


Nutritional Composition and Mineral Content of Flour Blends from Cassava Starch, Millet, and Cowpea	Comment by OREKOYA ELIAS: 	Comment by OREKOYA ELIAS: The topic can be changed to Nutritional compositions of flour blends from cassava starch, millet, and cowpea. The reason is that minerals are part of nutritional compositions of food. It becomes repetition when mineral content is added





ABSTRACT
This study determined the proximate and mineral composition of flour blends from cassava starch, millet, and cowpea and their potential applications in the food industry. Flour blends were formulated and coded as CMC1 (10% cassava starch, 40% millet and 50% cowpea), CMC2 (10% cassava starch, 30% millet, and 60% cowpea), CMC3 (10% cassava starch, 20% millet and 70% cowpea) and CMC4 (10% cassava starch, 10% millet, and 80% cowpea) respectively, while WF (100% Wheat Flour) serves as control. The proximate and mineral composition of the flour samples were evaluated. The proximate composition ranged from 17.30-22.56%, 2.53-3.74, and 3.22-4.76 for protein, fiber, and crude ash respectively. There was no significant difference in the sodium and magnesium while the potassium content increased with an increase in cowpea. The calcium content ranged from 10.25-14.37 mg/100g and the potassium ranged were 6.86-7.44 mg/100mg. The nutritional component of the flour blend serves as an alternative to wheat flour.	Comment by OREKOYA ELIAS: 	Comment by OREKOYA ELIAS: The abstract does not contain summarized methodologies carried out in this research. 

KEYWORDS:  Cassava, Cowpea, Proximate, Mineral, Millet

INTRODUCTION
Nigeria is facing challenges related to malnutrition caused by protein and calorie deficiencies. Developing cost-effective, nutritious complementary foods is a key solution to addressing malnutrition in developing nations [1]. Although there have been recent strides in creating non-wheat flour from a combination of cereals, tubers, and legumes, finding a suitable alternative to gluten in cereal-based products like bread, biscuits, cake, and pasta remains a significant technological challenge [2]. Cassava, a widely consumed and cost-effective indigenous crop abundant in carbohydrates but low in protein, is a staple food in Nigeria [3]. Nigeria is the largest cassava producer with a yearly production of over 50 million tonnes [4]. Cassava and its by-products, including cassava flour and starch, are frequently utilized to make a variety of snacks and staple foods due to their high energy content, playing a crucial role in many people's daily caloric intake [5]. The low protein content of cassava starch has limited it use in the food industry, Addressing this limitation involves incorporating protein sources, such as legumes or cereals like millet into cassava starch to enrich the food product with enhanced quality and nutritional value [6].	Comment by OREKOYA ELIAS: The references cited are not recent. Get the latest or recent references.

Millet, a nutritious cereal, plays a vital role in fulfilling the protein and calorie requirements of people in Africa, particularly in Nigeria [7]. This gluten-free grain is rich in vitamins and minerals and is an excellent source of protein, minerals, dietary fiber, phytochemicals, and vitamins. Millet have a higher nutritional composition than rice and wheat, it is evident that foxtail millet, proso millet, and pearl millet have higher protein content than wheat. Additionally, kodo, foxtail, and barnyard millet contain higher fiber content, while Finger millet stands out with a significant calcium content of 344.00 mg/100g [8]
Cowpea, a staple crop indigenous to Africa, rich in vitamin B and protein content and holds significant nutritional and economic importance in various African nations [9]. According to Odedeji & Oyeleke (2011) [10], dehulled cowpea contains 62.86% carbohydrates, 0.48% crude fiber, 1.03% ash, 1.6% fat, 23.12% protein, and 10.89% moisture. Blending millet with other components such as cowpea flour and cassava starch may enhance the overall quality of the flour blends [2] Thus, the study analyzed the nutrient composition and mineral content of flour blends containing high-yield cassava starch, millet, and cowpea, and evaluate their potential applications in the food industry as a functional food product.



MATERIALS AND METHODS
[bookmark: _Toc49069358]Cassava, millet, and cowpea were purchased at Oja-Oba Market, Akure, Ondo State. The study was carried out in the Food Science and Technology Department, Federal University of Technology, Akure (FUTA), Ondo State, Nigeria. All reagents used were of analytical grade and purchased at Pascal Chemical Store, Akure, Ondo State. Nigeria.


