



FUNCTIONAL, NUTRITIONAL, AND ANTINUTRIENT EVALUATION OF BISCUITS FROM BLENDS OF BAMBARA GROUNDNUT AND SORGHUM FLOUR
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The study's objective was to ascertain the proximate, functional, and antinutritional properties of biscuits made with sorghum and Bambara groundnut flour. Using standard procedures, flours samples from various Bambara grundnut and sorghum were created, combined with wheat flour to create biscuits, and then tested for proximate, functional, and antinutritional properties. While 100% wheat flour was used as a control for biscuit manufacturing, sorghum and Bambara groundnut flours were used to replace 25% and 50% of the wheat flour, respectively. The proximate composition of the biscuits ranged from 10.41% to 14.26% protein, fat (13.01 to 15.34 percent), crude fiber (5.02 to 6.32%), ash (13.01 to 15.34 percent), and 52.78 and 59.82 percent carbohydrates. In that sequence, the biscuit samples' phytate, tannin, and oxalate contents were 69.56 mg/100g and 101.54 mg/100g, 11.24 to 20.13 mg/100g, and 20.83 mg/100g and 28.15 mg/100g, respectively. The functional properties of the flour showed that its bulk density was between 0.70 and 0.71 g/cm3, its oil absorption capacity was between 1.30 and 1.85 g/g, and its water absorption capacity was between 1.95 and 2.14 g/g. To increase the nutritional value of biscuits, Bambara groundnut and sorghum flour may be used for wheat flour. The use of the composite flours increased the biscuits' nutritional value when compared to biscuits made with wheat flour.
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I n t r o d u c t i o n
Composite flour can be characterized as non-wheat mixes used for the same purpose or as wheat and other flour blends used to make baked items. Economical and nutritional factors are the two justifications for mixing wheat with other flours (Emojorho et al., 2024). However, the cost, availability, and compatibility of the raw materials used in composites are taken into consideration while making the final product. Dietary fibers, or the fibrous, indigestible parts of food, are an essential component of a healthy diet. Fibers help food pass through the colon more quickly and retain water, which has a laxative effect (Emojorho et al.2024).
Ingredients used to make biscuits include sugar, water, oil, and wheat flour. Biscuits can be categorized based on the method used to shape them, as well as the extent of enrichment and processing. Biscuits can be made from batters, soft dough, or hard dough, depending on the enrichment criteria (Emojorho et al., 2024; Emojorho et al., 2023). A range of baked goods composed mostly of flour are collectively referred to as biscuits. A biscuit is a little, dry, crisp, thin, crunchy, unleavened cake. One category of food products that are offered for sale in ready-to-eat forms are biscuits and other baked goods. Both adults and children around the world eat them as snacks, despite the fact that they are heavy in fat and sugar. In spite of this, they make a substantial contribution to the daily energy requirements of humans (Emojorho et al, 2023).
A number of ingredients, such as wheat flour, water, oil, and sugar, are used to make biscuits. The shape technique, as well as the enrichment and processing stages, are used to classify biscuits. Biscuits can be made with batters, soft dough, or hard dough, depending on the enrichment criterion (Emojorho et al, 2023). Conversely, the nutritional value of the biscuits is influenced by the type of flour used. Soft wheat flour works best for biscuits. This is because it contains the water-, salt-, and sugar-soluble glutamine (glutelin) and the prolamin gliadin. This protein creates a visco-elastic matrix called "gluten," which gives dough its inclination to rise or baked foods their capacity to greatly increase in volume (Emojorho et al, 2023).
Underappreciated native legumes like bambara groundnuts are among Africa's most important crops. It is estimated that around 300,000 tons are generated each year. However, its usage is limited to residential use in most of Nigeria. In the eastern states, the seed is used to manufacture a steam gel called "Okpa," whereas in the northern states, it is consumed as a meal or roasted snack. Apart from being rich in minerals and vitamins, bambara groundnuts have 50% carbs, 6-8% lysine, 1.3 methionine, and 24% protein. They consist of 18–24% protein, 6.0–6.5% fat, 60–63% carbohydrates, and 7.3% moisture (Yusuf et al. 2008).
 After barley, rice, corn, and wheat, sorghum is the fifth most extensively produced crop worldwide. Proteins, minerals, vitamins, phenolic compounds, micronutrients, macronutrients, and bioactive chemicals are all abundant in sorghum grains and sorghum flour (SF) (Awika and Rooney 2004). Sorghum has binding qualities because of its distinct protein makeup, which aids in the creation and maintenance of food structures. Oils, lipids, and emulsifiers can all be absorbed and retained by SF.This characteristic is useful for bakery goods since it can improve bread, cakes, and pastries' volume, tenderness, and shelf life. 
Protein-energy malnutrition and micronutrient deficiencies could be lessened in the country by using combinations of these nutrient-dense agricultural items to make healthy biscuits. However, if you want to acquire the most nutrients from these crops, you must prepare them to reduce or eliminate natural anti-nutrients that could hinder the biological availability of the nutrients (Mal et al, 2005).
Combining bambara groundnuts with sorghum flour offers the potential to enhance the biscuits' nutritional value and chemical composition. The primary objective is to address the underutilization of sorghum and bambara groundnut by looking into their potential synergy in biscuit manufacturing. These advancements could ultimately improve the income and general well-being of the country's farmers, bolstering broader efforts to improve sustainable agriculture and elevate nutritional standards in general. The current study set out to investigate the chemical composition, physicochemical properties, and biscuit quality of flour derived from Bambara groundnuts (V. subterranean) and sorghum. When choosing how to use Bambara groundnut flour and sorghum in baked goods, this study could provide some basic information.
Using commonly available or consumed grains, legumes, and other nutrient-dense foods, dietary diversity has often been encouraged to meet the population's nutritional needs. In order to address the identified nutritional concerns, the idea of creating nutrient-dense biscuits using blends of sorghum and bambara groundnuts appears to be a very alluring approach. Due to the negative effects of the high cost of importing wheat on our economy, we must substitute local agricultural products for wheat flour in order to preserve our foreign exchange (Emojorho et al., 2023). Two extremely nutrient-dense but underutilized crops in Nigeria are sorghum and bambara groundnut.
By using composite flours, it would be possible to minimize the amount of wheat imported for the production of food items like biscuits, lessen reliance on wheat imports, preserve foreign exchange, and engage young people in constructive activities (Emojorho and Okonkwo, 2022). Determining the chemical and physicochemical characteristics of biscuits made using mixes of bambara groundnut and sorghum flour is the aim of the study.

