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PROXIMATE, PHYSICOCHEMICAL AND PHYTOCHEMICAL EVALUATION OF BISCUITS PRODUCED FROM MILLET AND SOYBEAN FLOUR


Abstract
Determining the proximate, physicochemical, and phytochemical characteristics of biscuits made with millet and soybean flour was the aim of the study.  Standard procedures were used to generate flour samples from various millet and soybean. These samples were then combined with wheat flour to make biscuits and tested for proximate, physicochemical, and phytochemical properties.  While 100% wheat flour was employed as a control for biscuit manufacture, millet and soybean flours were utilized to replace 25% and 50% of the wheat flour, respectively.  Protein ranged from 10.13 to 13.81 percent, and 3.73 to 3.99 percent, according to the proximate composition.  Fat (7.81 to 9.96%), crude fiber (2.40 to 2.61%), and ash (64.66% to 74.95%).  12.29 to 12.76 percent moisture content for carbohydrates.  The phytate, tannin and oxalate content of the biscuits samples ranged from 32.69 to 44.66 mg/100g, 11.24 to 20.13 mg/100g, and 0.15 to 3.86 mg/100g, in that order. The flour's physicochemical characteristics revealed an oil absorption capacity of 2.32 to 3.02 g/g and a water absorption capacity of 1.95 to 2.32 g/g. In biscuits, millet and soybean flour might be used in place of wheat flour without adversely impacting the bread's chemical composition. When compared to biscuits made with wheat flour, the bread's nutritious value was improved by using millet and soybean flour.	Comment by jeya131@gmail.com: Mention the name of the sample
	Comment by jeya131@gmail.com: 	Comment by jeya131@gmail.com: Protein content range verify?	Comment by jeya131@gmail.com: This value for moisture  or carbohydrate .  not clear
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Introduction
Millets are grains with tiny seeds that are members of the Poaceae (Graminaea) family (Zhu, 2014). They are cultivated under a range of challenging circumstances, primarily in the relatively dry, desert-like to sub-humid, susceptible to drought agro-ecosystem (Obilana and Manyaga 2002). They are on par with or better than certain widely consumed cereals, such as rice and wheat (Ragaee et al, 2006). While millets come in a variety of forms, the following are particularly noteworthy in this area: fonio (Digitaria exilis), finger millet (Eleusine coracana), and pearl millet (Pennisetum glaucum). Nigerian states of Borno, Yobe, Kano, Sokoto, and Jigawa grow significant amounts of this crop (Eke-Ejiofor and Oparaodu, 2019).
The legumeosae and papillionnideae subfamilies include the soybean (Glycine max). In addition to being a major source of edible oils and lipids, it provides an exceptional source of protein for both human and animal use (Alabi and Anuonye, 2007, Dukariya et al., 2020). Soybeans, the legume with the highest nutrient content and the one utilized to make the majority of dietary goods, are used as a significant component crop in many traditional farming systems across the globe (Sanful et al., 2010). It has a remarkable ability to nourish and prevent disease, and it includes vital phylochemicals. Soy is a healthy option for those with cardiovascular disease since it has virtually no sodium, a mineral that increases water retention in the tissues. Additionally, sorghum flour combined with wheat flour has been used to make biscuits.
Millets have roughly 4% fat and 8% protein. They are abundant in minerals and vitamins. Particularly high in calcium are millets. Additionally, millets have a comparatively high dietary carbohydrate content. In addition to having a higher percentage of non-starchy polysaccharides (dietary fiber), starch is the primary carbohydrate component. The majority of their proteins are made up of glutelins and prolamines. The lipids from millets provide necessary fatty acids and have a higher percentage of unsaturated fatty acids. Despite the fact that a significant amount of nutrients are contained in the seed coat, the nutrients found in the endosperm have a better bioavailability than those found in the seed coat. Millets also include antinutritional components including phytate and polyphenols, however they are primarily found in the seed coat, and milled millets are often free of these components.  Although Kutki (Panicium miliare) and Kodo millet (Paspalum serobicultum), two small millets, have unique qualities that, if used, may produce goods with better nutritional and technological qualities than the big grains, their use is restricted.  In many nations, biscuits are a ready-to-eat, affordable, and easy snack that is consumed by people of all ages.  Before Nigeria banned the importation of wheat, biscuits were composed entirely with wheat flour.  Nigeria's climate is not ideal for growing wheat, but it is ideal for growing tropical crops like grains, roots, and tubers.
In order to prevent malnutrition, cereal-based foods like biscuits must be developed as a suitable wheat substitute. Significant micronutrient deficiencies and a high rate of malnutrition plague the majority of developing nations, prompting multiple actions by key players to address the issues. To meet the population's nutritional demands, dietary diversity has frequently been promoted, utilizing grains and other nutrient-dense foods that are readily available or consumed. Therefore, the concept of creating nutrient-dense biscuits using sorghum and millet blends seems like a highly appealing way to address the noted nutritional issues. Due to the high expense of importing wheat, which has a detrimental impact on our economy, local agricultural products must be used in place of wheat flour. 
This study has the potential to solve the dual issues of economic hardship and malnutrition, which make it difficult to meet dietary demands and drive up the price of food items because of the importation of wheat. It will encourage the construction of facilities for the production of nutrient-dense biscuits, which could be easily used in nutrition intervention programs such as school feeding programs, community nutrition initiatives, emergency nutrition support, and the advancement of food security for households and vulnerable groups. Enhance the country's economy as well, as the study will encourage fewer imports of wheat and create more job opportunities by involving our young people in millet and soybean growing. Two extremely healthy yet underutilized crops in Nigeria are millet and soybean. Utilizing composite flours will help reduce the amount of wheat imported for the production of food items like biscuits, lessen reliance on wheat imports, preserve foreign exchange, and involve young people in economic activities (Emojorho et al. 2024).  Numerous underutilized seeds can be processed and combined with other plant-based foods to reduce malnutrition and provide higher-quality foods like biscuits.  Determining the chemical and physicochemical characteristics of biscuits made with millet flours and blends of soybean flour was the aim of the study.
Material and Methods
3.1 Source of raw materials
We bought wheat flour, soybeans, millet, and other commodities from Delta State's Ozoro market.	Comment by jeya131@gmail.com: Name of millet used for the study.

