steel 

and Torrie, 1980).  

3.5. Chemical Analysis of Granola Samples 

The chemical analysis of granola samples was determined 

using the AOAC (1990) methods for moisture, ash, protein, 

fat and fibre. Total carbohydrate was calculated by difference 

of moisture, ash, protein, fat and fibre. The total energy value 

of the samples was determined according to the method 

described by Mahgoub (1999). Amylose content was 

determined according to the method described by Williams et 

al., (1970), while amylopectin was calculated by difference 

(% Amylopectin = % starch - % amylose). Starch and sugar 

was determined by the method described by Eke 2006. 

3.6. Functional Properties 

Dispersibility was determined by the method of Kulkarni 

et al., (1991), while the relative bulk density of samples was 

determined by the method described by Narayana and 

Narasinya, (1984). The water absorption capacity was 

determined using the method by Sosulski, (1962) while 

swelling Power and Solubility was determined using the 

method of Takashi and Sieb, (1988). 

4. Results and discussions 

4.1. Sensory Evaluation Result of Granola 

Table 2 shows the sensory evaluation result of dry granola 

samples prepared from three different maize varieties namely 

white, yellow and pop corn. 

Color ranged from 2.00 – 4.15 with samples C and D (pop 

and yellow maize granola, respectively) as the most 

preferred, while taste ranged from 2.90 – 4.15 with sample A 

(control) having the highest score. Color and taste are 

important sensory attributes which to a large extent 

determines the acceptability of food products. In the present 

study color and taste showed a significant difference 

(p<0.05) between the control and the maize based products. 

Flavor ranged from 3.10 – 3.30 with sampleD (yellow maize) 

as the highest, while texture had 3.30 for sample A (control), 

B (white maize) and C (pop corn maize) and 3.55 for sample 

D (yellow maize), with no significant difference occurring in 

texture. Crispness ranged from 3.30 – 4.00 with sample C 

(popcorn) having the highest. Overall acceptability ranged 

from 3.35 – 3.60 with samples A (control) and C (popcorn) as 

the highest. Flavor, texture, crispness and overall 

acceptability showed no significant differences (p>0.05) 

amongst the samples. This suggests that acceptable granola 

can be produce from the combination of maize, coconut and 

peanut. 

Table 2. Sensory evaluation result of dry granola samples. 

Sample Color Taste Flavor Texture Crispness Overall Acceptability 

A 2.00a±0.92 4.15a±1.14 3.20a±1.51 3.30a±1.45 3.45a±1.19 3.60a±1.14 

B 3.30b±0.94 3.05b±1.09 3.10a±1.09 3.30a±1.22 3.30a±1.03 3.55a±0.99 

C 4.15a±0.88 2.90b±1.16 3.25a±1.16 3.30a±0.98 4.00a±0.85 3.60a±0.95 

D 4.15a±1.99 3.55a±1.31 3.30a±1.08 3.55a±1.28 3.30a±1.17 3.35a±1.35 

Means with the same superscript in the same column are not significantly different (P > 0.05). 

Key: A= Oat granola (control). 

B= white maize granola. 

C= popcorn granola. 

D= yellow maize granola. 

4.2. Sensory Evaluation of Granola in Milk/Sugar Solution 

Table 3 shows the sensory evaluation result of granola 

samples consumed in a given quantity of milk and sugar in 

the ratio 3: 1, weight for weight. Color/Appearance ranged 

from 2.70 – 4.05 with sample D (yellow maize) as the 

highest, while taste, flavor, texture and overall acceptability 

ranged from 2.95 – 4.05; 3.15-4.05; 3.10-3.75 and from 3.15 

– 3.85 with sample A (control) having the highest 

respectively. 
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Table 3. Sensory evaluation result of granola in milk solution. 

Sample Color Taste Flavor Texture Overall acceptability 

A 2.70a±1.17 4.05a±1.09 4.05a±0.94 3.75a±1.02 3.85a±1.09 

B 3.20a±0.95 3.40b±0.94 3.15b±1.18 3.10a±1.07 3.20a±1.11 

C 3.50b±1.00 2.95b±1.09 3.25b±0.91 3.40a±1.27 3.50a±1.24 

D 4.05a±1.24 3.05b±1.31 3.15b±1.34 3.10a±1.37 3.15a±1.18 

Means with the same superscript in the same column are not significantly different (P > 0.05). 