Material and Methods
Source of raw materials
Sorghum, Bambara groundnuts, wheat flour, and other ingredients were bought from Delta State's Ozoro market.
Bambara groundnut flour
After sorting the Bambara groundnut seeds (Bukina), the beans were steeped in distilled water for 24 hours and then manually dehulled. The seeds were cooked for an additional 10 minutes (1:4 beans to water ratio); they were then drained and dried for 9 hours at 50°C in an air-circulating oven in a stainless steel pot. Using 0.25 mm sieves, the dry samples were ground and turned into flour (Olaoye, 2006).
Production of sorghum Flour 
Bolarinwa et al. (2015) outlined the process used to create sorghum flour. The two kilograms of sorghum grains were sifted to get rid of dirt, stones, and other debris. To achieve a moisture content of 42-46%, the cleansed grains were completely cleaned and steeped in water for 12 hours. After being boiled for 30 minutes to sterilize it, the hydrated grains were spread out over a moist jute bag and left to germinate for four days. The germinated seeds were dried in a cabinet dryer at 60°C until they had a moisture content of 10–12%, while the non-germinated grains were thrown away. After carefully brushing off the withering rootless grains, the malted grains were sieved, dry milled, and sealed in a cellophane bag until they were ready to use.
Formulation of composite flour blends: 25% and 50% of the wheat flour, respectively, were used in place of the bambara groundnut and sorghum flour. The control group consisted of biscuits made entirely of wheat flour. To create a uniform mixture, the flours will be properly combined. The samples will be labeled and kept in an airtight container at room temperature (30 ± 2°C) until they are needed to make biscuits.
Preparation of biscuits from the flour blends
In a food blender set to full speed (120 rpm) for 10 minutes, 25% and 50% of the wheat flour, respectively, were replaced with Bambara groundnut and sorghum flour. The biscuits were made according to Emojorho et al. (2023) instructions. A mixer was used to cream sugar and fat together. Then came the addition of the other dry ingredients. The eggs were next added, and then the five milliliters of water. Using a dough mixer, the doughs were combined for half an hour. A hand biscuit cutter was used to cut the dough into shapes. After putting the cutout dough on oiled trays, it was baked at 200°C for 20 minutes. The hot cooked biscuits were placed in a high-density polyethylene (HDPE) bag after cooling for fifteen minutes.
The control was a biscuit made entirely of wheat flour. The biscuit production flow chart is displayed in Figure 1.
Methods of analysis
Methods of analysis
Proximate Analysis: The amounts of protein, carbohydrate, fiber, fat, moisture, and ash were calculated using the AOAC (2023) technique.
Evaluation of functional properties
The technique described by Sathe and Salunkhe (1981) was used to determine the water and oil absorption capabilities. A modified Coffmann and Garcia (1977) method was used to determine the lowest gelation concentration. The method Narayara and Narasinga (1989) described was used to calculate the bulk density.
Analysis of Antinutrients
The phytate content was ascertained using the procedure described by Pearson (1979). The AOAC (2023) titration method was used to determine the sample's oxalic acid content. Tannin was identified using Pearson's (1979) Folin-Denis spectrophotometric technique.
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Fig 1: Flow chart for the production of biscuit
Source: Emojorho et al. (2023)
Data and experimental design: A split-plot design with complete randomization will be used to carry out the experiment. Analysis of variance was used to examine the collected data (ANOVA). Significantly different means were distinguished using the least significant difference (LSD) test. At p < 0.05, significance was acknowledged.
Results and Discussion 
Proximate Composition (%) of Biscuits from Composite Flour of Bambara Groundnut and Sorghum Flour
Table 1: Proximate composition (%) of Biscuits from composite flour of bambara groundnut and Sorghum flour
	SAMPLE
	MOISTURE
	PROTEIN
	
