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ABSTRACT 

The study aimed at the production and evaluation of breakfast cereals (flakes) formulated from 

composite blends of corn (Zea mays) flour and quinoa seed flour (Chenopodium quinoa); a pseudo 

cereal that has recently gained the interest of researchers due to its unique functional properties. 

Breakfast flakes were developed from formulations of WCF (100% whole corn flour); CQF (90:10 

corn/quinoa flour); and QCF (50:50 corn/quinoa flour). The flakes were evaluated for their organoleptic 

acceptability, nutritional composition and functional properties. The result of the sensory evaluation 

showed that WCF was most acceptable in colour (4.90 ± 0.32) and was not significantly different 

(p>0.05) from CQF (4.10 ± 0.88). In terms of taste, texture, and aroma no significant differences 

(p>0.05) were recorded among all flakes blend. Overall, WCF was rated highest in acceptability at a 

mean score of 4.80 ± 0.42. However, QCF and CQF competed favorably with WCF in organoleptic 

quality. The result of the proximate analysis showed that compared with the control (WCF) which had a 

protein content of 7.36 ± 0.31%, the inclusion of quinoa enhanced the protein content in QCF and CQF 

at 9.40 ± 0.35% and 9.64 ± 0.03% respectively. Crude fibre, an essential component of functional foods 

was significantly enhanced with the inclusion of quinoa. In comparism with the control (9.02 ± 0.13%), 

the crude fibre content of CQF and QCF were 11.99 ± 0.12% and 15.99 ± 0.56% respectively. An 

increased inclusion of quinoa resulted in a corresponding decrease in carbohydrate (CHO) content as 

expected. The lowest CHO content was observed in QCF (49.66 ± 0.57%); while the highest CHO 

content was observed in WCF (62.50 ± 0.45%).  There was significant difference in all the functional 

properties observed except for the bulk density.  Quinoa fortification of corn flakes resulted in increased 

water absorption capacity (WAC) and oil absorption capacity (OAC). Hence QCF had the highest WAC 

and OAC at 35.33 ± 0.29% and 14.97 ± 0.15% respectively. In addition, QCF had the lowest 

emulsification capacity and swelling capacity at 41.43 ± 0.38% and 338.17 ± 0.19% respectively. The 

inclusion of quinoa in flakes could be beneficial as a breakfast cereal useful in human health and 

nutrition.   
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1  INTRODUCTION  

The first meal of the day is breakfast (Nkiru et al., 2019).It is a  combination of the words 

"break" and "fast," and it literally means "breaking the fast" from the previous meal or meal period or 

the snack  had a the day before. Extensive research has shown that eating breakfast compared to 

skipping breakfast improves macro- and micronutrient intake and status (Marion and Jolene, 2016), 

reduces the risk of weight gain (Szajewska and Ruszczynsk, 2010), and has positive effects on cognitive 

and academic performance [Marion and Jolene, 2016; Hoyland and Lawton, 2010] as well as the 

development of diseases like type 2 diabetes (Bi H et al., 2015) (Cahil et al., 2013; Smith et al., 2010) 

and cardiovascular diseases (Cahil et al., 2013; Smith et al., 2010). Researchers who studied the benefits 

of eating breakfast reported that the protein consumed from the breakfast meal is primarily responsible 

for its benefits. It was discovered that high protein breakfast meals are superior to low protein breakfast 

meals in terms of maintaining a normal blood sugar level between mid-morning and lunch. Different 

civilizations around the world serve breakfast in a variety of ways (Nkiru et al., 2019). It frequently 

contains a carbohydrate component, such as grains, fruits and/or vegetables, and beverages. Breakfast 

meals for adults and infants in underdeveloped nations, particularly Sub-Saharan Africa, are centered on 

a local staple diet of cereals, legumes, and tubers. Cereals, on the other hand, are the most widely 

consumed morning items (Nkiru et al., 2019). 

In Nigeria, there are two types of morning cereals: powdered mixes that are boiled or molded 

into gruel and served hot, such as "akamu" (corn starch gruel), oat, and custard, and ready-to-eat flaked 

cereals that can be eaten plain or blended with milk. Due to the nutritional value and awareness, 

convenience, and economic status, these two categories of breakfast cereals, together with bread, are 

gradually displacing most traditional diets and staples that were provided and consumed earlier as 

breakfast (Nkiru et al., 2019). 



