NUTRITIONAL, FUNCTIONAL, MICROBIOLOGICAL AND SENSORY PROPERTIES OF BREAKFAST CEREALS PRODUCED FROM MAIZE FLOUR ENRICHED WITH SOYBEAN AND CARROT FLOURS 


ABSTRACT
This study was designed to evaluate the nutrient composition, functional, microbiological and sensory properties of maize-based breakfast cereals enriched with soybean and carrot flours. Each of the flours was used at varying replacement levels (5-25%) to complement the malted maize flour in the production of breakfast cereals with breakfast cereal produced from 100% malted maize flour as control. The nutrient composition, functional, microbial and sensory properties of the breakfast cereals were determined using standard methods. The proximate composition of the samples showed that the moisture, crude protein, fat, ash and crude fibre contents of the breakfast cereals increased significantly (p<0.05) with increased substitution of soybean and carrot flours from 7.43-9.14%; 11.87-21.66%; 2.15-6.06%; 3.18-4.28% and 2.11-3.41, respectively, while the carbohydrate and energy contents decreased. The control had the lowest carbohydrate (58.55%) and energy (361.73KJ/100g) values, respectively. The mineral composition of the samples were 38.76-118.35mg/100g calcium, 40.53-85.92mg/100g magnesium, 47.35-125.35mg/100g phosphorus, 32.79-113.95mg/100g potassium, 2.53-4.26mg/100g iron and 1.42-2.72mg/100g zinc. The vitamin composition showed that the ascorbic acid, niacin, thiamine, riboflavin, vitamin A and folic acid contents of the samples ranged from 22.19-71.61mg/100g, 62.73-120.32mg/100g, 4.36-5.57mg/100g, 5.37-6.51mg/100g, 18.62-78.75mg/100g and 3.02-3.81mg/100g, respectively. These vitamins were also observed to increase with increase in the addition of soybean and carrot flours. The microbial counts of the breakfast cereal samples showed that the total viable count of the samples ranged from 0.42 × 104-1.14 × 104 cfu/g, while their coliform and fungal counts were nil, which is an indication that the products would be safe, wholesome and shelf-stable with proper packaging and storage. The functional properties (bulk density, water absorption capacity, solubility index, gelation capacity, swelling capacity and oil absorption capacity) of the samples increased significantly (p<0.05) with increased substitution of soybean and carrot flours from 1.24-1.37 g/cm3, 35.14-93.34 ml/g, 48.76-91.67 %, 42.42-71.15 g/g, 4.77-9.15 g/g and 1.41-5.81 g/g, respectively. The sensory properties of the samples showed that the porridge prepared from the breakfast cereal made with 100% malted maize flour, was most preferred by the panellists and also differed significantly (p<0.05) in colour, texture, taste and aroma from composite flour breakfast cereals. Although the porridge made from the control sample was organoleptically most acceptable, the porridges prepared from the formulated samples were also rated high in all the sensory attributes evaluated by the judges. The study, however, showed that the nutrient contents and functional properties of maize-based breakfast cereals could be enhanced by enriching the maize flour with soybean and carrot flours at different graded levels in preparation of the breakfast cereal products.
Keywords: Breakfast cereals, enrichment, composite flour, nutritional quality, functional properties, microbiological quality, sensory properties
 
INTRODUCTION
“Breakfast cereal is a traditional breakfast food made from processed cereal grains. It is traditionally eaten as part of breakfast, or snack food, primarily in western societies. Although warm cereals like porridge and grits have the longest history, ready-to-eat cold cereals appeared around 19th century, and are most often mixed with milk (traditionally cow’s milk), but can also be paired with yoghurt instead or eaten plain. Fruits and nuts are sometimes added. Many cereals are produced from extrusion technology” (Aichner and Coletti, 2013) 
“Breakfast in simple terms means Breaking the fast of the previous day. It is the most important meal of the day because it is the meal which is used to break the fast of the long night usually 10-12 h. Breakfast is regarded by many nutritionists as the most important meal of the day because food consumed at breakfast seems to be more utilized than same amount eaten at night. Most researchers who have studied the effect of eating breakfast have suggested that the benefits are due mainly to the protein that is eaten from the meal because high protein breakfast has been found to be better than low protein breakfast especially in helping to maintain a normal blood sugar level between mid-morning and launch” (Esinminger, 1994). “Breakfast is basically produced from cereals which are the dry seeds of those members of the grass family grown for their grains and are by far the most important plant seeds eaten by man. “Breakfast cereals have been defined to include ready-to-eat breakfast cereals (RTEC), oats/porridges, and muesli” (Williams, 2014). “Breakfast cereal also include those dry cereals eaten at breakfast which have been processed into different forms by soaking, roasting, grinding, swelling, rolling or flaking, shredding or puffing. The level of protein eaten as breakfast cereal may depend partly upon the amount supplied by the cereal” (Williams, 2014).
	“In recent times, food product developers have incorporated legumes into traditional cereal formulations as nutrient diversification strategy as well as an effort to reduce the incidence of malnutrition among vulnerable groups” [47,48]. “Results from previous studies indicated that most cereals are limited in some essential amino acids especially threonine and tryptophan even though they are rich in lysine especially the yellow maize” (Onweluzo and Nnabuchi, 2009).
“Maize (Zea mays) has become one of the staple foods in many parts of the world with total production surpassing that of wheat and rice. Though not all of this maize is consumed directly by humans. Some of the maize produced are used for the production of other products such as corn starch and corn syrup etc. There are some important differences in the chemical composition of maize, hence the nutrient dense part of the maize is the kernel” (FAO, 1992). “The seed coat or pericap is characterized by a high crude fibre content of about 87 percent, which constitutes mainly of hemicellulose (67 percent), cellulose (23 percent) and lignin (0.1 percent)” (FAO, 1992).	 On the other hand, the endosperm contains a high level of starch (87.6 percent) and the protein level of about 8 percent. The crude fat content of the endosperm is relatively low. Finally, the germ is characterized by a high crude fat content, averaging about 33 percent. The germ also contains a relatively high level of protein (4 percent) and minerals. “In addition, it has been also reported that the aleurone layer is relatively high in protein content (about 19 percent)” (FAO, 1992). The protein of the maize is relatively fair in the sulphur containing amino acids (methionine and cystine) but low in lysine and tryptophan. However, maize glutelin which is another fraction of maize protein is complete in essential amino acids but when considered as a whole, the protein of maize is still low in lysine, very low in tryptophan but reasonably fair in sulphur containing amino acids. It is excessively high in leucine and high in the aromatic amino acids. The disease “pellagra” is prevalent among the people who rely on maize for a large proportion of their daily food. Pellagra is caused by a deficiency of niacin which occurs in bound form in maize as niacytin which is biologically unavailable and renders the maize deficient in niacin. In Mexico where tortillas are made, the alkaline conditions release the bound niacin and make it available; consequently, the incidence of pellagra is minimal. Maize grains contain a useful concentration of vitamin B1 or thiamine and yellow maize contains beta-carotene, a precursor of vitamin A.
Soybeans (Glycine max) are legumes which grow throughout the most countries of the world and are known to be one of the world’s major food crops. Soybeans are good source of protein and they can provide all the essential amino acids. Dry soybeans account for about 40% of protein content, while the carbohydrate and oil contents account for about 35 and 20 percent respectively. The remaining five (5) percent constitutes the ash content. The outer hull (drying over covering) of soybeans is a rich source of dietary fibre. It contains both soluble and insoluble fibre. Soluble fibre can have several important health benefits like lowering the levels of cholesterol and blood sugar, while the insoluble fibre can be beneficial for digestive health. It has been found that soluble fibre can also lower the risk of developing colon cancer. Apart from protein and carbohydrate, soybeans can provide significant amount of iron, vitamin C, thiamine, foliate or folic acid, calcium, magnesium, potassium, zinc and manganese. Among the phytochemicals found in soybean is isoflavones that are mainly known as genisteins which are phytoestrogens (plants compounds that have hormone-like effects). “They have the ability to bind to estrogen receptors and produce similar effects which include the lowering of the level of low-density lipoprotein and increasing the level of high density lipoprotein” (Mohammed and Archaya, 2013). Other phytochemicals found in soybeans are saponins, beta sitosterol and diadzein.
Carrot (Daucus carota L.) is a root type of vegetable which is usually orange in colour, though there are other colours like purple, black, red, white and yellow cultivars. “The carrot gets its characteristic bright orange colour from -carotene, and lesser amounts of -carotene, -carotene, lutein and zeaxanthin” (Abdel-Aal et al., 2013). The alpha and beta carotenes are partly metabolized into vitamin A, providing more than 100 percent of the daily value (DV) per 100g serving of carrots. Carrots are also good sources of vitamin K and vitamin B6, but also have modest content of other essential nutrients. Carrot contain 88 percent water, 4.7 percent sugar, 0.9 percent protein, 2.8 percent dietary fibre, 1 percent ash and 0.2 percent fat. Its dietary fibre comprises mostly of cellulose, with smaller proportions of hemicelluloses, lignin and starch. The free sugars in carrot include sucrose, glucose and fructose. The lutein and zeaxanthin types of carotenoids found in carrots have been studied for their potential roles in vision and eye health. Carrots are versatile vegetable that are commonly eaten raw, steamed, boiled and roasted and can be also used as a vital ingredient in preparing different soups and stews. The objective of this study was to evaluate the preparing nutritional quality, functional and sensory properties of maize-based breakfast cereals enriched with soybean and carrot flours. 