	FAT
	
	FIBER
	
	ASH
	
	CHO
	

	W
	10.81a±0.01
	10.77c±0.02
	13.01e±0
	1.63c±0
	5.02e±0
	58.78c±0

	WB1
	10.33b±0.03
	12.83b±0.04
	15.58b±0
	0.8d±0
	6.35b±0
	54.11d±0

	WB2
	9.4c±0
	14.26a±0.03
	16.23a±0.03
	0.63e±0
	7.44a±0
	52.01e±0

	WS1
	8.66d±0.02
	10.52d±0.03
	14.12d±0
	1.76b±0.02
	5.54d±0
	59.43b±0

	WS2
	6.25e±0.02
	10.41e±0
	15.34c±0.01
	1.86a±0.05
	6.32e±0.01
	59.82a±0


The duplicate determinations' means ± standard deviation are used to express the values. Values in the same column that have distinct superscript letters are significantly (p<0.05) different. There is no significant difference (p>0.05) between values in a column that have the same superscript letter. W stands for 100% wheat flour, WB1 for 75% wheat flour as Bambara groundnut flour, WB2 for 50% wheat flour as Bambara groundnut flour, WS1 for 75% wheat flour as sorghum flour, and WM2 for 50% wheat flour as sorghum flour.
The biscuits made with 50% wheat flour and 50% sorghum flour had the lowest moisture content (6.25), while the biscuits made with 100% wheat flour (10.81%) had the highest moisture level. The supplemented biscuits had moisture values ranging from 6.25 to 10.81 percent. For millet composite flour, the moisture content levels exceeded the 7.08 to 7.62% reported by Nwosu et al. (2025).The biscuits supplemented with sorghum and bambara groundnut flours had a lower moisture content as the amount of wheat flour decreased. According to Emojorho et al. (2024), biscuits with a lower moisture content have a longer shelf life and, consequently, are of higher quality. Due to their reduced moisture content, biscuits have a longer shelf life and are generally less susceptible to microbiological spoiling than cakes and bread (Emojorho et al., 2023, Emojorho et al., 2024). A high moisture content raises the danger of damage from mold growth and high water activity (aw). If packaged in a moisture-proof container, the low moisture value will guarantee sufficient shelf life stability (Emojorho et al., 2023, Emojorho et al., 2024).
According to Table 1, the biscuits' protein content varied between 10.41% and 14.26%. The values were greater than the 1.04 to 10.61 percent reported by Aniemena et al. (2024) for cupcakes made from garri-wheat composite flour, but slightly lower than the 12.44 to 17.17% reported by Emojorho et al. (2024) for biscuits made from composite flour of wheat and orange seed flours. Protein contents were greater in the biscuits made with bambara groundnut flour (12.83 % to 14.26 %) than in those made with sorghum flour (10.41 % to 10.52 %), with the biscuits made with 50% bambara nut flour having the highest value (14.26 %). Significant (p<0.05) variations were seen in the biscuits' protein levels. "When the amount of bambara nut flour and sorghum flour in all supplemented biscuits increased, the protein content gradually increased as well." There was a significant difference (P < 0.05) in the protein content between the biscuit samples. The biscuits had protein levels ranging from 10.41% to 14.26%. The biscuit made with 50% sorghum flour had the lowest protein level (10.41%). As the amount of bambara groundnut flour in the biscuits increased, the protein contents rose noticeably (p<0.05). Given that bambara groundnut flour had a larger protein content than wheat flour, this was most likely an extra effect. The biscuit with the lowest protein level, 10.41%, was made with 50% sorghum flour. As the amount of sorghum flour increased, the biscuit samples' protein level decreased. A broad class of substances, proteins are essential to biological systems for both structural and functional reasons (Emojorho et al., 2023, Emojorho et al., 2024). In addition to being the only source of critical amino acids required for growth and maintenance, protein gives off energy (Emojorho et al., 2023, Emojorho et al., 2024). 
The biscuits' fat percentages varied from 13.01 to 15.34 percent. The readings fell short of the 0.50 to 2.50 percent that Anene et al. (2023) reported. Compared to the supplemented biscuits, the biscuits made entirely of wheat flour (13.11%) had less fat. Compared to biscuits supplemented with sorghum flour (14.12–15.34%), biscuits supplemented with bambara groundnut flour had greater fat contents, ranging from 15.58 to 16.23%. In baked goods, fat softens texture, helps retain moisture, and enhances flavor.Since oil retains flavor and improves the mouthfeel of foods, fiber's capacity to absorb oils is a crucial ingredient in food formulations. Fat offers baked items a nice flavor and texture, and it improves the mouthfeel and palatability of biscuits (Emojorho et al., 2023, Emojorho et al., 2024).