 

 

Breakfast cereals are made mostly from maize (Zea mays), which is a key raw material. After wheat and 

rice, it is the third most significant crop more countries than any other crop in the entire world (Orhun, 

2013; Adom, 2002). It is grown in almost every corner of the world with the exception of Antarctica 

(Adom, 2002). On a dry matter basis, the typical kernel composition for commodity yellow dent corn is 

71.7 % starch, 9.5 % protein, 4.3 % oil, 1.4 % ash, and 2.6 % sugar (Watson, 2003). However, corn been 

a cereal, its product are usually lacking in certain nutrients especially protein and biological quality 

when it comes to the important amino acids lysine and tryptophan (Dragana et al., 2015). Corn (zea 

mays), although is generally a rich source of carbohydrate, its deficiency in protein and essential amino 

acids makes it unsuitable to meet up with nutritional standards in adults, as well as developmental 

conditions of infant. In most cases, their consumption alone could lead to infant malnutrition or increase 

in blood sugar level as a result of carbohydrate content which could consequently lead to high blood 

pressure, obesity, heart diseases, diabetes, stroke and high cholesterol (Nkiru et al., 2019). Therefore, 

there is the need to investigate possible additives for the enhancement of its potential as a functional 

food. Thus, recent research has focused on the substitution of maize with other plants or plant products 

for the optimization of its nutritional potentials. 

 

Quinoa (Chenopodium quinoa willd) is a plant species domesticated in the Andean region 5000 

years ago (Bazile et al., 2016). In 1996, Food and Agriculture Organization (FAO) classified it as one of 

the most promising crops for humans (FAO, 2011). The seed of quinoa is a pseudo-cereal known for its 

high nutritive value. Quinoa is high in protein, fiber, minerals, vitamins, and lipids. Quinoa grains are 

high in polyphenols and essential amino acids (Tang et al., 2015). Quinoa's amino acid composition is 

similar to the amino acid requirement pattern and is higher than that of whole grain and refined wheat. 

Quinoa also contains a significant amount of minerals. Quinoa seeds contain a significant amount of 



 

 

polyphenols (Tang et al., 2015). Quinoa grain has an excellent nutritional profile, with starch (32–60%), 

protein (10–18 %), and fat (4.4% to 8.8%), while ashes (primarily potassium and phosphorus) account 

for 2.4 % to 3.7 % and fiber ranging from 1.1% to 13.4 % (Romano et al., 2020; Mhada et al., 2020). 

Quinoa grains are also high in vitamin B and vitamin E, a fat-soluble anti-oxidant vitamin. Quinoa 

protein quality is comparable to that of milk protein (casein). Quinoa proteins contain all essential amino 

acids (tryptophan, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, 

tryptophan, tyrosine, and valine) (Vega-Galvez et al., 2010; Miranda et al., 2012), making it a complete 

food (Maradini-Filho, 2017). 

 Besides its high nutritional value, quinoa can withstand and grow in a wide range of temperature 

(-4
 
to 38 

o
C) and pH (6.0 – 8.5) under low rainfall (50 mm/year) and high salinity (40 ms/cm) (Graf et 

al., 2015). Therefore, quinoa could be a potential nutrient supply for most parts of the world.  

Several scholars have studied the application of quinoa or the effect of adding quinoa to improve 

nutritional and sensory properties of food products (Ahmed et al., 2020; Alghamdi, 2018; Ceyhun, 

Sezgin and Sanlier, 2019; Fernandez-lopez et al., 2021; Li and Zhu, 2018; Lorusso et al., 2017; 

Pellegrini et al., 2018; Obaroakpo et al., 2019; Wang et al., 2015). Recently, interest in quinoa has 

increased due to the inherent bioactive compounds (such as phenolic compounds, polysaccharides and 

saponins) which suggests the potential beneficial effects of quinoa because there is evidence indicating 

that these components may be associated with various biological activities, including anti-cancer, anti-

inflammatory and antioxidant activities (Ahmed et al., 2020; Al-Dabb et al., 2020; Coa et al., 2020; 

Repocarrsasco-Valencia et al., 2010). Hence, this study is therefore aimed at formulating and evaluating 

breakfast cereal (flakes) produced from corn-quinoa flour. 

 

 



 

 

 

2  MATERIALS AND METHODS 

2.1  Materials  

 Wholesome Maize grain (Zea mays) yellow variety used for this study was obtained from a local 

market in Auchi, Etsako west Local Government Area of Edo state, Nigeria. Quinoa (Chenopodium 

quinoa) was purchased from Jumia online shopping mall, Lagos State, Nigeria (India gate 100% natural 

quinoa, net weight 500g).  . The equipment, processing of samples was carried out in Food Technology 

Laboratory, Federal Polytechnic Auchi, Edo State, Nigeria.  

2.2  Sample preparation 

2.2.1 Preparation of maize flour 

The method of Nkiru et al. (2019) was used with slight modification. Maize grain (5kg) were sorted, 

cleaned and milled into flour with an attrition milling machine (Munson's Model SK-30-SS food-grade 

attrition mill) and then packaged in a well labeled airtight polythene bag  for further analysis. 