MATERIALS AND METHODS
Procurement of Raw Materials
The yellow variety of maize (Zea mays), soybean (Glycine max) and carrot (Daucus carota L.) used for the study were purchased from Ogbete Main Market, Enugu, Enugu State, Nigeria. The chemical reagents used for the analyse were of the analytical grade.
Preparation of Maize Flour
The malted maize flour was prepared according to the method described by Ariahu et al. (1999). One kilogram (1kg) of maize grains was immersed in 5 percent (w/v) sodium hypochlorite (NaOCl) solution to disinfect the grains. The grains were washed with 2 litres of potable water and steeped in with 3 litres of potable water at room temperature (30±2°C) using a ratio of 1:3 ((w/v) grain: water) in a plastic bucket for 18 h. The steep water was changed every 6 h to prevent fermentation. The grains were drained, rinsed and spread in a single layer on a moistened jute bag and allowed to germinate at room temperature (30± 2°C) for 72 h with continuous sprinkling of water at intervals of 8 h. The ungerminated grains were handpicked, and discarded, while the germinated grains were collected, spread on the trays and dried in a tray dryer (Model HR 6200, UK) at 60oC for 18 h. The dried maize malts were cleaned and rubbed in between palms to remove the rootless. The maize malts were milled into flour with the attrition mill and sieved through a 400 micron mesh sieve. The resultant malted maize flour was packaged in a covered plastic container, labelled and kept in a refrigerator until further use. 

Preparation of Soybean Flour 
The malted soybean flour was prepared according to the method described by Akinola et al. (2014) with slight modifications. “One kilogram (1kg) of soybean seeds was manually sorted to remove the dirt and other extraneous materials. The sorted seeds were thoroughly cleaned and steeped with 2.5litres of potable water in a plastic bowl at room temperature (30±2oC) for 24 h with a change of water at intervals of 6 h to prevent fermentation. The steeped seeds were drained, rinsed and immersed in 2% Sodium hypochlorite solution for 10 min to sterilize the seeds. The seeds were rinsed for five consecutive times with excess water and cast on a moistened jute bag, covered with a polyethylene bag and left for 24 h to fasten sprouting. The sprouted seeds were spread on the jute bag and allowed to germinate in the germinating chamber at room temperature (30±2oC) and relative humidity of 95% for 96 h. The seeds were sprinkled with water at intervals of 6 h to facilitate germination. Non-germinated seeds were handpicked and discarded. The germinated seeds were collected, spread on the trays and dried in a tray dryer (Model EU 850D, UK) at 60oC for 24 h with occasional stirring of the seeds at intervals of 30 min to ensure uniform drying. The dried malted soybean seeds were cleaned and rubbed in-between palms to remove the rootlets along with the hulls. The dehulled soybean malts were milled in the attrition mill and sieved through a 400 micron mesh sieve. The flour produced was packaged in a covered plastic container, labelled and kept in a refrigerator until needed for further use” (Akinola et al., 2014).
Preparation of Carrot Flour
The carrot flour was prepared according to the method described by Aremu et al. (2011) with slight modifications. One kilogram (1kg) of carrots was manually sorted to remove the dirt and other contaminants. The sorted carrots were cleaned with 2 litres of potable water and cut into smaller slices with a kitchen knife. The carrot slices were rinsed, placed into a stainless pot and blanched with 2.5 litres of potable water at 80oC for 5 min on a hot plate. The blanched carrot slices were drained, rinsed, spread on the trays and dried in a tray dryer (Model EU 850D, UK) at 60oC for 12 h with occasional stirring of the slices at intervals of 30 min to ensure uniform drying. The dried slices were milled in the attrition mill and sieved through a 400-micron mesh sieve. The flour produced was packaged in a covered plastic container, labelled and kept in a refrigerator until needed for further use. 

Formulation of Flour Blends
Maize, soybean and carrot flours were thoroughly mixed together at varying proportions of 100:0:0, 90:5:5, 80:10:10, 70:15:15, 60: 20:20 and 50:25:25 in a Kenwood blender (Mini-processor, Model A 90LD, Thom Emi Kenwood Small Appliance Ltd, Hampshire, UK) to obtain homogenous composite blends. The composite blends produced were separately packaged in covered plastic containers, labelled and preserved in a refrigerator until needed for the preparation of breakfast cereals. The composite blends used for the preparation of breakfast cereals are shown in Table 1.