Key: A= Oat granola (control). 

B= white maize granola. 

C= popcorn granola. 

D= yellow maize granola. 

Table 4. Chemical composition of granola (%). 

Sample M.C Ash Fat 
Crude 

Protein 
Crude Fiber CHO 

Energy 

(Kcal/100g) 
Sugar Starch Amy Amylop 

A 5.65b±0.21 1.47a±0.09 22.53a±0.68 10.92a±0.96 2.58b±0.14 56.58b±0.01 473.75a±6.02 11.17b±0.04 80.37a±0.15 40.11c±0.07 40.26a±0.07 

B 6.60a±0.00 1.45a±0.02 20.69b±0.83 6.65a±0.72 3.91a±0.02 60.75a±0.08 455.32a±7.79 10.59b±0.0 74.29c±0.25 40.66a±0.07 33.63b±0.07 

C 6.30a±1.28 1.53a±0.07 18.29c±0.06 9.74a±0.24 2.06c±0.06 60.08a±0.08 451.89a±0.40 10.84b±0.04 77.35b±0.50 40.27c±0.07 37.08a±0.07 

C 6.75a±0.07 1.43a±0.07 19.38c±1.52 7.18a±2.41 3.70a±0.21 61.56a±0.00 450.19a±15.56 11.04a±0.04 76.25b±0.29 40.33b±0.15 35.92a±0.16 

Means with the same superscript in the same column are not significantly different (P > 0.05). 

Key: A= (control) 

B= White maize granola 

C= Popcorn granola 

D= Yellow maize granola 

M.C= Moisture content 

CHO = Carbohydrate 

Amy = Amylose 

Amylop = Amylopectin 

4.3. Chemical Composition of Granola 

Table 4 shows the chemical evaluation result of granola 

prepared from three different maize varieties namely white, 

yellow and pop corn varieties. Moisture content ranged from 

5.65% - 6.75% with sample A (control) as the least and 

sample D (yellow maize) as the highest. Moisture content of 

granola ranging from 5.65% to 6.75% is less than the finding 

of Annelisse (2009) with the 15.1% with use of resistant 

starch for production of granola bar. The low moisture 

content of these products indicates that the product would 

have an extended shelf life. 

Ash content ranged from 1.43% - 1.53% with sample D 

(yellow maize) as the least and sample C (popcorn) as the 

highest. This result agrees with the finding of Jeffrey et al., 

(2011) who reported 1.50% ash content for corn meal, while 

fat content ranged from 18.29% - 22.53% with sample C 

(popcorn) as the least and sample A (control) the as highest. 

Fat content of granola in this study agrees with the findings 

of Annelisse (2009) with a value of 18.60%. The higher fat 

content of sample A (control) may be as a result of high fat 

content of African walnut, which was substituted with 

coconut, thereby giving a product of less fat content. Fat 

content may also be influenced by varietal difference 

Protein content ranged from 6.65% – 10.92% with sample 

B (white maize) as the least and sample A (control) as the 

highest. Protein content in this work agrees with the finding 

of Muhammad et al (2012) with a value of 9.00% of corn 

grit. The protein result of sample A (control) with a higher 

protein content is expected because of the presence of wheat 

which is known for its high protein, in relation to maize. 

Crude fibre result of 2.06% to 3.91% agrees with the 

findings of Muhammad et al., (2012) with a value of 3.91% 

for granola bar substituted with native syrup and dietary 

fibre. This result indicates that maize is a rich source of fibre.  

Carbohydrate content ranged from 56.85 – 61.56% with 

samples A (control) as the least and sample D (yellow maize) 

as the highest. This result agrees with the findings of Annelisse 

(2009) with a value of 58.9%, while energy ranged from 

451.89kcal/100g– 473.75kcal/100g with sample C (popcorn) 

as the least and sample A (control) as the highest. This result 

also is in agreement with the findings of Annelisse (2012) with 

a value of 450kcal/100g. The result shows that despite the 

change in the composition of the original ingredients, it did not 

adversely affect the derivable energy in the new product. 

Sugar and starch contents ranged from 10.59% to 11.17% 

and from 74.29% to 80.37% with sample B (white maize) as 

the least and sample A (control) as the highest respectively. 

There were no significant differences (P≥0.05) in sugar and 

starch contents of the samples. 