     

     Maize grain  

     Sorting and Cleaning 

    Dry Milling  

       Whole maize flour 

Figure 1: Flow diagram for the production of whole maize flour 



 

 

 

2.2.2 Preparation of Quinoa flour 

 The method described by Obaroakpo et al. (2019) was used in preparation of quinoa flour. Dried quinoa 

seeds (3kg) were thoroughly washed by scrubbing between palms until foaming stops, in order to 

remove the saponin responsible for its astringent bitter taste. The cleaned quinoa seeds were dried for 2 

hours at 40 
o
C in a hot-air oven. The dried quinoa seeds were cooled and thereafter milled to flour using 

an attrition mill (Munson's Model SK-30-SS food-grade attrition mill). 

 

   Dried quinoa seeds 

           Washing  

             Drying  

            Cooling  

           Dry Milling  

        Quinoa flour 

Figure 2: Flow diagram for the production of Quinoa flour.  

 

2.3 Sample Formulation 

Composite flour for the preparation of flakes was formulated by mixing Whole maize flour (WCF) and 

Quinoa flour (QF). Three samples of breakfast cereal(flakes) blends were generated by mixing 



 

 

composite flour of Whole maize flour(WCF) and Quinoa flour(QF) in the ratio of (100:0,90:10 and 

50:50). A control sample was produced from 100% maize. The table is shown below. 

Table 1 Formulation of flour samples  

Samples code                 Sample name 

WCF                              100% corn flour 

CQF                               90:10% corn/quinoa flour 

QCF                               50:50% corn/quinoa flour 

 

 

2.4 Breakfast Cereal Production (flakes) 

The breakfast cereal (flakes) was prepared by using the method as described by Nkiru et al. (2019) with 

slight modification. The formulated composite flour (500 g) was mixed with sugar (16 g), salt (4 g), 

milk flavour (6 g) and water (750 mL). The resultant batter was poured thinly on a cleaned flat greased 

stainless tray and placed in the oven (gas oven) until a semi dried product was obtained. The semi dried 

products were cut with a sharp knife, placed back into the oven for further drying and toasting at 280°C. 

The dried products were cooled and stored in air-tight container for further analysis. 

2.5         Functional properties of breakfast cereal from corn and quinoa seed flour 

The water and oil absorption capacity and swelling power capacity of the breakfast cereal were 

determined as previously described by Julianti, Rusmarilin, and Yusraini (2017) with slight 

modifications. Bulk density of the breakfast cereal was determined as described by Oyeyinka et al. 

(2014) while emulsion capacity,  foaming capacity and stability,  and gelation capacity were determined 

in triplicates using the method described by AOAC, (2010). 

 



 

 

2.5.1 Determination of water and oil absorption capacity 

Water and oil absorption capacities of the flour sample were determined using methods described by 

Julianti et al. (2015) using 1 g of flake sample and 10 mL distilled water or refined vegetable oil (Life 

Brand. Density, 0.89 gml
-1

). The determinations were carried out in triplicate at room temperature and 

the values were expressed as mL of water or oil absorbed by 1 g of flake sample. 

2.5.2 Swelling power 

The swelling power of flour was determined based on a modified method of Julianti et al. (2015). 

Approximately 0.1 g of  flakes sample was transferred into a weighed graduated 50 mL centrifuge tube. 

Distilled water was added to give a total volume of 10 mL. The sample in the tube was stirred gently by 

hand for 30 seconds at room temperature, and then heated at 60
o
C for 30 min. After cooling to room 

temperature, the samples were centrifuged for 30 min at 3000 rpm. The weight of sediment was 

recorded and the swelling power was calculated by:  

Swelling power = 
Weight  of  the  paste

weight  of  the  sediment
 

2.5.3 Bulk density 

The bulk density of the flour sample was determined by a modified method of  Oyeyinka et al. (2014). 

A measuring cylinder (100 mL) was filled with flakes sample to mark (50ml), and the content weighed. 

The cylinder was tapped gently against the palm of the hand until a constant volume was obtained. Bulk 

density was calculated as the ratio of the bulk weight and the volume of the container (g/ml). 

2.5.4 Emulsification capacity 

Emulsification capacity was determined according to the procedure of AOAC (2010) at room 

temperature. Flakes samples 2 g  and 23 mL of distilled water or NaCl (0.2 - 1.0M) solution were mixed 



 

 

for 30 s using a Phywe magnetic stirrer at 10 Ruhrer speed. After complete dispersion, refined vegetable 

oil (Life Brand, density 0.89 gmL
-1

) was added continuously (in mL portions) from a burette and 

blending continued at room temperature until the emulsion breakpoint was reached, when there was also 

determined in the pH range of 1-12 and the values are expressed as milliliters of oil emulsified by 1 g of 

flour. 