Table 1: Composite flours used for the preparation of breakfast cereals 
	Sample
	Malted Maize Flour (%)
	Malted Soybean Flour (%)
	Carrot Flour 
(%)

	A
	       100
	       0
	           0

	B
	       90
	       5
	           5

	C
	       80
	       10
	           10

	D
	       70
	       15
	           15

	E
	       60
	       20
	           20

	F
	       50
	       25
	           25



Preparation of Breakfast Products
[bookmark: _GoBack]The breakfast cereals products were prepared according to the method described by Agunbiade and Ojezele (2010) with slight modifications. “The breakfast cereals were prepared by mixing the composite flours with small quantity of water, sugar and salt so as to have binding effect and improve the taste. The mixtures were individually heat treated by steaming for 10 min and then allowed to age at a temperature of about 4oC for 6 h. The resultant doughs were cut separately into very small sizes and shapes with a sharp knife, placed into flat greased baking trays and flaked or toasted in an electric oven (Salva, USA) at a temperature of 130oC for 1 h. Thereafter, the flaked or toasted breakfast cereals were allowed to cool at room temperature (30±2oC) and packaged separately in covered plastic containers, labelled and kept in a refrigerator until needed for analysis. The flaked breakfast cereals produced similarly from 100% malted maize flour was used as control” (Agunbiade and Ojezele, 2010). 
Proximate Analysis
The moisture, crude protein, fat, ash and crude fibre contents of the samples were determined on dry weight basis according to the method of AOAC (2016). The carbohydrate content was determined by difference as 100% - % (Moisture + Fat + Crude Protein +  Ash + Crude Fibre). The energy content of the samples was calculated from proximate composition by multiplying the percentage values of protein, fat and carbohydrate contents by the At water factors of 4, 9 and 4, respectively AOAC (2016). All determinations were carried out in triplicate samples. 


Mineral Analysis

The minerals were extracted by dry-ashing of the samples in a muffle furnace at 5500c to constant weight followed by the dissolution of the resultant ash from each sample in a volumetric flask by the addition of 50mL of de-ionized water and a few drops of Hydrochloric acid. The calcium, magnesium, phosphorus and zinc contents of the samples were determined using the atomic absorption spectrophotometer (Perkin-Elmer Model 300, Norwalk, Connecticut, USA) after extraction. The potassium and iron contents were also determined by the use of Techcomp AA 600 atomic absorption spectrophotometer and further confirmed by the use of a digital flame photometer. All determinations followed the methods of AOAC (2016) and were carried out in triplicate samples on dry weight basis.

Vitamin Analysis

The ascorbic acid, niacin and thiamine contents of the samples were determined on dry weight basis using the atomic absorption spectrophotometer (Perkin-Elmer, Model 300, Norwalk, Connecticut, USA) after extraction. The riboflavin and folic acid contents were determined by the use of a digital fluorimeter. The vitamin A content was determined using the ultraviolet absorption spectrophotometer after extraction with chloroform. All determinations followed the AOAC (2016) procedures and were carried out in triplicate samples.

Functional Properties 
The bulk density, water absorption, swelling and oil absorption capacities of the samples were determined on dry weight basis according to the methods of AOAC (2016). The solubility index and gelation capacity were determined according to the methods described by Okafor and Usman (2015). All determinations were carried out in triplicate samples.
Microbial Evaluation 
The total viable, coliform and fungal counts of the breakfast cereals were determined in triplicate using the pour plate method of James (2003). Two grams of each sample of the breakfast cereals was weighed and poured into a sterile test tube. Nine milliliters (9mL) of Ringer solution was poured into it and also into other test tubes arrange for serial dilution. The sample with the solution was homogenized by shaking. After that, one milliliter (1mL) of homogenized sample solution was pipetted into the test tube and used for serial dilution. One milliliter (1 mL) of each dilution was pipetted and transferred into the sterile petri dish and 20 mL of sterile nutrient agar was poured into the same petri dish. The mixture was thoroughly mixed by rocking until it was solidified. When it was solidified, it was turned upside down and cultured by incubating at the temperature of 37oC for 24 h. At the end of the incubation period, the colonies were counted using the digital electronic colony counter (Gallenkamp colony counter, Model CNW 330-010X, China) and the mean values of colonies were individually recorded appropriately.
The above procedure was repeated for coliform and fungal counts except that MacConkey agar was used in place of nutrient agar for coliform count and sample was incubated at 37oC for 96 h, whereas Potato dextrose agar was used for fungal count and incubation was done at 37oC for 120 h. After incubation, the colonies were counted using the same digital electronic colony counter (Gallenkamp colony counter, Model CNW 330-010X, China) and their mean values were separately recorded accordingly in each case.   


Sensory Evaluation 
The breakfast cereals prepared from both the control and the composite flour samples were evaluated by a panel of twenty (20) semi-trained judges comprising of staff and students of the Department of Food Science and Technology, Enugu State University of Science and Technology (ESUT), Enugu, Nigeria. The selection of the panellists were based on their non allergic to any food, and previous participation in similar sensory tests. The panellists filled a consent form approved by the University Institutional Review Board and received instructions on how the sensory test would be conducted. “The samples were evaluated for the attributes of colour, taste, texture, aroma and overall acceptability using a nine-point Hedonic scale with 1 and 9 representing dislike extremely and like extremely, respectively” (Odimegwu et al., 2019). The breakfast cereals were prepared into porridges according to the method described by Mbaeyi-Nwaoha and Uchendu (2016). One hundred and forty grams (140g) of each sample was dispersed in 100 mL of warm potable water with continuous stirring until it developed into gel. Two teaspoonfuls of powdered milk were added to each of the sample and stirred repeatedly until the milk is well distributed.  The samples were randomly coded and presented in white plastic cups and each panellist was provided with a plastic teaspoon, a glass of drinking water and unslated crackers to rinse his/her mouth after tasting each sample to avoid residual effect. The panelists evaluated and rated each sample of the breakfast cereals based on their preference and acceptability of each of them. Expectoration cups with lids were also provided to the panelists who would like to swallow the samples after tasting each of them.  

Statistical Analysis
The data generated were subjected to one-way analysis of variance (ANOVA) using Statistical Package for Service Solution (SPSS, Version 23) software. Means were separated using the Fisher’s least significance difference (LSD) test at p<0.05.