3.2 Production of Millet flour: Olapade et al. (2010)'s methodology was applied. Millets were cleaned by hand using clean water and local calabash. They were then decanted by sedimentation, drained, and dried for six hours at 50 degrees Celsius in a cabinet drier. Using a hammer mill (2014 hot model PC 120), the dry millets were ground into flour and sieved through 0.2 mm screen.	Comment by jeya131@gmail.com: Specify the millet
3.2.1 Soybean flour preparation 
For a full day, the soy bean seeds were submerged in water. The water was drained from the soaked beans by placing them in a sieve. In order to deactivate enzyme activity and facilitate decortication (testa removal), the beans were then blanched, or cooked, for 20 minutes. After then, the water was drained. After being dehulled, the beans were roasted for 30 minutes at 120°C and then sun-dried. A laboratory miller (Cyclotec 1093 Sample Mill, Tecator, Sweden) was used to grind the roasted beans into flour. A net with a mesh size of 75 µm was used to filter the flour.
Formulation of composite flour blends: The millet and soybean percentages in the mixes of wheat, millet, and soybean will be increased by 25% and 50%, respectively.  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 bread.
Preparation of biscuits from the flour blends
In a food blender running at full speed (120 rpm) for 10 minutes, the soybean and millet flours were utilized to replace 25 and 50% of the wheat flour. The biscuits were made using the techniques described by Emojorho et al. (2023). 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
Proximate Analysis: Identifying the biscuits' proximal composition: The AOAC (2023) method will be was used to determine the amount of protein, fat, moisture, and ash.
Evaluation of physicochemical properties
To ascertain the water and oil absorption capacities, the method outlined by Sathe and Salunkhe (1981) was applied. The least gelation concentration was found using a modified version of the Coffmann and Garcia (1977) approach.
Analysis of phytochemicals
The method outlined by Pearson (1979) was used to determine the phytotate content. The amount of oxalic acid in the sample was ascertained using the AOAC (2023) titration procedure. The Folin-Denis spectrophotometric method, as outlined by Pearson (1976), was used to identify tannin.
Experimental design: A split-plot design with complete randomization was used for 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 Blends of Soybean and Millet Flour
TABLE 1: Proximate of Biscuits from blends of soybean and millet flour 
	SAMPLE
	MOISTURE
	PROTEIN
	FAT
	FIBER
	ASH
	CHO	Comment by jeya131@gmail.com: Mention the unit %. Expand CHO- carbohydrate 

	

	W	Comment by jeya131@gmail.com: Sample code to be mentioned in the methodology
	4.67a±0.08
	13.79d±0.18
	7.81b±0.25
	0.80a±0.21
	3.73d±0.02
	69.52a±5.54