2.5.5 Foam capacity and stability 

Foam capacity and stability were determined by the method of AOAC (2010) with slight modifications. 

The flakes (2 g) were suspended in distilled water (100 mL) and stirred at room temperature for 5 mins 

using a magnetic stirrer at 10 Ruhrer speed (Phywe, Gottigen, Germany). The contents along with the 

foam were immediately poured into a 250 mL measuring cylinder. Volume of foam (mL) after mixing 

was expressed as the foam capacity and then volume over a time period of 20 - 120 min as foam stability 

for the respective time periods. Foam capacity measurements were also made using NaCl solutions of 

0.2 - 1.0 M concentrations and pH between 1 and 12. Measurements were made in triplicates and 

averaged. 

2.5.6 Gelation capacity  

Least gelation concentrations were determined using the method of AOAC (2010). Flakes samples were 

mixed with 5 mL of distilled water in test tubes to obtain suspensions of 2-20% (w/v) concentration. The 

test tubes were heated for 1 h in a boiling water bath, cooled rapidly under running tap water and further 

cooled for 2h in the refrigerator at 4 
o
C. The least gelation concentration was regarded as that 

concentration at which the sample from the inverted test tube did not fall or slip. 

 

2.6          Proximate composition 



 

 

The following proximate compositions were determined according to the official method described by 

the association of official and analytical chemists (AOAC, 2000). 

2.6.1 Moisture content determination 

About 5 g of the fresh sample varieties were placed in the crucible and heated at 105˚ C until a constant 

weight was attained. The moisture content of each variety was calculated as loss in weight of the 

original sample and expressed as percentage moisture content 

2.6.2 Protein content determination 

The protein content was determined according to AOAC, (2000). About 0.5g of the finely grounded 

sample was weighed into a digestion flask and Kjeidhal catalyst tablet was added; about 10ml of 

concentrated H2SO4 was added and digested for 5hours until a clear solution was obtained. The digest 

was cooled and transferred into 100mL volumetric flask and made up to mark with distilled water. 

About 20mL of Boric acid was dispensed into a conical flask and 5 drops of indicator and 75mL of 

distilled water was added to it. Crude protein was calculated. The percentage nitrogen content in each 

sample calculated was multiplied with a factor 6.25 to get the percentage protein content  

2.6.3 Estimation of crude fat 

About 3g of dried sample was taken in labelled thimble and was placed in extraction tube of Soxhlet 

apparatus. The temperature of the heater was adjusted such that a continuous drop of the ether was 

falling on the sample in the extraction tube. The process of extraction was carried out with petroleum 

ether (B. P 40-600 C) for 16hours. The sample was removed and the solvent was allowed to evaporate 

under fume hood. The extract was completely dried in an air oven for 30minutes at 105℃ and the 

weight of the extract was recorded after cooling in a desiccator. Crude fat was calculated  

2.6.4 Determination of crude fibre 



 

 

 About 2 g of each of the defatted sample was weighed into a 1L conical (W1). 200 mL of 1.25% 

sulphuric acid was then added and the content was then boiled for 30 mins. This was then filtered under 

vacuum followed by repeated washing with distilled water. The sample was then returned to the flask 

with the addition of 200 mL of 1.25% NaOH solution. This was boiled for 30 mins and filtered. The 

sample was thoroughly washed with distilled water followed by 10% HCl solution and further washing 

with distilled water to free the sample of any adhering acid. The sample was further treated with about 

10ml of light boiling petroleum ether and 10 mL of absolute ethanol. The sample was then scooped back 

into an empty crucible and placed in a hot-air oven set at 105 
o
C to dry for about 1 hr. The sample was 

then placed in a desiccator and allowed to cool to room temperatures and was weighed (W2). This was 

later placed in the muffle furnace and ashed for about 90 mins. The sample was then allowed to cool in a 

desiccator and was finally weighed as W3. The loss of weight on incineration is the mass of crude fibre 

expressed as: 

% Crude fibre = 
𝑊₂−𝑊₃

𝑊₁
 × 100 

Where; W1 =weight of defatted sample 

             W2= weight of sample at 105 
o
C  

             W3 = weight of sample at 550 
o
C 

2.6.5 Determination of ash content   

 The total ash content of a substance is the percentage of inorganic residue remaining after the organic 

matter has been  ignited. Two grammes of the samples was placed in a crucible and ignited in a muffle 

furnace at 550
o
C for 6 hours. It was then cooled in a desiccator and weighed at room temperature to get 

the weight of the ash. 