RESULTS AND DISCUSSION
Proximate Composition of Breakfast Cereals
The proximate composition of the breakfast cereals is presented in Table 2. 
The moisture content of the samples varied significantly (p<0.05). The moisture content ranged from 7.43 to 9.14% with the control sample having the least moisture content (7.43%), while the sample substituted with 25% soybean and 25% carrot flours had the highest value (9.14%). The values (7.43-9.14%) obtained in this study were lower than the moisture content (7.86-10.13%) reported by Mbaeyi-Nwoha and Uchendu (2016) for breakfast cereals produced from blends of acha and fermented soybean paste. The low moisture content observed for the breakfast cereals is a good indicator of their longer shelf life. 
The protein content of the samples which ranged from 11.87 to 21.66% was observed to increase with increased substitution of soybean and carrot flours in the products. The protein contents of all the composite breakfast cereal products were superior to that of the control The increase in protein could be possibly due to the addition of soybean flour and this is also in agreement with the report of Mbaeyi-Nwaoha and Uchendu (2016) who revealed that the addition of legume flour to cereal flour improves the level of protein. “Protein is needed for the synthesis of new cells and enzymes that are required for growth and development of the body” (Okaka et al., 2006). 
The fat content of the breakfast cereals ranged from 2.15 to 3.06%. The fat content of the control sample was significantly (p<0.05) lower than the fat contents of the substituted samples. The sample substituted with 25% soybean and 25% carrot flours had the highest fat content (3.06%).There were significant (p<0.05) differences in fat content of the products. “The increase in fat content could be due to the addition of soybean flour which has been reported to be rich in fat” (Iwe and Onalope, 2001). “Fat increases the energy density and also supplies the body with fat soluble vitamins and essential fatty acids that are needed for proper neural development” (Mariam, 2005).  
The ash content of the breakfast cereals ranged from 3.18 to 4.28% with the control and the sample substituted with 25% soybean and 25% carrot flours having the least (3.18%) and highest (4.28%) values, respectively. The observed increase in the ash content could be attributed to high mineral contents of soybean and carrot flours used for enriching the breakfast cereals. The values (3.18-4.28%) obtained in this study were higher than the ash content (2.43-4.18%) reported by Agunbiade and Ojezele (2010) for instant breakfast meals produced from maize, sorghum, soybean and African yam bean composite flours.
The crude fibre content of the samples ranged from 2.11% in the control sample to 3.41% for the sample substituted with 25% soy bean and 25% carrot flours. The crude fibre content of the samples was observed to increase with increased substitution of soybean and carrot flours. “This increase could be probably due to the complementation of maize flour with soybean and carrot flours which contain high amount of fibre and other nutrients” (Al-Farsi and Lee, 2008).  “Fibre helps to increase the utilization of nitrogen and absorption of some other micronutrients in the body” (Okaka et al., 2006). 
The carbohydrate content of the breakfast cereals varied from 58.45 to73.33% with the control and the sample substituted with 25% soybean and 25% carrot flours having the highest (73.33%) and the least (58.45%) values, respectively. The values obtained in this study were lower than the carbohydrate content (71.11-83.39%) reported by Egounlety (2012). The high carbohydrate of the sample produced from 100% malted maize flour (Control) could be attributed to the high carbohydrate content of maize that was used as the principal ingredient in the formulation of the products.
The energy content of the breakfast cereals which varied from 361.73 to 368.31KJ/100g decreased significantly (p<0.05) with increased in substitution of soybean and carrot flours in the products. The control sample (Breakfast cereal made with 100% malted maize flour) had the highest energy value (368.31KJ/100g), while the sample substituted with 25% soybean and 25% carrot flours had the least energy content (361.73k/100g). The variation in the energy content could be due to differences in protein, fat and carbohydrate contents of the raw materials used in the formulation of the breakfast cereals. The values (361.73-368.31KJ/100g) obtained in this study were higher than the energy content (352.24-360.18KJ/100g) reported by Okafor and Usman (2015) for breakfast cereals prepared from blends of maize, African yam bean, defatted coconut cake and sorghum extract. Energy content is a parameter used to determine the quality of food, especially for the formulations designed for adults with high energy requirements. The enrichment of malted maize flour with soybean and carrot flours in the preparation of breakfast cereals greatly increased their  protein, fat, ash and crude fibre contents with remarkable decrease in carbohydrate and energy contents of the products.
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Table 2: Proximate composition of breakfast cereals

	Samples 
	% Substitution MF:SF:CF
	Moisture 
	Protein 
	Fat
	Ash 
	Fibre 
	Carbohydrate
	Energy
(kJ/100g)

	A 
	100: 0:   0
	7.43f ±0.02
	11.87f ±0.03
	2.15f ±0.08
	3.18f ±0.06
	2.11f ±0.02
	73.33a ±0.04
	368.31a ±0.23

	B
	90:   5:   5
	7.83e ±0.00
	13.66e ±0.04
	2.17e ±0.07
	3.38e ±0.05
	2.43e ±0.03
	70.53b ±0.03
	366.01b±0.06

	C 
	80:  10: 10
	8.55d ±0.04
	15.49d ±0.07
	2.37d ±0.00
	3.53d ±0.06
	2.65d ±0.04
	67.41c ±0.00
	363.57c ±0.00

	D
	70:  15: 15
	8.96c ±0.00
	17.73c ±0.06
	2.67c ±0.05
	3.85c ±0.04
	2.87c ±0.03
	63.92d ±0.03
	362.11d ±0.04

	E 
	60:  20: 20
	9.11b ±0.03
	19.53b ±0.05
	2.94b ±0.02
	4.02b ±0.00
	3.19b ±0.03
	61.21e ±0.02
	362.12e ±0.04

	F 
LSD
	50:  25: 25
(0.05)
	9.14a ±0.04
0.41
	21.66a ±0.00
4.16
	3.06a ±0.04
0.20
	4.28a ±0.03
0.22
	3.41a ±0.01
0.24
	58.45f ±0.04
1.48
	361.73f ±0.05
3.76


Values are mean± standard deviation of triplicate determinations.  Means in the same column with different superscripts are significantly (0.05) different. 
 A - Breakfast cereals prepared from 100% maize flour,  B - Breakfast cereals prepared from 90% maize, 5% soybean and 5% carrot flours, C - Breakfast cereals prepared from 80% maize, 10% soybean and 10% carrot flours, D - Breakfast cereals prepared from 70% maize, 15% soybean and 15% carrot flours, E - Breakfast cereals prepared from 60% maize, 20% soybean flour and 20% carrot flours, F - Breakfast cereals prepared from 50% maize, 25% soybean and 25% carrot flours. MF- Malted maize, SF- Malted soybean, CF- Carrot flours.     