The biscuits' crude fiber levels, which ranged from 0.63 to 1.86 percent, were comparable to those of cupcakes reported by Aniemena et al. (2024). The biscuit made with 50% Bambara groundnut flour had the lowest amount of crude fiber (0.63%). At 1.86 percent, the biscuit made with 50% sorghum flour had the greatest crude fiber level. The amount of sorghum flour in the biscuits raised their crude fiber content, while the amount of bambara groundnut flour decreased it.Consuming a lot of dietary fiber lowers the risk of coronary heart disease, stroke, diabetes, obesity, and several gastrointestinal diseases (Emojorho et al., 2023, Emojorho et al., 2024). 
The biscuits had ash concentrations ranging from 5.02 to 6.32 percent. For idli made from pgeon pea, African yam bean, and black gram, the values are greater than the 0.50 to 2.00 percent reported by Anene et al. (2023). The biscuit made with 50% bambara groundnut flour had the highest ash content (6.32%), whereas the biscuit made with 100% wheat flour had the lowest ash amount (5.02%). As the amount of wheat flour in all enriched biscuits decreased, the amount of ash gradually climbed.High mineral levels were indicated by the biscuits' high ash content (Emojorho et al., 2023, Emojorho et al., 2024). This suggested that the mineral content of biscuits would be enhanced by using sorghum and bambara groundnut flours. 


The biscuits' carbohydrate content varied between 52.78 and 59.82 percent. The findings were less than the 62.79 to 80.74 percent found in the rice, plantain, and mesquite seed composite flour reported by Emojorho et al. (2024 b). The biscuit made with 50% sorghum flour had the highest percentage, 59.82%. Since bambara flour had a lower carbohydrate content than wheat and sorghum flours, the decreased amount of carbohydrates in the samples treated with bambara flour might be ascribed to an extra effect. The biscuit made with 50% sorghum flour has the most carbohydrates (59.82%).As the amount of sorghum flour grew, so did the amount of carbohydrates. Carbohydrate content decreases as protein, fat, and ash content increase. Carbohydrates help with fat metabolism and provide a rapid source of metabolizable energy (Emojorho et al., 2023, Emojorho et al., 2024). 