Ash (%) = 
𝑊𝑒𝑖𝑔ℎ𝑡  𝑜𝑓  𝑎𝑠ℎ

𝑊𝑒𝑖𝑔 ℎ𝑡  𝑜𝑓  𝑠𝑎𝑚𝑝𝑙𝑒
 × 100 



 

 

2.6.6 Carbohydrate determination 

The carbohydrate content was determined by difference (Otitoju, 2009). Total carbohydrate = 100- (% 

moisture + % ash + % fat + % protein + % crude fibre)   

2.7  Sensory Evaluation  

The sensory evaluation of corn-quinoa flakes samples was carried as described by Obaroakpo et al. 

(2019) with slight modification, 15-semi-trained panelist (. They evaluated the sensory properties based 

on colour, taste, texture, aroma and overall acceptability using a five-point Hedonic scale where 1 

represent “extremely dislike” and 5 “extremely like” respectively. 

2.8  Statistical Analysis 

The data were analysed using Statistical Package for Social Science (SPSS) version 20.0 (SPSS Inc. 

Chicago, IL, USA) correlations between parameters were assessed by Pearson’s correlation test while 

Duncan multiple range test was applied to determine the difference between means. 

 

3 RESULTS AND DISCUSSIONS 

3.1 Proximate Composition of Quinoa-blend corn flakes. 

The proximate composition of the formulated samples is shown in Table 2. The protein content of the 

formulated quinoa-based cornflakes ranged from (7.36 ± 0.31 % - 9.63 ± 0.03 %). There was no 

significant difference in the protein content of the samples (p<0.05).  Expectedly, the inclusion of quinoa 

significantly increases the protein content in the quinoa-based corn flakes. The highest protein content 

was recorded in sample CQF (90:10% corn/quinoa flour (9.63 ± 0.03%), while the least protein content 

was observed in WCF (7.36 ± 0.31%). Higher value of 15.68% to 18.26% protein content were recorded 



 

 

for a breakfast cereal made from a composite of AYB, Maize and defatted coconut flour (Usman, 2012) 

and for a breakfast cereal made from treated pigeon pea and sorghum with protein content of 13.53% to 

15.05%  (Mbaeyi, 2005). The variation in the protein content is because of differences in raw material 

used in the formulation of the breakfast cereals. There was an increase in the protein content with 

addition of quinoa seed flour in the corn flour. Quinoa seed has been reported to have protein content 

ranges from 12.9 to 16.5% (Vega-Galvez et al., 2010; Meneguetti et al., 2011; Gesinski and Nowak, 

2011; Saturni et al., 2010). The generally high level of protein, certainly demonstrates the effect of 

supplementation of corn flour with quinoa seed flour for breakfast cereal production. 

The ash content of the formulated quinoa-based corn flakes cereal ranged from 1.54% to 1.81% and 

significant differences (p< 0.05) exist among the samples. The range of values recorded were lower than 

that of the that recorded for a breakfast cereal made from composite of Maize and defatted coconut flour 

which had a ash content of 3.29 to 7.36% (Usman, 2012). On the other hand, lower ash content values 

(1.36%) and (1.50 – 2.50%) were reported by Agunbiade and Ojezele (2010) and Mbaeyi (2005) 

respectively. The variation in the ash content is because of differences in raw material used in the 

formulation of the breakfast cereals. Sample CQF (90:10% corn/quinoa flour) recorded the least ash 

content of (1.54 ± 0.05 %) while the highest ash content of (1.81± 0.04 %) was observed in sample 

QCF(50:50% corn/quinoa flour). The increase in the ash content might be attributed to the substitution 

corn flour with quinoa flour as it could be observed that with any increase in quinoa flour in the 

formulation there was increase in the ash content of the sample except for sample CQF (90:10% 

corn/quinoa flour). The low ash content recorded in the sample CQF might be due to low substitution of 

quinoa flour. 

The moisture content of the quinoa-corn flakes samples ranged from (10.22 ± 0.19 - 12.52 ± 0.45
 
%) and 

significant at (p< 0.05) difference exist among the samples. These results obtained does not agree with 



 

 

the values observed by Usman, (2012) for a breakfast cereal made from African Yam bean, Maize and 

defatted coconut flour. The high moisture content observed might result in relatively short shelf life of 

the product due to the availability of moisture for microbial activity. High moisture content of 12.52 ± 

0.45 % was observed in sample QCF (50:50% corn/quinoa flour) while the least moisture content of 

10.22 ± 0.19% was observed in sample WCF (100% corn flour). It can be deduced from this study that 

increase in moisture content is  attributed to the substitution of corn flour with quinoa flour as it was 

could observed that any increase in quinoa flour in the formulation resulted in increase in the moisture 

content of the samples. 