Mineral Composition of Breakfast Cereals
The mineral composition of the breakfast cereals is presented in Table 3. 
The calcium content of the breakfast cereals ranged from 38.76 to 118.35mg/100g. The control sample (Breakfast cereal made with 100% millet flour) had the least value (17.86mg/100g), while the sample substituted with 25% soybean and 25% carrot flours had the highest calcium content (118.35mg/100g). The observed increase in calcium content could be attributed to the substitution effect caused by high level of calcium in soybean and carrot flours used for enriching the products (Mbaeyi-Nwaoha and Uchendu (2016); Ani and Okoye (2021). The result showed that both the control and substituted samples of the breakfast cereals had a significant amount of calcium; hence, they are ideal for consumption by adults. Calcium is by far the most important mineral that the body requires and its deficiency is more prevalent than many other minerals. “Calcium and phosphorus are important for the development of strong bones and teeth” (Ugwuona et al., 2012).  
The magnesium content of the breakfast cereals ranged from 41.75 to 85.92mg/100g. The result showed that the sample substituted with 25% soybean and 25% carrot flours had the highest magnesium content (85.92mg/100g), while the control sample had the lowest value (41.75mg/100g).  The observation is an indication that soybean and carrot are good sources of magnesium (Adeolu and Enesi, 2013). The values (41.75 to 85.92mg/100g) obtained in this study were lower than the magnesium content (290.02 to 430.01 mg/10g) reported by Okafor and Usman (2015) for breakfast cereals prepared from blends of maize, African yam bean, defatted coconut cake and sorghum extract. Magnesium is an activator of many enzyme systems and it helps in the maintenance of the electrical potential in the nerves. “Magnesium also works with calcium to assist in muscle contraction, blood clothing and regulation of blood pressure and lung function”. (Chigozie and Alagbaso, 2019). 
The phosphorus content of the breakfast cereals varied from 47.35 to 125.35mg/100g with the control and the sample substituted with 25% soybean and 25% carrot flours having the least (47.35mg/100g) and highest (125.35mg/100g) values, respectively. The increase in the phosphorus content could be possibly due to the different treatments given to the raw materials used for the formulation of the products. The result also showed that soybean and carrot are likely to contain more phosphorus than maize (Al-Farsi and Lee, 2008; Agunbaide and Ojezele 2010). The values (47.35 to 125.35mg/100g) obtained in this study were higher than the values (10.38mg/100g to 13.62mg/100g) reported Chigozie and Alagbaso (2019) for breakfast cereals produced from blends of maize and jackfruit. Phosphorus is an essential mineral that is primarily used for growth and repair of body cells and tissues. “Phosphorus also plays a significant role in the formation of Adenosine Triphosphate (ATP) in the body” (Okaka et al., 2006). 
The potassium content of the breakfast cereals which ranged from 32.79 to 113.95mg/100g increased significantly (p<0.05) with increased in substitution of soybean and carrot flours in the products. This increase could be possibly due to the substitution effect which is an indication that soybean and carrot are good sources of potassium. The values (32.79 to 113.95mg/100g) obtained in this study were lower than the values (70.62 to 78.58mg/100g) reported by Chigozie and Alagbaoso (2019) for breakfast cereals produced from blends of maize and jackfruit flour. Potassium is primarily an intracellular cation that is mostly bound to protein. “It influences osmotic pressure and contributes to the maintenance of normal pH equilibrium with sodium” (Edima – Nyah et al., 2019).
The iron content of the samples varied significantly (p<0.05). The sample substituted with 25% soybean and 25% carrot flours had the highest iron content (27.36mg/100g), while the control sample had the least value (22.53mg/100g). The values (22.53-27.36mg/100g) obtained in this study were lower than the iron content (62.10-68.25mg/100g) reported by Ahmadu et al. (2023) for breakfast cereals produced from millet flour supplemented by soybean and date fruit flours. “Iron is important for heme iron that is needed in the formation of red blood cells and in maintenance of healthy living in children and women of child bearing age” (Ugwuona et al., 2012).
The zinc content of the breakfast cereals ranged from 1.42 to 2.72 mg/100g. The sample substituted with 25% soybean and 25% carrot flours had the highest zinc content (1.42mg/100g), while the control sample had the least zinc value (2.72mg/100g). The increase in zinc content could be attributed to the different treatments given to the raw materials used for the formulation of the products. “The result showed that soybean and carrot are relatively high in zinc contents” (Oloye, 2014; Ani and Okoye, 2021). Zinc is needed for growth and development during pregnancy, childhood and adolescence. “Zinc is a component of every living cell which plays an important role in hundreds of bodily functions which range from assisting in enzyme reaction to blood clotting. It is also essential for taste, vision and wound healing” (Barua and Boruah, 2004). 
The addition of soybean and carrot flours to maize flour in the formulation of breakfast cereals generally increased the mineral contents of the products.
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Table 3:	Mineral composition (mg/100g) of breakfast cereals
	Samples
	% Substitution MF:SF:CF
	Calcium
	Magnesium
	Phosphorus
	   Potassium
	Iron
	Zinc

	A
	100: 0:   0
	38.76f±0.06
	40.53f±0.02
	47.35f±0.10
	32.79f±0.06
	2.53f±0.04
	1.42f±0.03

	B
	90:   5:   5
	52.30e±0.06
	41.75e±0.04
	68.65e±0.19
	41.43e±0.08
	2.76e±0.02
	1.41e±0.04

	C
	80:  10: 10
	74.68d±1.05
	52.65d±0.02
	88.34d±0.12
	60.78d±0.09
	2.85d±0.03
	1.48d±0.03

	D
	70:  15: 15
	96.45c±0.05
	63.37c±0.02
	104.88c±0.18
	88.48c±0.10
	3.41c±0.04
	1.98c±0.06

	E
	60:  20: 20
	103.27b±0.02
	74.49b±0.06
	115.39b±0.19
	101.97b±0.13
	3.72b±0.05
	2.67b±0.07

	F
LSD
	50:  25: 25
(0.05)
	118.35a±0.03
3.18
	85.92a±0.11
1.26
	125.35a±0.12
3.82
	113.95a±0.17
3.92
	4.26a±0.07
0.22
	2.72a±0.08
0.42


Values are mean± standard deviation of triplicate determinations.  Means in the same column with different superscripts are significantly (p<0.05) different.
A - Breakfast cereals prepared from 100% maize flour, B - Breakfast cereals prepared from 90% maize, 5% soybean and 5% carrot flours, C - Breakfast cereals prepared from 80% maize, 10% soybean and 10% carrot flours, D - Breakfast cereals prepared from 70% maize, 15% soybean and 15% carrot flours, E - Breakfast cereals prepared from 60% maize, 20% soybean and 20% carrot flours, F - Breakfast cereals prepared from 50% maize, 25% soybean and 25% carrot flours, MF - Malted maize, SF - Malted soybean flours, CF- Carrot flours.
Vitamin Composition of Breakfast Cereals

The vitamin composition of the breakfast cereals are presented in Table 4. 
The ascorbic acid content of the breakfast cereals varied from 22.19 to 75.61 mg/100g with the control and the sample substituted with 25% soybean and 25% carrot flours having the least (22.19mg/100g) and highest (75.61mg/100g) values, respectively. The values (22.19 to 75.61mg/100g) obtained in this study were higher than the values (23.20 to 35.42mg/100g) reported by Mbaeyi – Nwaoha and Uchendu (2016) for breakfast cereals produced from blends of acha and femented soybean paste (okara). “The increase in ascorbic acid content could be attributed to the addition of high proportions of soybean and carrot flours to the products which have been reported to be good sources of ascorbic acid” (Vasudevan et al., 2010; Ade-Omowaye et al., 2015). “Ascorbic acid is important in the prevention of scurvy and development of healthy immune system in infants, young children and adults” (Polyzos et al., 2007).
The niacin content of the breakfast cereals varied significantly (p<0.05) from each other. The control sample (Breakfast cereal made with 100% malted maize flour) had the least value (62.73mg/100g), while the sample substituted with 25% soybean and 25% carrot flours had the highest value (120.32mg/100g). The increase could be due to different treatments given to the raw materials used for the formulation of the products. The values (2.14-3.56mg/100g) obtained in this study were higher than the niacin content (0.04-2.85mg/100g) reported by Mbaeyi-Nwaoha and Uchendu (2016) for breakfast cereals produced from blends of acha and fermented soybean paste (okara). “Niacin plays an important role in energy transfer reactions in the metabolism of glucose, fat and alcohol” (Jacob et al., 2015). 
The Vitamin A content of the breakfast cereals which ranged from 18.62 to 78.75mg/100g increased significantly (p<0.05) with increased substitution of soybean and carrot flours. “The increase  could be probably due to the complementation of maize flour with soybean and carrot flours which have been reported to be good sources of vitamin A” (Iwe and Onalope 2001; Gonclaves et al., 2010). The values (18.62 to 78. 75 mg/100g) obtained in this study were lower than the vitamin A content (28.25 – 98.15 mg/100g) reported by Wiles (2017) for South Africam ready-to-eat breakfast cereals. Vitamin A which is a fat-soluble vitamin plays a vital role in the maintenance of good sight. “Vitamin A also serves as a natural defense to the body against illnesses and infections” (Okaka et al., 2006; Edima – Nyan et al., 2019). 
The folic acid content of the breakfast cereals increased significantly (p<0.05) from 3.02 in the control sample to 3.81mg/100g for the sample substituted with 25% soybean and 25% carrot flours. “The observed increase in the folic acid content could be due to the different treatments given to the raw materials used for the formulation of the products”.  (Agunbiade and Ojezele, 2010). Folic acid plays a significant role as a co-enzyme in the body. 
The thiamine content of the breakfast cereals which ranged from 4.36mg/100g to 5.57mg/100g increased significantly (p<0.05) with increased substation of soybean and carrot flours. The sample substituted with 25% malted soybean and 25% carrot flours had the highest thiamine content (5.57mg/100g), while the control (breakfast cereal made with 100% malted maize flour) had the least value. “The increase could be due to substitution effect which is an indication that soybean and carrot are good sources of thiamine” (Iwe and Onalope, 2001; Gonclaves et al., 2010).  Thiamine functions as a co-enzyme in energy metabolism. It also helps in the treatment of beriberi and in the maintenance of healthy mental attitude in young children and adolescents. “Thiamine plays a vital role in muscle contraction and conduction of nerve signals in the body” (Okaka et al., 2006).
The riboflavin content of the breakfast cereals increased significantly (p<0.05) from 5.36 to 6.51mg/100mg with increased in substitution of soybean and carrot flours in the products. The control sample (Breakfast cereal made with 100% malted maize) had the least value (5.36mg/100g), while the sample substituted with 25% malted soybean and 25% carrot flours had the highest value (6.51mg/100g). The increase could be due to the complementation of maize flour with soybean and carrot flours. The values (5.36mg/100g-6.51mg/100g) obtained in this study were lower than the values (4.32-8.52mg/100g) reported by Chigozie and Alagbaso (2019) for breakfast cereals produced from blends of maize and jack fruit flour. “Riboflavin is involved in energy production for the electron transport chain, the citric acid cycle as well as the catabolism of fatty acids in the body”. (Jacob et al., 2015).
The substitution of maize-based breakfast cereals with soybean and carrot flours generally increased the vitamin contents of the samples. 