	WS1
	3.67d±0.25
	15.93cd±0.38
	8.13b±0.3
	1.55a±0.23
	3.81c±0.08
	67.31ab±0.12

	WS2
	3.13c±0.66
	18.01c±0.27
	9.42b±0.19
	2.00a±0.2
	3.99b±0.26
	64.05ab±0.83

	WM1
	3.00e±0.07
	12.74b±0.44
	8.95ab±0.27
	1.95a±0.4
	3.76d±0.06
	69.92b±0.17

	WM2
	2.92b±0.29
	10.13a±0.25
	9.56a±0.42
	2.33a±0.42
	3.82a±0.19
	71.03b±0.16


The values are the means ± SD of two measurements. A substantial difference (p<0.05) exists between values in the same section with different superscripts, but not between data in the same column with comparable superscripts. W is 100% wheat flour, WS1 is 75% wheat flour: 25% soybean flour, WS1 is 50% wheat flour: 50% soybean flour, WM1 is 75% wheat flour: 25% millet flour, and WM2 is 50% wheat flour: 50% millet flour,

The biscuits made with 100% wheat flour had the highest moisture content (4.67 %).  The supplemented biscuits had moisture values ranging from 2.92 to 3.67 percent. The values were partly lesser than 2.480 to 19.220% reported by Emojorho et al. (2025) for orange seed nd wheat flours.  As the amount of wheat flour in the enhanced biscuits decreased, the moisture content decreased.  The shelf life and, consequently, the quality of biscuits are improved by a lower moisture content (Emojorho et al., 2023).  Biscuits have a longer shelf life and are often less susceptible to microbial deterioration due to their lower moisture content than cakes and bread (Emojorho et al., 2023).  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 content will guarantee sufficient shelf life stability (Emojorho et al., 2023; Emojorho et al. 2024).	Comment by jeya131@gmail.com: Spell check
The biscuits' protein content varied between 10.13 and 18.01 percent. The values were less than values for cupcakes made with a blend of wheat and grarri flour (1.04 - 10.61 percent) reported by Aniemena et al. (2024). The biscuits made with 50% soybean flour had the highest protein amount (18.01 %), whereas the biscuits made with millet flour had the lowest protein content (10.13 – 12.74 %). The biscuits made entirely of wheat flour contained the least amount of protein. Significant (p<0.05) variations were seen in the biscuits' protein levels. "As the amount of millet and soybean flour increased, the protein content of all supplemented biscuits increased gradually." Given that soybean and millet flour had higher protein contents than wheat flour, this was most likely an added effect. According to Emojorho et al. (2023) and Emojorho et al. (2024), proteins are a broad set of substances that have significant structural and functional roles in biological systems.  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 7.81% to 9.56%. The millet composite flour values were marginally higher than the 2.81 to 5.41% reported by Nwosu et al. (2025). Compared to the supplemented biscuits, the biscuits made with 100% wheat flour (7.81%) had less fat. In comparison to biscuits supplemented with soybean flour (8.13 to 9.47%), biscuits supplemented with millet flour had greater fat contents, ranging from 8.95 to 9. 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 adds flavor and texture to baked goods and improves the mouthfeel and palatability of biscuits (Emojorho et al., 2023; Emojorho et al. 2024)
The biscuits' crude fiber content varied between 0.80 and 2.33 percent.  The values were within the range of 1.85 to 4.75 reported by Ihedinachi et al. (2025) for supplementary foods made from composite flours, but they were lower than the 3.68 to 9.37% reported by Emojorho et al., (2024b) for composite flours.   At 0.80 percent, the wheat flour biscuit had the least amount of crude fiber.  With 2.33% crude fiber, the 50% millet biscuit had the highest amount.  As the amount of millet and soybean flour in the biscuits grew, so did their crude fiber content.  Consuming a lot of dietary fiber lowers the risk of coronary heart disease, stroke, diabetes, hypertension, obesity, and several gastrointestinal diseases (Emojorho et al., 2024; Emojorho et al., 2023).
The amount of ash in the biscuits ranged from 3.73 to 3.99 percent. The proportion of ash in tortillas cooked using composite flour (2.43 to 2.85%) were lower as reported by Nwosu et al. (2024). The biscuit with the highest ash concentration (3.99%) was manufactured with 50% soybean flour, whereas the one with 100% wheat flour had the lowest ash content (3.73%). The amount of ash steadily increased as the amount of wheat flour in all enriched biscuits dropped. The biscuits' high ash content suggested that they contained a lot of minerals (Emojorho et al., 2023; Emojorho et al. 2024). This suggested that the mineral content of biscuits will be enhanced by the flours made from soybean and millet flour. 
The biscuits had a carbohydrate content ranging from 64.05% to 71.03%. These were higher than the 45.83 to 64.46 percent that Emojorho et al. (2024) reported for biscuits made with a combination of orange seed flour and wheat flour. At 64.05 percent, the biscuit made with 50% soybean flour obtained the lowest value. Since soybean flour had a lower carbohydrate content than wheat and sorghum flours, the supplemented samples' lower quantity of carbohydrates could be explained by the dillition effect. As the amount of wheat flour declined, 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).