Also, the fat content of the quinoa-corn flakes increased as the proportion of quinoa flour increased. This 

is not surprising as quinoa flour has been reported to be relatively high in fat content (14.5%) with 

approximately 70%-89.4% being unsaturated (38.9%-57% of linoleic acid, 24.0%-27.7% of oleic acid 

and 4% of α-linolenic acid) (Tang et al., 2015; Vega-Galvez et al., 2010). High fat content of (10.23 ± 

0.21
a
 %) was recorded in sample QCF (50:50% corn/quinoa flour) while the least fat content of (8.44  

0.38
c
 %) was observed in sample WCF(100% corn flour).The values recorded were in range the values 

recorded for breakfast careal (8.70 -14.32%)made from composite of Africa yam beans, maize, sorghum 

and soybean (Agunbiade and Ojezele, 2010) and breakfast cereal made from Sorghum and pigeon pea 

composite flour (Mbaey, 2005) and higher than the values recorded by Nkiru et al.(2019) and  Usman 

(2012) who recorded  ( 1.10 to 1.41% and 1.84 to 2.02%) respectively. 

Crude fiber is a measure of indigestible cellulose, lignin and other components of food. The result 

showed significant difference among all samples analyzed. The highest crude fiber content was observed 

in QCF (15.9 ± 0.56%); while the lowest crude fiber content was observed in WCF (9.02 ± 0.13%). The 

results indicated that there was an increase in crude fiber in both QCF and CQF due to the present of 

quinoa. According to Vaswani et al. (2016), the concentration of the protein present in quinoa decreases 



 

 

and the fiber content increases as the plant matures. Therefore the increases of the crude fiber content 

observed in QCF (15.9 ± 0.56%) and CQF (12.00 ± 0.12%) may be attributed to the high protein content 

in quinoa. However, lower ash content values of 3.1-3.8% and 1.54 – 4.0% have been reported by 

Agunbiade and Ojezele, (2010) and Mbaeyi , (2005) respectively for other breakfast cereal formulations. 

Fiber is needed to assist in digestion and in keeping the gastrointestinal tract healthy and also help to 

keep the blood sugar stable. It also slows down the release of glucose during digestion (Trinidad et al., 

2006). The fecal bulking action of insoluble fiber makes it useful in the treatment of constipation and 

diverticular disease (McKevith, 2004). 

The   carbohydrate content of the formulated breakfast cereal ranged from 49.66 ± 0.57
 
- 62.50 ± 0.45. 

There were significant differences (p< 0.05) in the samples. Expectedly, the result of the carbohydrate 

content showed that the increase in the amount of substitution of quinoa flour for maize flour 

correspondingly led to decrease in the carbohydrate content of the breakfast cereal with sample WCF 

(100% corn flour) having the highest value of (62.50± 0.45) and sample QCF (50:50% corn/quinoa 

flour) having the least carbohydrate content of (49.66 ± 0.57). Similar observation was made from  study 

of Nkiru et al. (2019) who reported a corresponding  reduction in the carbohydrate content of a breakfast 

cereal  from flour blend of maize and jackfruit seed (50% Maize flour: 50% Jackfruit seed flour) 

 

Table 2:  Proximate Composition of Quinoa-blend corn flakes. 

 

Composition (%) 

Flake samples 

WCF CQF QCF 

Protein content  7.36  ± 0.31
a
 9.63  ± 0.03

a 
9.46 ± 0.35

a
 

Ash content 1.66  ± 0.05
c 

1.54  ± 0.05
b 

1.81 ± 0.04
a
 

Moisture 10.22  ± 0.19
c 

11.48 ± 0.42
b 

12.52 ± 0.45
a 

Crude fat 8.44  ± 0.38
c 

9.40 ± 0.35
b 

10.23 ± 0.21
a
 



 

 

Crude fibre  9.02  ± 0.13
c 

12.00 ± 0.13
b 

15.99 ± 0.56
a
 

Carbohydrate  62.50  ± 0.45
a 

55.32 ± 0.31
b 

49.66 ± 0.57
c 

Values are mean ± standard deviations of triplicate determination. Means with the different superscript 

in the same column are significantly different (p<0.05). Key: WCF - 100% corn flour; CQF - 90:10% 

corn/quinoa flour; and QCF - 50:50% corn/quinoa flour. 