Table 4: Vitamin composition (mg/100g) of breakfast cereals

	Samples
	%substitution
MF:SF:CF
	Ascorbic Acid
	Niacin
	Thiamine
	Riboflavin
	Vitamin A
	Folic Acid

	A
	100:0:0
	22.19f±0.01
	62.73f±0.02
	4.36f±0.03
	5.37f±0.01
	18.62f±0.01
	3.02f±0.06

	B
	90:5:5
	33.33e±0.05
	85.22e±0.01
	4.54e±0.01
	5.67e±0.04
	32.15e±0.04
	3.13e±0.07

	C
	80:10:10
	42.26d±0.12
	98.69d±0.04
	4.79d±0.00
	5.83d±0.01
	44.47d±0.01
	3.24d±0.03

	D
	70:15:15
	52.32c±0.16
	105.66c±0.02
	4.97c±0.03
	6.04c±0.02
	56.55c±0.06
	3.36c±0.00

	E
	60:20:20
	64.89b±0.03
	114.67b±0.02
	5.27b±0.03
	6.21b±0.04
	69.65b±0.07
	3.67b±0.08

	F
LSD
	50:25:25
(0.05)
	75.61a±0.09
2.56
	120.32a±0.01
3.24
	5.57a±0.06
0.32
	6.51a±0.16
2.18
	78.75a±0.02
2.76
	3.81a±0.02
0.22



Values are mean± standard deviation of triplicate determinations.  Means in the same column with different superscripts are significantly (p<0.05) different.
A - Breakfast cereals prepared from 100% maize flour, B - Breakfast cereals prepared from   90% maize, 5% soybean and 5% carrot flours, C - Breakfast cereals prepared from 80% maize, 10% soybean and 10% carrot flours, D - Breakfast cereals prepared from 70% maize, 15% soybean and 15% carrot flours, E - Breakfast cereals prepared from 60% maize, 20% soybean and 20% carrot flours, F - Breakfast cereals prepared from 50% maize, 25% soybean and 25% carrot flours, MF - Malted Maize flour, SF- Malted Soybean flour, CF- Carrot flour.



Functional Properties of Breakfast Cereals
The functional properties of the breakfast cereals are presented in Table 5.
The bulk density of the breakfast cereals ranged from 1.24 to 1.37g/ml with the control having the least value (1.24mg/ml), while the sample substituted with 25% soybean and 25% carrot flours had the highest value (1.37g/ml). The result showed that the bulk density of the samples increased significantly (p<0.05) with increased substitution of soybean and carrot flours in the products. “The bulk density of a food material is generally affected by the particle size and density of the sample and it is very important in determining the packaging requirement and material handling in the food industry” (Malomo et al., 2012). The high bulk density recorded by the substituted samples showed that these products would have higher dietary bulk when reconstituted into porridges than the control sample (Breakfast cereal made from 100% malted maize) thereby making them not suitable for use in feeding of infants and young children. “High dietary bulk has been known to limit the calorific and nutrient intakes of infants and children by deterring them from consuming enough food that would satisfy their energy and nutrient requirements” (Iwe and Onalope, 2011).
The water absorption capacity of the breakfast cereals was significantly (p<0.05) higher in the sample substituted with 25%  malted soybean and 25% carrot flours compared to the control sample (Breakfast cereal made with 100% malted maize flour) which had the least value (35.14ml/g). There were significant (p<0.05) differences in water absorption capacity the samples. “The differences could be due to the presence of the greater number of hydroxyl group which exists in the fibrous structure and allows more water interaction through the formation hydrogen bonding” (Nassar et al., 2008). The result showed that the water absorption capacity of the formulated samples was generally higher than the control sample. Thus, the increase may be explained by their respective content of hydrophilic constituent such as carbohydrate which binds more water than either protein or fat. Both carbohydrate and protein are more soluble in water probably due to the fact that water aids in the breakdown of complexes of starch and protein to their simpler forms (simple sugars and amino acids). “Also, the water absorption capacity of the breakfast cereals could be equally associated with the nature of the starch granules after toasting” (Okafor and Usman, 2015). “The water absorption characteristic represents the ability of a product to associate with water under condition where water is limiting in order to improve its handling characteristics and dough making potentials” (Igbabul et al., 2014). “The low water absorption capacity of the sample made with 100% malted maize flour could be attributed to the presence of lower amount of hydrophilic constituents in the maize flour” (Mbata et al., 2009). Water absorption capacity is an indication of the extent to which protein can be incorporated into the food formulation. The increase in water absorption capacity implies high digestibility of starch. 
The solubility index of the breakfast cereals which varied from 48.76 to 91.68 % increased significantly (p<0.05) with increased substitution of soybean and carrot flours in the samples. The control sample (Breakfast cereal made with 100% malted maize flour) had the least value (48.76%), while the sample substituted with 25% soy bean and 25% carrot flours had the highest value (91.68%). The solubility index of a food material is controlled or affected by different factors which include the temperature, availability of water, species of starch and extent of starch damage due to thermal and mechanical processes. “Solubility is an index of protein functionality, hence, the higher the solubility index of a food product, the higher the functionality of its protein” (Okafor and Usman, 2015).  
The gelation capacity of the samples which ranged from 42.42 to 71.15g/g increased significantly (p<0.05) with increased substitution of soybean and carrot flours in the products. The result suggested that the native proteins that are soluble in the continuous phase (water) are very active in the substituted samples compared to the control. This is an indication that the breakfast cereals can readily form stable gels when stirred with boiling water at lower concentration within a short period during preparation. Gelation capacity is an index of water absorption capacity which indicates the ability of a food product to form a thick gel at lower concentration. “This showed that the formulated breakfast cereal samples would require little time to be reconstituted into porridges or gels or pastes than the control sample” (Moure et al., 2006).
 The swelling capacity of the samples varied significantly from each other. The control sample (Breakfast cereal made with 100% malted maize flour) had the least value (4.77%), while the sample substituted with 25% soybean and 25% carrot flours had the highest swelling capacity (9.15%). The result showed that the substituted breakfast cereal samples could form viscous gels at a faster rate than the control sample. The swelling capacity is an important parameter used for determining the amount of water a food product can absorb and swell at a given temperature. “Swelling causes changes in the hydrodynamic properties of food by enhancing certain quality attributes such as increase in bulk, thickening and viscosity of such a food product” (Moure et al., 2006). Swelling capacity is an indication of the water absorption index of the starch granules during heating.
The oil absorption capacity of the breakfast cereals which ranged from 1.41 to 5.81ml/g was observed to increase as the levels of substitution with soybean and carrot flours increased. The control sample had the least value (1.41ml/g), while the sample substituted with 25% soybean and 25% carrot flours had the highest value (5.81ml/g). “The increase in the oil absorption capacity observed in the substituted samples could be as result of increase in the presence of non-polar side chains of amino acids in protein of soybean flour which the ability to bind the oil hydrocarbon side chains in the products” (Jitngarmkusol et al., 2008). “The samples with high oil absorption capacity are potentially beneficial for structural interactions especially in the improvement of palatability, extension of shelf life, and flavour retention” (Suresh et al., 2015). “In addition, the oil absorption capacity is an essential functional property that is equally known to be important in enhancing the sensory characteristics such as flavour and mouthfeel of the food products. It also determines the ability of protein to bind fats” (Suresh and Samsher, 2013). The enrichment of maize-based cereals with soybean and carrot flours generally increased the functional properties of the substituted breakfast cereal samples compared to the control. 