Phytochemical composition (%) of Biscuits from composite flour of bambara groundnut and Sorghum flour
Table  2 :  Phytochemical composition (%) of Biscuits from composite flour of bambara groundnut and Sorghum flour
	SAMPLE

	TANNIN 
(mg/100g)
	
	OXALATE
(mg/100g)
	
	PHYTATE
(mg/100g)
	

	W
	0c±0
	20.83e±0
	69.46e±0.02

	WB1
	0c±0
	22.33d±0.03
	80.27d±0.02

	WB2
	0c±0
	23.46c±0.01
	100.15b±0.04

	WS1
	8.13b±0.01
	25.44b±0.02
	82.24c±0.02

	WS2
	10.23a±0.03
	28.15a±0.02
	101.54a±0.02


The biscuits' tannin content varied from 0.00 mg/100g to 10.23mg/100g. For biscuits made using composite flour, the results fell short of the range of 0.07 to 2.09 mg/100g reported by Emojorho et al. (2024). At 10.23%, the biscuit made with 50% sorghum flour had the highest value. Both the biscuits made entirely of wheat flour and those made with Bambara groundnut flour as a supplement did not contain tannin. As the amount of sorghum flour grew, so did the tannin concentration.
The biscuits' oxalate content varied between 20.83 mg/100g and 28.15mg/100g. For biscuits made using composite flour, the findings fell between 20.06 and 77.21 mg/100g, as reported by Emojorho et al. (2024). At 28.15 percent, the biscuit made with 50% sorghum flour had the highest value. Compared to biscuits made entirely of wheat flour, the added biscuits had higher oxalate contents. Both the biscuits made entirely of wheat flour and those made with Bambara groundnut flour as a supplement did not contain any tannin. As the amount of sorghum flour grew, so did the tannin concentration.
The biscuits' phytate content varied between 69.56mg/100g and 101.54mg/100g. The results fell short of Emojorho and Okonkwo's (2022) reported range of 128.54 to 303.35 mg/100g. At 101.54.15%, the biscuit made with 50% sorghum flour achieved the greatest value. Compared to biscuits made entirely of wheat flour, the added biscuits had higher phytate contents. As the amount of Bambara groundnut and sorhum flour in the biscuit samples grew, so did the tannin concentration. Both the biscuits made entirely of wheat flour and those made with Bambara groundnut flour added did not contain tannin. As the amount of sorghum flour grew, so did the tannin concentration.
Functional properties wheat, bambara groundnut and Sorghum flour
Table   3: Functional properties wheat, bambara groundnut and Sorghum flour
	SAMPLE

	BD
g/cm3
	
	WAC
g/g
	
	OAC
g/g
	
	
	LGC
g
	

	W
	0.7c±0
	1.95c±0.01
	1.3c±0
	
	5.5b±0.71

	B
	0.72a±0
	2.14a±0.02
	1.85a±0.07
	
	5b±0

	S
	0.71b±0
	2.02b±0.02
	1.55b±0.07
	
	10a±0


W=wheat flour, B=Bambara groundnut flour, S= Sorghum flour
The flours' bulk densities varied from 0.70 to 0.71 g/cm3. The bulk density values for the rice, soybean, and pumpkin flour composite flours were marginally greater than the 0.61 to 0.81 g/cm3 reported by Ihedinachi et al. (2025). Wheat flour had the lowest value (0.70 g/cm3), whereas bambara groundnut flour had the greatest value (0.72 g/cm3). The bulk density of the sorghum flour was 0.71 g/cm3. The flours can be used in food formulation without worrying about retrogradation because of their low bulk density. A flour sample's bulk density indicates how heavy it is (Emojorho and Okonkwo, 2022). According to reports, porosity and bulk density are negatively related (Emojorho and Okonkwo, 2022). Given the weight that the samples might support if placed exactly on top of one another, bulk density could be used to calculate the amount of packing that flours need. Fat absorption is improved when flours have a higher bulk density (Emojorho and Okonkwo, 2022).
The flours' water absorption capacities (WACs) varied from 1.95 to 2.14 g/g. The bambara groundnut flour had the highest value of 2.14 g/g WAC, which was greater than the 2.02 g/g reported for sorghum flour, while the wheat flour had the lowest value of 1.95 g/g WAC. These flours' abilities to absorb water provide a helpful indication of whether or not proteins can be added to watery food compositions, particularly those that involve handling dough. Properties including hydration, swelling power, solubility, and gelation are all impacted by how proteins interact with water (Emojorho and Okonkwo, 2022). The amount of water that seed flour can absorb is indicated by its water absorption capacity. Because hydration enhances the end products' handling qualities, flour with a high water absorption rate is appropriate for bakery goods.
Some meals including sausage, doughs, processed cheese, soups, and baked goods may be made with flours that have a high capacity to absorb water (Emojorho and Okonkwo, 2022). When creating ready-to-eat foods, water absorption capacity is crucial. Product cohesiveness may be ensured by a high absorption capacity (Emojorho and Okonkwo, 2022). 