 

3.2  Sensory acceptability of quinoa-based corn flakes 

The results of the organoleptic acceptability of the flakes are shown in table 3. The most important 

attribute of any food’s appearance is it colour, especially when it is directly associated with other food 

quality attributes. It was observed from the result that in colour attribute, WCF recorded the highest 

mean value (4.90 ± 0.32). This was expected due to the fact that whole corn flakes are the 

conventionally acceptable breakfast cereals known to most consumers. The result also showed that the 

least colour attribute was observed in QCF (3.60 ± 1.26). According to Leon et al. (2010), food 

appearances are determined mostly by surface color is the first sensation that the consumer perceives 

and uses as a tool to either accept or reject the food. Corn flour had a positive effect on the lightness of 

the flakes, but increased amounts of quinoa flour in the mixture resulted in a lesser bright colour. 

However, both samples WCF and CQF completed favourable in terms of colour which shows that 

consumers’ acceptance were relatively high in both flakes.  There were no significant difference at (p < 

0.05) in the taste preference, however, it was observed that WCF had the highest  value of 4.30 ± 0.67. 

CQF had a taste score of 4.20 ± 0.92; while the QCF had a taste score of 4.10 ± 0.99; and both CQF and 

QCF competed favorably with WCF in terms of taste. 

The result for texture showed that there was no significant difference (p > 0.05) among the samples. 

However, the highest mean value was recorded in QCF (4.20 ± 0.63) sample WCF (4.10 ± 1.10) and 

CQF (4.10 ± 0.87) competed favourable. For Aroma, the result also showed that no significant 



 

 

differences (p>0.05) were recorded among the samples. Nevertheless, the highest mean value was 

recorded in WCF (4.40 ± 0.690; while the least mean value was recorded in QCF (3.90 ± 0.74). 

Naturally, it is expected that consumers previously accustomed to the aroma of corn would find that of 

quinoa new. Interestingly, the influence of quinoa on the breakfast flakes was relatively acceptable and 

competed favorably with that of WCF.    

Overall, WCF had the highest level of acceptability at a score of 4.80 ± 0.42. However, no 

significant differences (p>0.05) were observed between CQF and QCF at  values of 4.20 ± 0.63 and 4.00 

± 0.82 respectively.  

 

 

 

 

 

Table 3: Sensory acceptability of quinoa-based corn flakes 

 

Parameter 

Flake samples 

WCF CQF QCF 

Colour 4.90 ± 0.3
a
 4.10 ± 0.88

ab 
3.60 ± 1.26

b 

Taste 4.90 ± 0.3
a
 4.10 ± 0.88

a 
3.60 ± 1.26

b 

Texture 4.90 ± 0.3
a
 4.10 ± 0.88

a 
3.60 ± 1.26

a 

Aroma 4.90 ± 0.3
a
 4.10 ± 0.88

a 
3.60 ± 1.26

a 

Overall acceptability 4.90 ± 0.3
a
 4.10 ± 0.88

b 
3.60 ± 1.26

b 

Values are mean ± standard deviations of triplicate determination. Means with the different superscript in the 

same column are significantly different (p>0.05). Key: WCF - 100% corn flour; CQF - 90:10% corn/quinoa flour; 

and QCF - 50:50% corn/qucorn-quinoa flour.  

 

3.3 Functional properties of breakfast cereal from blends of corn and quinoa seed flour 



 

 

Functional properties of corn-quinoa flakes are presented in the figures above. Functional properties are 

used in determining the application and use of food material for various food products. The result of the 

water absorption capacities ranged between (31.98 - 35.33 %). Water absorption capacity is the ability 

of flour to absorb water and swell for improved consistency in food. It is desirable in food systems to 

improve yield and consistency and give body to the food (Osundahunsi,  Fagbemi, Kesselman, & 

Shimoni 2003). Sample QCF had the highest capacity to absorb water (35.33 %) while the least water 

absorption capacities was observed in sample WCF with value (31.98 %). The increase in water 

absorption capacity in QCF may be attributed to the molecular structure of quinoa which inhibited water 

absorption. In addition, the flake with high water absorption may have more hydrophilic constituents 

such as polysaccharides. Protein has both hydrophilic and hydrophobic nature and therefore they can 

interact with water in foods.  

The result of the oil absorption capacity showed the highest capacity in QCF at (44.9 %). Several studies 

have reported that quinoa is a rich source of essential oil. Thus, it was observed in the study that the 

inclusion of quinoa in the flakes resulted in increased oil absorption capacity. The lowest OAC was 

observed in WCF (8.10 %). Also, significant difference (p < 0.05) exists between the samples. The 

presence of high fat and protein content in flours might have affected adversely the OAC of the 

composite flours. As observed, QCF which had the highest protein and fat content also recorded the 

highest OAC. The values obtained in this study was higher than the value of 0.87-1.32% reported by 

Usman , (2012) for a breakfast cereal made from composite of Africa yam bean, Maize and defatted 

coconut flour. 