Table 5: Functional properties of breakfast cereals
	Samples 

	% Substitution 
MF:SF: CF
	Bulk density (g/cm3)
	Water absorption capacity (ml/g) 
	Solubility Index (%)
	Gelation capacity (g/g)
	Swelling capacity (g/g)
	Oil absorption capacity (ml/g)

	A
	100: 0:   0
	1.24f±0.02
	35.14f±1.39
	48.76f±0.06
	42.42f±0.01
	4.77f±0.01
	1.41f±1.35

	B
	90:   5:   5
	1.28e±0.01
	69.34e±0.10
	54.72e±0.06
	48.69e±0.04
	5.60e±0.00
	1.82e±0.07

	C
	80:  10: 10
	1.30d±0.00
	78.56d±1.40
	65.38d±0.02
	53.51d±0.07
	6.72d±0.07
	2.54d±0.06

	D 
	70:  15: 15
	1.33c±0.07
	82.21c±1.40
	74.33c±0.05
	62.49c±0.02
	7.54c±0.08
	3.47c±1.35

	E
	60:  20: 20
	1.36b±0.02
	88.99b±1.39
	84.71b±1.26
	68.99b±0.01
	8.40b±0.03
	4.70b±1.43

	F
LSD
	50:  25: 25
(0.05)
	1.37a±0.04
0.16
	93.34a±1.39
3.12
	91.67a±0.06
3.08
	71.15a±0.02
2.32
	9.15a±0.01
0.56
	5.81a±1.27
0.36



Values are mean ± standard deviation of triplicate determinations. Means in the same column with different superscripts are significantly (p<0.05) different.
A - Breakfast cereals prepared from 100% maize flour, B - Breakfast cereals prepared from   90% maize, 5% soybean and 5% carrot flours, C - Breakfast cereals prepared from 80% maize, 10% soybean and 10% carrot flours, D - Breakfast cereals prepared from 70% maize, 15% soybean and 15% carrot flours, E - Breakfast cereals prepared from 60% maize, 20% soybean and 20% carrot flours, F - Breakfast cereals prepared from 50% maize, 25% soybean and 25% carrot flours, MF - Malted Maize flour, SF - Malted Soybean flour, CF - Carrot flour.


Microbial Counts of the Breakfast Cereal Samples
The microbial counts of the breakfast cereal samples are presented in Table 6:
The total viable count of the breakfast cereals samples ranged from 0.3×104 to 1.20×104cfu/g The result showed that the control sample (Breakfast cereal made with 100% malted maize flour) had the lowest total viable count (0.324cfu/g), while the sample substituted with 25% soybean and 25% carrot flours had the highest total viable count (1.20cfu/g). The values (0.3×104 to 1.20×104cfu/g) obtained in this study were lower than the values (3.8×104 to 7.7×104cfu/g) reported by Mbaeyi-Nwaoha and Uchendu (2016) for breakfast cereals made from blends of acha and fermented soybean paste (okara). The low total viable counts recorded by the samples could be due to the fact that the preparations of both the flours and the breakfast cereal samples were carried out under hygienic conditions. In addition, it also showed that clean containers were used to package the flour samples used for the preparation of the breakfast cereal products after processing. The coliform and fungal counts of the samples showed that none of the samples of the breakfast cereal was identified to have the growth of microorganisms such as coliform and fungi. The absence of coliform bacteria and fungi in all the samples is an indication that they are safe for human consumption and can be stored for a long period without spoilage.
The total viable count of microorganisms in the breakfast cereals was not high when assessed using guidelines for microbiological quality of ready-to-eat foods (Onwuama et al., 2023) which indicates (104cfu/g) for satisfactory, (104 to 105cfu/g) for acceptable and the unsatisfactory quality being 105cfu/g. The total bacterial and fungal counts in a food product may be a consequence of the low level of hygiene maintained after post processing, preservation and storage of the products. “Previous studies had revealed that the viable counts of foods prepared in advance and kept at ambient temperature (25 to 40oC) for a long period of time (4 h or more) reach critical levels” (Francina and Von Alexander, 1999). Microorganisms play a significant role in the determination of shelf-life of food products. “They are usually responsible for the spoilage of many food products” (FDA, 2013). A high viable count could indicate the presence of mixed population of microorganisms, which may consist of pathogenic and spoilage organisms. There were no coliform and fungal growths detected in the samples.  “The limits of microbial counts have been developed and recommended in most foods to keep them safe for consumption” (James, 2003). Therefore, there is need for proper storage of a food product with packaging material that would be best suitable for it and in the best environment in order to prevent contamination and more microorganisms from gaining entrance. However, it is preferable to utilize these flours as soon as possible especially soybean flour in the preparation of breakfast cereals and other food products because of its high protein content which may cause its spoilage with ease after prolonged storage.


Table 6: Microbial counts of breakfast cereal samples (cfu/g)
	Samples 
	Total Viable Count (cfu/g)
	Coliform Count (cfu/g)
	Fungal Count (cfu/g)

	A
	0.42 x 104
	Nil
	Nil

	B
	0.63 x 104
	Nil
	Nil

	C
	0.70 x 104
	Nil
	Nil

	D
	0.84 x 104 
	Nil
	Nil

	E
	1.04 x 104 
	Nil
	Nil

	F
	1.14 x 104 
	Nil
	Nil



A - Breakfast cereals prepared from 100% maize flour, B - Breakfast cereals prepared from   90% maize, 5% soybean and 5% carrot flours, C - Breakfast cereals prepared from 80% maize, 10% soybean and 10% carrot flours, D - Breakfast cereals prepared from 70% maize, 15% soybean and 15% carrot flours, E - Breakfast cereals prepared from 60% maize, 20% soybean and 20% carrot flours, F - Breakfast cereals prepared from 50% maize, 25% soybean and 25% carrot flours, MF- Malted maize flour, SF- Malted soybean flour, CF- Carrot flour.