Preparation of cassava starch flour 
Cassava tubers were washed, peeled, chopped into small sizes, and grinded in a high-speed blender. The pulp was thereafter suspended, stirred and filtered, the filtrate was allowed to stand to settle the starch whereas the top liquid was decanted and discarded. Stirring of mixture continues and filtration was repeated, and the final sediment (starch) is dried while discarding the top liquid. The preparation of cassava starch from the cassava tubers is summarized in Figure 1.	Comment by OREKOYA ELIAS: Some authors have used the same methodology in   preparation of their flours. You can cite the reference(s).
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[bookmark: _Toc49069359]Figure 1: Flowchart for the preparation of cassava starch from cassava tubers












Preparation of millet flour from millet
1000 g of millet seeds were manually picked, cleaned, and soaked for 48 h. The millet grains were oven-dried, milled, and sieved to produce flour. The millet flour was packaged in an airtight container. The preparation of millet flour from millet is summarized in Figure 2.	Comment by OREKOYA ELIAS: Some authors have used this same methodology in preparation of their bean flours. You can cite them.	Comment by OREKOYA ELIAS: What is the size of the sieve that you used?
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[bookmark: _Toc49069360]Figure 2: Flowchart for the preparation of millet flour from millet seeds.

Preparation of cowpea flour
500 g dried cowpea seeds were cleaned, and sorted to remove stones and other debris. The cleaned seeds were soaked in potable water for 20 min to soften the seed coat for easy dehulling. The dehulled cowpea was dried in a hot air oven at 650 C for 24 h and milled into flour, sieved into a fine powder, and kept in an airtight container for further use [11]	Comment by OREKOYA ELIAS: Write min in full (minutes)
The preparation of cowpea flour from the dry cowpea seed is summarized in Figure 3.
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Figure 3. Flowchart for the preparation of cowpea flour from cowpea seeds.
[bookmark: _Toc49069364]
Determination of the proximate composition of flour blends
[bookmark: _Hlk196104812]The proximate composition (moisture content, crude fiber, crude fat, total ash, and crude protein contents) of flour blends were determined by the method of AOAC [12]. The carbohydrate content was determined by difference. The percentage of total carbohydrate was estimated to be equal to the sum of percentage moisture, protein, ash and fibre subtracted from 100 g.	Comment by OREKOYA ELIAS: Show the summarized methods of these proximate compositions.
% Carbohydrate = 100 – (%protein + % fat +% fiber + % ash + % moisture)	Comment by OREKOYA ELIAS: Change to fibre i.e. British spelling and not American 


[bookmark: _GoBack]Determination of mineral composition of flour blends
The mineral composition (calcium, zinc, iron, sodium, potassium and phosphorus) of flour blends samples were determined as described by AOAC (2012).

Statistical analysis
[bookmark: _Hlk196150949]Data were analyzed using one-way ANOVA (p < 0.05) of IBM SPSS version 21. Tukey’s-b was used for post hoc mean separation [13].
RESULT AND DISCUSSION

[bookmark: _Hlk48926847]Table 1: Proximate composition of Cassava flour, Millet, and Cowpea flour blends
	Flour Blends
	Moisture (%)
	Fat 
(%)
	Ash 
(%)
	Crude fibre     
 (%)
	Protein (%)
	CHO (%)

	CMC1
	9.04±0.05e
	3.91±0.10d
	3.26±0.20c 
	2.53±0.08d 
	17.30±0.10d
	63.46±0.06b

	CMC2
	9.35±0.021c
	5.36±0.06b
	3.22±0.05c
	2.80±0.25c 
	20.34±0.05c
	58.94±0.01c

	CMC3
	9.14±0.01d
	5.20±0.14c
	3.63±0.10b 
	3.59±0.10b
	21.32±0.01b
	56.12±0.02d

	CMC4
WFL
	9.46±0.08b
13.32±0.16a 

	5.49±0.02a
2.12±0.04e

	4.76±0.11a 
0.75±0.09d
	4.74±0.18a
1.31±0.10e
	22.56±0.04a
11.49±0.07e
	53.51±0.05e
71.01±0.02a


All values are means of triplicate determinations. Means with the same superscript letter within the same column are not significantly different (p>0.05). The values followed by different superscript letters within the same column are significantly different (p<0.05).
KEYS: CMC1: 10% cassava starch, 40% millet and 50% cowpea
 CMC2: 10% cassava starch, 30% millet and 60% cowpea
 CMC3: 10% cassava starch, 20% millet and 70% cowpea
 CMC4: 10% cassava starch, 10% millet and 80% cowpea
 WFL:    100% wheat flour.

The proximate composition (moisture, carbohydrate, ash, crude fat, crude fiber, and crude protein) of blends of cassava starch, millet, and cowpea flour were analyzed, while wheat flour serves as the control (Table 1). There were significant differences in the moisture contents of the flour blends, and were significantly lower than the control (wheat flour). The increase in the percentage cowpea in the blends leads to a slight rise in the moisture content, this agrees with findings from a study by Olaniran et al. [14] on cowpea, cassava, and potato flour blends, which could be due to variations in flour composition.  Low moisture content is important for longer shelf life, as high moisture content can lead to degradation and spoilage by microorganisms. The moisture content in the study was below 12%, which is not conducive for microbial growth [15].
The crude fat content ranged from 3.52% to 6.09% in the flour blends. CMC4 showed a significant increase in fat content with a higher percentage of cowpea, while CMC1 with 50% cowpea had the lowest fat content. The fat content of 3.91 for CMC1 was similar to the report of Olaniran et al. [14] in 50% cowpea and 50% cassava flour blends.
There was no significant difference in the ash content of CMC1 and CMC2, while there was a noticeable increase in CMC3 and CMC4. CMC4 had the highest ash content, attributed to the 80% cowpea addition. These results were similar to those reported in a weaning food formulation comprising potatoes, cowpeas, and peanuts by Adenuga et al. [16]. The ash contents of the samples were significantly higher than that in wheat flour.