The emulsification capacities play a significant role in many food products. The emulsion capacity of 

the blends reduced with increased inclusion of quinoa. Among the flake blends, WCF recorded the 

highest emulsification capacity (45.5 %); while the least emulsification capacity was recorded in QCF 



 

 

(41.4 %). Protein being the surface active agents can form and stabilize the emulsion by creating 

electrostatic repulsion on oil droplet surface (Kaushal et al., 2012). 

The result of the swelling capacity showed significance differences (p<0.5) among all flake 

samples. Expectedly, the highest swelling capacity was observed in WCF (370.49 ± 0.43%); while QCF 

recorded the lowest swelling capacity at 338.17 ± 0.19%. According to Crosbie (2009), swelling power 

indicates the water holding capacity of starch which has generally been used to demonstrate difference 

between various types of starches. 

Bulk density is defined as the mass of the many particles of the materials divided by the total 

volume they occupy. The total includes particle volume, inter-particle void volume and internal pore 

volume (Buckman et al., 2010). The result showed no significant difference (p>0.05) among all samples 

analyzed. However, the highest value was recorded in CQF (0.82 g/cm
3
); while the lowest value was 

observed in WCF (0.76 g/cm
3
) attributed to the fact that 100% of corn flour was used in its production. 

The high bulk density indicates their suitability for use in food preparations. Contrarily, low bulk density 

would be an advantage in the formulation of complementary foods, as well as breakfast foods (Akapata 

and Akubor 2010); which is usually preferred light by several consumers. 

The least gelation concentration (LGC) which is defined as the lowest protein concentration at 

which gel remained in the inverted tube was used as index of gelation capacity. From the results, it was 

observed that CQF and QCF had lower mean values of least gelation capacity at 0.05 ± 0.00 g/cm
3
 and 

0.05 ± 0.00 g/cm
3
 respectively. According to Akintayo et al. (2009), the lower the LGC, the better the 

gelation ability of the protein ingredient. 

 



 

 

 

Figure 3: Water absorption capacity of corn-quinoa flakes.  

Values are mean ± standard deviations of triplicate determination. Means with the different superscript are 

significantly different (p>0.05). Key: WCF - 100% corn flour; CQF - 90:10% corn/quinoa flour; and QCF - 

50:50% corn/quinoa flour. 

 

 



 

 

 

Figure 4: Oil absorption capacity of corn-quinoa flakes.  

Values are mean ± standard deviations of triplicate determination. Means with the different superscript are 

significantly different (p>0.05). Key: WCF - 100% corn flour; CQF - 90:10% corn/quinoa flour; and QCF - 

50:50% corn/quinoa flour. 

 

 

 

 



 

 

 

Figure 5: Emulsion capacity of breakfast cereal from corn-quinoa flour. Values are mean ± standard 

deviations of triplicate determination. Means with the different superscript are significantly different (p>0.05). 

Key: WCF - 100% corn flour; CQF - 90:10% corn/quinoa flour; and QCF - 50:50% corn/quinoa flour. 

 



 

 

 

Figure 6: Swelling capacity of breakfast cereal from corn-quinoa flour. Values are mean ± standard 

deviations of triplicate determination. Means with the different superscript are significantly different (p>0.05). 

Key: WCF - 100% corn flour; CQF - 90:10% corn/quinoa flour; and QCF - 50:50% corn/quinoa flour. 

 

 



 

 

 

Figure 7: Bulk density of breakfast cereal from corn-quinoa flour. Values are mean ± standard deviations of 

triplicate determination. Means with the different superscript are significantly different (p>0.05). Key: WCF - 

100% corn flour; CQF - 90:10% corn/quinoa flour; and QCF - 50:50% corn/quinoa flour. 

 

 



 

 

 

Figure 8: Least gelation concentration of breakfast cereal from corn-quinoa flour. Values are mean ± 

standard deviations of triplicate determination. Means with the different superscript are significantly different 

(p>0.05). Key: WCF - 100% corn flour; CQF - 90:10% corn/quinoa flour; and QCF - 50:50% corn/quinoa flour. 

 

 

 

 

 

 

 

 



 

 

4  CONCLUSION  

This present study reported that cornflakes blend with quinoa will help increase the protein 

content of cornflakes. In addition, it will contribute to a better balance diet for both children and adult as 

their breakfast food. Furthermore, quinoa inclusion in corn flakes could serve as an alternative 

ingredient for formulations of gluten-free breakfast food. 

Despite the observable changes in the nutritional, functional and sensory characteristics of 

quinoa-blend corn flakes, the incorporation of quinoa showed promising results for the development of 

novel gluten-free products. Therefore the use of corn flour fortified with quinoa could play important 

role in reducing the risk of diseases and will improve the nutritional content of cornflakes. 
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