Amylose content ranged from 40.11% to 40.27% with 

sample A (oat granola) has the lowest value and sample B 

(white maize) has the highest value, while the reverse was 

the case for amylopectin which ranged from 33.63% to 

40.26% with sample B (white maize) having the least and 

sample A (control) having the highest. Amlyose is the linear 

components of starch and it imparts definite characteristics to 

starch and therefore, its content is an important criterion in 
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starch quality (Kurup, 1994). Amylose and amylopectin 

showed significant difference (P≤0.05) between the 

samples. 

Table 5. Functional properties of granola samples. 

Sample Dispersibility (%) Bulk Density (g/ml) WAC (g/g) Solubility Swelling Power (g/g) 

A 66.00b±2.82 0.40a±0.01 1.04a±0.00 23.07b±0.49 5.89a±0.18 

B 71.50a±2.12 0.46a±0.02 0.96a±0.01 23.89b±0.16 4.85b±1.16 

C 73.00a±0.00 0.46a±0.00 0.95a±0.05 25.18a±0.16 4.57b±0.14 

D 74.50a±0.70 0.47a±0.00 0.81b±0.00 25.15a±1.41 4.92b±0.01 

Means with the same superscript in the same column are not significantly different (P > 0.05). 

Key: A= Oat granola (control). 

B= white maize granola. 

C= popcorn granola. 

D= yellow maize granola. 

WAC = water absorption capacity. 

4.4. Functional Properties of Granola 

Table 5 shows the functional properties of granola 

prepared from three different maize varieties namely white, 

yellow and pop corn varieties. 

Dispersibility and bulk density ranged from 66.00%- 

74.50% and from 0.40 – 0.47g/ml with sample A (oat 

granola, control) as the least and sample D (yellow maize) 

as the highest. Dispersibility in water shows the ease of 

break-up of agglomerates which allow particles to sink 

below the surface and disperse rapidly in liquid (Tizazu and 

Emire 2010), while bulk density is very important in 

packaging and material handling since it enables a higher 

amount of material occupy a smaller volume (Karma et al., 

1981). There was a significant difference (P≤0.05) between 

oat based granola and maize based granola in dispersibility 

and no significant different (P>0.05) in bulk density 

amongst the samples. 

Water absorption capacity ranged from 0.81-1.04g/g with 

sample D (yellow maize) as the least and sample A (oat 

granola, control) as the highest. Niba et al., (2001) described 

water absorption capacity as an important processing 

parameter that has implications for viscosity. Furthermore, 

water absorption capacity is important in bulking and 

consistency of products. Increase in water absorption 

capacity in food systems enables end users to manipulate the 

functional properties of the dough in the bakery products. 

The yellow maize granola (sample D) was significantly 

different (P≤0.05) from the other samples. 

Solubility ranged from 23.07%-25.18% with sample A 

(control) as the least and sample C (popcorn granola) as the 

highest, while the reverse was the case for swelling power 

which ranged from 4.57-5.89g/g with sample C (popcorn) 

having the least value and sample A (control) having the 

highest value. Solubility reflects the extent of intermolecular 

cross bonding within the granule (Hari et al., 1989). In 

agreement with the above statement, Safo-Kantanka et al., 

(1996) stated that the swelling power of a starch based food is 

an indication of the strength of the hydrogen bonding between 

the granules. Swelling power therefore is a measure of swollen 

starch granule and the food eating quality is connected with 

retention of swollen starch granules (Richard et al., 1991). 

Swelling capacity is also a function of the product to rise when 

having interaction with water. Finney (1994) reported that the 

swelling capacity affects the temperature at which a product 

forms gel in maize flour; a similar observation was made in the 

present study. Solubility and swelling power showed 

significant difference between the samples. 

5. Conclusion 

Granola can be prepared from maize meal and coconut. The 

study has shown that maize and coconut can be substituted for 

oat and walnut in the production of granola of acceptable 

quality without altering the flavor, texture and crispness of the 

original oat based product. Maize based granola showed an 

increased value in carbohydrate, fibre and energy with energy 

showing no significant difference, while functional properties 

of the products also showed better dispersibility and solubility 

of maize based granola. However there was no significant 

difference in bulk density and water absorption capacity 

between the maize based granola and the control. Therefore 

maize and coconut can be used to produce an organoleptically, 

nutritionally and acceptable breakfast cereal granola. 
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