The crude fiber content increased with the percentage of cowpea in the flour blends, with values of 3.26, 3.22, 3.63, and 4.76 for CMC1, CMC2, CMC3, and CMC4, respectively. The fiber content was similar to the report of Adenuga et al. (2010) in weaning food formulations with potatoes, cowpeas, and peanuts. Higher fiber content enhances nutrient availability. Previous studies have also shown that cassava has a high fiber content compared to soybeans [17].
The carbohydrate content ranged from 53.51% to 64.46%, with the highest value in CMC1, where millet content was highest and cowpea addition was lowest. Previous studies showed that cowpeas have lower carbohydrate content compared to millet [18 , 19].
The protein content increased with the percentage of cowpea in the blends, with CMC4 having the highest protein content due to an 80% cowpea addition. Filli et al. [18] studied that cowpea had 22.10% protein compared to 10.18% protein content in millet. Previous studies have shown cowpeas to increase the protein content of flour blends [20, 14]. Dietary protein is essential during the production of new cells and hormones, maintenance of the body system, and repair of worn-out tissues.

Mineral composition of Cassava flour, Millet, and Cowpea flour blends

Table 2: Mineral composition of Cassava flour, Millet, and Cowpea flour blends
	Flour Blends
	Ca 
mg/100g
	Na 
mg/100g
	K 
mg/100g
	Mg
mg/100g
	P
mg/100g

	CMC1
	14.37±0.05a
	4.60±0.09a
	7.43±0.10a
	0.40±0.05b 
	7.69±0.08d

	CMC2
	13.41±0.01b
	4.47±0.11b
	7.42±0.05a
	0.32±0.04c
	8.82±0.10c

	CMC3
	10.25±0.02c
	4.37±0.15bc
	7.25±0.02b
	0.32±0.01c
	9.22±0.03b

	CMC4
	10.29±0.04c
	4.46±0.10b
	6.85±0.07c
	0.33±0.03c
	10.50±0.07a

	WFL
	3.43±0.03d
	0.58±0.12d
	4.05±0.05d
	1.38±0.02a
	3.83±0.16e


All values are means of triplicate determinations. Means with the same superscript letter within the same column are not significantly different (p>0.05). The values followed by different superscript letters within the same column are significantly different (p<0.05).
KEYS: CMCI: 10% cassava starch, 40% millet and 50% cowpea
             CMCI: 10% cassava starch, 30% millet and 60% cowpea
             CMCI: 10% cassava starch, 20% millet and 70% cowpea
            CMCI: 10% cassava starch, 10% millet and 80% cowpea
            WFL:  100% wheat flour

The analysis of the mineral composition of the flour blends showed significant variations (p<0.05) among the different blends. The phosphorus content for CMC1, CMC2, CMC3, and CMC4 was found to be 7.67 mg/100 g, 78.83 mg/100 g, 9.22 mg/100 g, and 10.51 g/100 g, respectively, while it was 3.83 mg/100 g for wheat flour (Table 2). These findings suggested that the addition of cowpea led to an increase in the phosphorus content in the samples, which agreed with findings on maize and cowpea formulations [11].

The calcium content ranged from 10.25-14.37 mg/100g in the flour blends, showing a significant increase (p<0.05) with the addition of millet to the blends, a consistent trend observed in potassium content (6.86-7.44). Previous research has highlighted millet's high mineral content, particularly in calcium [19]. There were minimal differences in the sodium and magnesium content among the flour blends. The flour blends were significantly higher in mineral components than wheat flour, aligning with the report of Tharise et al. [17] when comparing wheat flour with composite flour.	Comment by OREKOYA ELIAS: State if there is conflict of interest in this research.




CONCLUSION
The study revealed that the flour blends containing 80% cowpea exhibited superior nutritional quality, particularly in protein and fiber content. The mineral content (Ca, Na, and K) of the flour blends increased with the inclusion of millet and the potassium content increased with the inclusion of cowpea. The formulated flour blends contained higher nutritional and mineral components compared to wheat flour, indicating their potential as an alternative to traditional wheat flour.

RECOMMENDATION
This study can be extended in the future by considering more proportions of cassava starch, millet, and cowpea flour to ascertain the optimum level of each blend for better performance. 
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