The biscuits' fat percentages varied from 7.81% to 9.96%. The millet composite flour values were marginally higher than the 2.81 to 5.41% reported by Nwosu et al. (2025). Compared to the supplemented biscuits, the biscuits made with 100% wheat flour (7.81%) had less fat. In comparison to biscuits supplemented with soybean flour (8.13 to 9.47%), biscuits supplemented with millet flour had greater fat contents, ranging from 8.95 to 9. 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 adds flavor and texture to baked goods and improves the mouthfeel and palatability of biscuits (Emojorho et al., 2023; Emojorho et al. 2024).

Phytochemicals Properties of Biscuits from Blends of Soybean and Millet Flour 
Table 2: Phytochemical composition (mg/100g) of Biscuits from blends of Soybean and Millet Flour
	SAMPLE
	OXALATE
	
	TANNIN
	
	PHYTATE	Comment by jeya131@gmail.com: Mention the unit
	

	W
	20.81e±0.09
	0.03e±0.03
	53.29e±0.09

	WS1
	21.31d±0.12
	1.33d±0.05
	64.38d±0.08

	WS2
	23.03a±0.11
	3.08b±0.06
	69.65a±0.18

	WM1
	22.30c±0.04
	3.04bc±0.06
	66.82c±0.24

	WM2
	23.94b±0.21
	3.78a±0.01
	67.69b±0.24



For the biscuits samples, the corresponding phytate, tannin, and oxalate contents were 53.29 to 69.65 mg/100g, 0.03 to 3.78 mg/100g, and 20.81 to 23.94 mg/100g.  In the biscuits samples, phytate, tannin, and oxalate rose as the amount of soybean flour and millet flour  grew.  Emojorho and Okonkwo (2022) reported higher oxalate content of orange seed flours between 78.10 and 295.22 mg/100g. The tannin level of biscuits made with a wheat and orange seed composite flour were marginally lower than the 0.07 to 2.09 mg/100g reported by Emojorho et al. (2024).
PHYSICOCHEMICAL PROPERTIES OF FLOUR
Table 3: Physicochemical Properties of Flours 
	SAMPLE
	WAC (g/g)
	
	OAC (g/g)
	
	LGC (g)
	 

	W
	1.95c±0.3
	2.37a±0.04
	5a±0

	S
	2.32a±0.21
	2.21b±0.06
	5a±0

	M
	2.17b±0.23
	2.13c±0.05
	5a±0


W=wheat flour, S= soybean flour and M= millet flour
The flours' water absorption capacities (WACs) varied between 1.95 and 2.32 g/g.   The greatest figure was 2.32 g/g for soybean flour, the lowest was 1.95 g/g for wheat flour, and the highest was 2.17 g/g for millet flour.  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. Protein-water interactions are crucial for characteristics like gelation, solubility, swelling power, and hydration (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 cohesion may be ensured by a high absorption capacity (Emojorho and Okonkwo, 2022).
The flours' oil absorption capacities ranged from 2.13 to 2.37 g/g, with wheat flour having the highest value at 2.37 g/g and millet flour having the lowest at 2.13 g/g. These values were significantly (p < 0.05) different, and it's possible that the fiber content of wheat flour, which is insoluble almost in cold water, affected the flour's water and oil absorption capacities (Emojorho and Okonkwo, 2022). The oil absorption capacity of flour is important because it enhances the mouthfeel and preserves food flavor (Emojorho and Okonkwo, 2022; Emojorho and Akubor, 2016), and it is useful in sausage and bakery products (Emojorho and Okonkwo, 2022).
 One metric that shows how well flour absorbs oil is its oil absorption capacity.  Protein is the primary chemical factor influencing oil absorption ability; it contains both hydrophilic and hydrophobic amino acid residues.  Protein's ability to absorb oil increases with the amount of hydrophobic amino acid residue it contains (Emojorho and Okonkwo, 2022). 
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 g for the wheat flour was comparable to 5% for millet and soybean 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 
It is possible to infer the following conclusions based on the findings.  In biscuits, millet and soybean flour could be used in place of wheat flour without adversely impacting the bread's chemical composition.  When compared to bread made with wheat flour, the bread's nutritious value was improved by using millet and soybean flour.  For the creation of biscuits, soybean and millet composite flour should be added to wheat flour. Additionally, the effectiveness of soybean and millet flour in baked goods like bread, cakes, and other items should be studied.	Comment by jeya131@gmail.com: Biscuit?	Comment by jeya131@gmail.com: Include salient finding from the study with data
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