Wheat flour had the lowest oil absorption capacity (1.30 g/g), whereas bambara groundnut flour had the greatest (1.85 g/g). The flours' oil absorption capacities ranged from 1.30 to 1.85 g/g. 1.55 was found in sorghum flour. There was a substantial difference (p < 0.05) between those numbers. The ability of wheat flour to absorb water and oil may have been impacted by its fiber content, which is insoluble in cold water (Emojorho and Okonkwo, 2022). Because it enhances mouthfeel and preserves food flavor, flour's ability to absorb oil is crucial (Emojorho and Okonkwo, 2022). Orange seed flours may be helpful in this regard, as the ability to absorb oil is beneficial in sausage and baked goods (Emojorho and Okonkwo, 2022). One measure of flour's propensity to capture oil is its oil absorption capacity (Emojorho and Okonkwo, 2022). Protein is the primary chemical factor influencing oil absorption ability; it contains both hydrophilic and hydrophobic amino acid residues. The ability of a protein to absorb oil increases with the amount of hydrophobic amino acid residue it contains (Emojorho and Akubor, 2016).
The indicator of gelation capability was the least gelation concentration (LGC), which is the lowest protein concentration at which gel remained in the inverted tube. The LGC of 5% for the wheat flour was comparable to 5% for the bambara groundnut flour. The highest LGC value, 10%, was found in sorghum flour. The protein ingredient's gelling ability improves with decreasing gelation concentration (Emojorho and Okonkwo, 2022). The proportion and structure of various dietary constituents, such as proteins, carbs, and lipids, as well as their interactions, are the primary determinants of flour gel formation (Emojorho and Okonkwo, 2022).
 Conclusion 
The findings of this study allow for the following deductions to be made: Up to 50% of the wheat flour in biscuits could be replaced with sorghum and bambara flour without adversely altering the biscuits' chemical makeup. In comparison to biscuits made with wheat flour, those made with sorghum and bambara flour had higher levels of protein, minerals, vitamins, and fiber. When making biscuits, 50% sorghum and bambara flour should be added to wheat flour. In addition to assessing the nutritional value of biscuits enhanced with sorghum and bambara flour flour, research should be done on how well these flours work in baked goods like bread, cakes, and other items. Customers should also be informed of the nutritional and health advantages of bambara flour and sorghum. To determine the ideal packaging suggested for the prepared samples, more investigation should be done.