Sensory Properties of Breakfast Cereals
The sensory properties of the breakfast cereals are presented in Table 7.
The scores for the colour of the breakfast cereals ranged from 5.60 to 8.10. The sample substituted with 25% soybean and 25% carrot flours had the least score (5.60), while the control (Breakfast cereal made from 100% malted maize flour) had the highest score (8.10). The scores (5.60 – 8:10) obtained for colour in this study were higher than the scores (5.00- 7.20) reported by Odimegwu et al. (2019) for breakfast cereals produced from blends of maize and jackfruit seeds flour. The change in colour observed, could be due to increased substitution of the soybean and carrot flours coupled with the relatively high sugar content of carrot flour which gave the breakfast cereals a slightly dark colouration. Colour darkening of the breakfast cereals could be due to Maillard browning which is a reaction between reducing sugars and amino acids of the proteins. Colour appeared to be a very important criterion for the initial acceptability of a food product by the consumer. 
The aroma score of the breakfast cereals decreased significantly (p<0.05) with increased substitution of soybean and carrot flours in the products. The score for the aroma of the samples ranged from 5.15-7.15. The scores for aroma (5.15 -7.55) obtained in this study were higher than the values (4.40- 6.80) reported by Ahmadu et al. (2023) for breakfast cereals produced from millet flour supplemented soybean and date fruit flours. The decrease in the aroma of the breakfast cereals could be due to the beany flavour of soybean which tends to increase with increase in the addition of soybean flour. The beany flavour found naturally in soybean flour is as a result of the action of an enzyme called lipoxygenase that is involved in the oxidation of lipids present in soybean product.
The score for the taste of the samples decreased significantly (p<0.05) with increase in the addition of soybean and carrot flours. The sample substituted with 25% soybean and 25% carrot flours had the least value (5.15), while the control sample (Breakfast cereal made with 100% malted maize flour) had the highest value (7.60). The scores for taste (5.15 -7.95) obtained in this study were higher than the values (4.82 – 6.84) reported by Odimegwu et al. (2019) for breakfast cereals produced from blends of maize and jackfruit seed flour. The increase in the addition of soybean and carrot flours resulted in decrease in the taste of the formulated samples. 
The score for the texture of the breakfast cereals increased significantly (p<0.05) with increase in addition of soybean and carrot flours. The breakfast cereals substituted with 25% soybean and 25% carrot flours had the least score (5.10), while the control (Breakfast cereal made with 100% malted maize flour) had the highest score (7.55). The scores for texture (5.10-7.45) obtained in this study were higher than the values (4.20-6.50) reported by Mbaeyi – Nwaoha and Uchendu (2016) for breakfast cereals produced from blends of acha and fermented soybean paste (okara).  The decrease in the texture of the fermented breakfast cereals could be due to the increase in substitution of the samples with soybean and carrot flours.
The score for the overall acceptability of the breakfast cereals were found to decrease with increase in the addition of soybean and carrot flours to the products. The breakfast cereals substituted with 25% soybean and 25% carrot flour had the least score (5.30), while the control (Breakfast cereal made with 100% malted maize flour) had the highest score (7.60). The scores (5.30 -7.60) for overall acceptability obtained in this study were higher than the values (4.60- 6.53) reported by Odimegwu et al., (2019) for breakfast cereals produced from blends of maize and jackfruit seed flour. The substitution of maize-based breakfast cereals with soybean and carrot flour generally reduced the sensory properties of the formulated samples produced in this study compared to the control. The overall acceptability of a food product is determined by comparing the scores of such a food in terms of colour, texture, aroma, taste and other sensory attributes with that of the control sample after the sensory evaluation.  

Table 7: Sensory properties of breakfast cereals
	Samples
	% Substitution MF:SF:CF
	Colour
	Aroma
	Taste
	Texture
	Overall acceptability

	A 
	100: 0:   0
	8.10a±0.10
	7.45b±1.19
	7.95b±1.47
	7.55a±1.13
	7.60a±1.39

	B
	90:   5:   5
	7.40b±1.25
	7.15a ±1.32
	7.60a±1.39
	7.25b±1.19
	7.45b±1.32

	C 
	80:  10: 10
	7.05c±1.28
	6.65c±1.33
	6.25c±1.24
	7.20c±1.45
	7.20c±1.07

	D
	70:  15: 15
	7.00d±1.27
	6.35d±1.23
	5.90d±1.43
	6.70d±1.45
	6.60d±1.31

	E 
	60:  20: 20
	6.00e±1.07
	6.25e±1.33
	5.75e±1.23
	5.20e±1.46
	6.60e±1.14

	F 
LSD
	50:  25: 25
    (0.05)
	5.60f±1.05
     0.28
	5.15f±1.41
     0.26
	5.15f±1.28
     0.27
	5.10f±1.44
     0.25
	5.30f±1.28
     0.24




Values are mean± standard deviation of twenty (20) semi trained judges.  Means in the same column with different superscripts are significantly (p<0.05) different.
A - Breakfast cereals prepared from 100% maize flour, B - Breakfast cereals prepared from   90% maize, 5% soybean and 5% carrot flours, C - Breakfast cereals prepared from 80% maize, 10% soybean and 10% carrot flours, D - Breakfast cereals prepared from 70% maize flour, 15% soybean and 15% carrot flours, E - Breakfast cereals prepared from 60% maize, 20% soybean and 20% carrot flours, F - Breakfast cereals prepared from 50% maize, 25% soybean  and 25% carrot flours, MF – Malted maize flour, SF – Malted soybean flour, CF- Carrot flour



CONCLUSION 
The study showed that the supplementation of maize flour with various proportions of soybean and carrot flours in the formulation of breakfast cereals significantly increased the proximate composition, mineral and vitamin contents as well as the functional properties of the formulated breakfast cereal products. The increase in the addition of soybean and carrot flours led to increase in the protein, fat, ash, crude fibre, calcium, magnesium, potassium, iron, zinc, phosphorus, ascorbic acid, riboflavin, niacin, folic and vitamin A contents breakfast cereals produced in this study with slight decrease in the carbohydrate and energy contents of the samples.
The study also revealed that the increase in the addition of soybean and carrot flours resulted in significant increase in the bulk density, solubility index, oil absorption, water absorption, gelation and swelling capacities of the samples. The low total viable count coupled with the absence of coliform bacteria and fungi recorded by the samples is a clear indication that the products were wholesome, safe and would have longer shelf-life with proper packaging and storage. 
The sensory properties showed that the porridge prepared from the sample made with 100% malted maize flour (Control) was the most prepared organoleptically by the panellists compared to the formulated samples. In addition, the porridges made from the substituted breakfast cereals were equally acceptable because they were also rated between (5.60 – 7.60) using a-nine point Hedonic scale by the judges. 
Therefore, the utilization of these nutrient dense and functional ingredients in the preparation of maize -based breakfast cereals could serve as cheap sources of nutrients and would also extend the use of soybean and carrot in food formulations. 
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