Reference 
A.O.A.C. (2023). Official methods of analysis. Association of Official Analytical Chemists, Washington, D.C., USA.
Anene, M.N., Emojorho E.E., Chiedu ,U.C. and Anyaiwe, U.C (2023). Chemical functional physical and sensory properties of flour and idli produced from blends of rice (Oryza sativa), african yam bean (Sphenostylis sternocarpa) and pigeon pea (Cajanus cajan). Horticult Int J. 2023;7(4):149‒157. DOI: 10.15406/hij.2023.07.00289
Aniemena, C.C., Emojorho, E.E., Onuoha, L.N., Okoronkwo, C.N., Nwagbo, C.C.  and Ugswu, I.O .(2024) Quality Assessment of Cupcake  Produced from Wheat-Garri Flours Blends. Asian Journal of Advanced Research and Reports,Volume 18, Issue 7, Page 159-166. 
Awika, J. M., and L. W. Rooney. 2004. Sorghum phytochemicals and their potential impact on human health. Phytochemistry 65 (9):1199–221. doi: 10.1016/j.phytochem.2004.04.001.
Bolarinwa IF, Olaniyan SA, Adebayo LO, Ademola AA (2015) Malted Sorghum-Soy Composite Flour: Preparation, Chemical and Physico-Chemical Properties. J Food Process Technol 6: 467. doi:10.4172/2157-7110.1000467.
Coffmann, C. W. and Garciaj, V. (1977). Functional properties and amino acid content of a 	protein isolate from mung bean flour. International Journal of Food Science and 	Technology, 12:473 - 484.
Devi, M. P. and Narayanasamy, S. (2013). Extraction and dehydration of millet milk powder for formulation of extruded product. IOSR Journal of Environmental Science, Toxicology and Food Technology, 7(1): 63-70.
Emojorho, E. E. and Okonkwo, T.M. (2022). Effect of Debittering Methods on the Chemical and Physiochemical Properties of Defatted and Undefatted Sweet Orange Seed Flours. Fruits, 77 (6): 1-10
Emojorho, E. E. and Okonkwo, T.M. (2022). Effect of Debittering Methods on the Chemical and Physiochemical Properties of Defatted and Undefatted Sweet Orange Seed Flours. Fruits, 77 (6): 1-10
Emojorho, E. E., Okonkwo, T.M. and Eze, J.I. (2023). Chemical Physical Shelf-Life and Sensory Properties of Biscuits Produced From Defatted and Undefatted Debittered Orange Seed Flours. Fruits 78(1), art. 02 Fruits 78(1-10).
Emojorho, E. E., Udeh , C. C., Anene , M. N., Aphiar , A., Nwosu , A. N., & Ochimana , T. O. (2024b). Chemical and Functional Properties of Pasting Producing from Plantain, Mesquite Seed Flours and Rice Bran. Asian Journal of Research in Agriculture and Forestry, 10(2), 1–11. https://doi.org/10.9734/ajraf/2024/v10i2279
Emojorho, E.E., Udeh C. C., Okpalanma, F.E.,  Okoh, F.N.,  Onuoha, L.N.,   and Avbundiogba, E. (2024). Environmental Waste Management: Effect of Debittered-defatted Orange Seed Flour on the Proximate, Anti-nutritional and Sensory Properties sof Biscuit. Asian Journal of Research in Biochemistry, Volume 14, Issue 5, Page 34-42
Ihedinachi, O. A., Udeh, C. C., Emojorho, E. E., Amonyeze, A. O., Nwaorgu, S. I., & Aniemena, C. C. (2025). Evaluation of nutritional qualities of complementary food produce from malted rice, soybean and pumpkin pulp flour. Food Chemistry Advances, 6, 100863.
Ihedinachi, O. A., Udeh, C. C., Emojorho, E. E., Amonyeze, A. O., Nwaorgu, S. I., & Aniemena, C. C. (2025). Evaluation of nutritional qualities of complementary food produce from malted rice, soybean and pumpkin pulp flour. Food Chemistry Advances, 6, 100863.
Narayara, K. and Narasinga, R. M. (1989). Effect of partial hydrolysis on winged bean (Psophcocarustetragonolobus) flour. Journal of Food Science, 49:944 - 947.
Nwosu,A.N., Emojorho, E.E., Onuoha, L.N., Okpalanma, F.E., Eguvbe, M.P. and Ogbodogbo, E.O. (2024). Chemical and Functional Properties of Tortilla Produced from Rice Flour for Shawarma Production. South Asian Res J Eng Tech; Vol-6, Iss-4: 101-109.
Olaoye, O.A., Onilude, A.A. and Idowu, O.A. (2006) Quality Characteristics of Bread Produced from Composite Flours of Wheat, Plantain and Soybeans. African Journal of Biotechnology, 5, 1102-1106.
Pearson, D. (1991). Chemical and Analysis of Foods. 9thEdition. Livingstone London, Churchhill. pp. 33.
Sathe, S. K. and Salunkhe, D. K. (1981). Functional properties of the great Norhern bean 	(Phaseolus Vulgaris L).Proteins emulsions foaming viscosity and gelation   properties. Journal of Food Science, 46: 71 - 81. 
Gyan-Chand K, Morya V, Mishra HS, Shakya S, Raj B, Yadav KN. International Journal of Advanced Ayurveda, Yoga, Unani, Siddha and Homeopathy.2017;6(1):447-452.

Mal B, Padulosi S, Ravi SB. Minor millets in South Asia: learnings from IFAD-NUS Project in India and Nepal. Maccarese, Rome, Italy: Bioversity Intl and Chennai, India: M.S. Swaminathan Research Foundation. 2010;1–185.
Olaoye OA, Onilude AA, Idowu OA (2006) Quality characteristics of bread produced from composite flours of wheat, plantain and soybeans. African J Biotechnol11: 1102-1106.








image3.png




image4.png




image5.png




image6.png




image7.png




image8.png




image1.png




image2.png




