


Quality Evaluation of Cookies Produced from Wheat (Triticum aestivum), Sesame (Sesamum indium) and Soybeans (Glycine-max) composite flours


ABSTRACT
Cookies are widely consumed ready-to-eat bakery products, and the use of composite flours provides an opportunity to modify their nutritional and quality characteristics. This study evaluated cookies produced from wheat, sesame, and soybean composite flours formulated at wheat:sesame:soybean ratios of 100:0:0, 90:5:5, 85:10:5, and 80:10:10. The cookies were evaluated for proximate composition, vitamin and mineral contents, anti-nutritional factors, physical properties, and sensory attributes using the methods described in the study. Moisture, ash, fat, protein, fibre, and carbohydrate contents ranged from 7.17–9.32%, 0.78–3.45%, 17.83–22.06%, 8.63–17.74%, 2.67–4.05%, and 50.44–58.68%, respectively. Calcium, iron, and potassium contents ranged from 14.93–19.06 mg/L, 3.81–6.70 mg/L, and 367.00–614.90 mg/L, respectively. Tannin, phytate, and oxalate contents ranged from 140.63–234.38 mg/100 g, 115.20–187.20 mg/100 g, and 153.33–245.33 mg/100 g, respectively. Cookie thickness, diameter, and weight ranged from 6.29–7.35 cm, 10.10–11.26 cm, and 13.31–18.06 g, respectively. Sensory scores demonstrated differences among the formulations, with the 85:10:5 wheat–sesame–soybean formulation recording the highest overall acceptability score of 8.28. The findings indicate that incorporating sesame and soybean flours altered the nutritional, physical, and sensory characteristics of wheat-based cookies, with the effects varying according to the proportion of the composite flour ingredients.
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1.0 INTRODUCTION
Plant proteins play significant roles in human nutrition, particularly in developing countries where average protein intake is lower than the required amount. Many plant proteins, usually in the form of protein extracts or seed flours, have been investigated and tested in new products, such as low-cost fabricated foods that are nutritious, attractive, and acceptable to consumers, similar to conventional foods derived from meat, fish, and dairy products. Among such food products, cookies are common nutritional supplements. The word "cookie" originated from the Dutch word "Koekje," meaning "little cake." The sound of a cracker being eaten most likely led to the use of that name (Zydenbos et al., 2004). Cookies represent the largest category of snack items among bakery products and hold a vital position in the snack food industry because of their variety in taste, crispness, digestibility, and extended shelf life. They contain minimal moisture and are widely consumed as convenient and nutritious snacks. The primary components of cookies include flour, sugar, and fat, which influence the quality of the final product. The main ingredient, wheat flour, serves as the structural backbone of cookie dough (Denstadli et al., 2010). A wheat kernel consists of the wheat germ and the endosperm, which is primarily composed of starch and protein. During milling, the whole grain is refined to retain only the endosperm for white flour, while the bran and germ, which contain vital nutrients, are discarded.
Soybean, a self-pollinated crop, is one of the most important oil and protein sources worldwide. It contains 30–45% protein and is a good source of all indispensable amino acids (Serrem et al., 2011). The protein quality of soy-cereal mixtures is enhanced because soy protein is a rich source of lysine, an essential amino acid that is often limited in cereal proteins. Soybeans also contain 3% lecithin, which is rich in calcium, phosphorus, and vitamins A, B, C, and D (Tariqul Islam et al., 2007). Various soybean products are utilised in baking, including enzyme-active soy flour, full-fat flour, defatted soy flour, soy protein concentrates, soy protein isolates, soy fibre, soy lecithin, and lecithinated soy flour (Conforti & Davis, 2006).
Sesame seed belongs to the genus Sesamum within the family Pedaliaceae and is among the first oilseeds cultivated for edible oil production. Its production has increased in recent years. Nutritionally, it is rich in nutrients that are vital for maintaining optimal health. Sesame flour, which is light brown and edible, contains 27–32% protein and 10–12% oil.
Composite flours are particularly beneficial in developing countries because they reduce dependence on wheat flour imports and promote the utilisation of locally grown crops (Noorfarahzilah et al., 2014). The demand for confectionery products continues to rise, leading to an increased focus on alternative local flours (Noor Aziah & Komathi, 2009). Several developing nations have therefore implemented programmes to assess the feasibility of using alternative flours as substitutes for wheat flour (Abdelghafor et al., 2011). Supplementing wheat flour with low-cost staples such as cereals and pulses significantly improves the nutritional quality of wheat-based products (Sharma et al., 1999). With growing awareness of healthy eating and functional foods, multigrain and legume-enriched breads and pastries have become increasingly significant in the bakery industry and emerging markets (Dewettinck et al., 2008). The high protein content of soy-supplemented pastries is particularly relevant in developing countries such as Nigeria, where many individuals struggle to afford protein-rich foods because of high costs. There is a pressing need to develop innovative approaches to offer consumers improved formulations with substantial health benefits (Gómez et al., 2003). Recent studies further demonstrate the use of composite flours in cookie and biscuit development, including wheat-soybean formulations assessed for amino acid composition and consumer acceptability (Alagbe & Malomo, 2024) and wheat-cassava-kidney bean formulations evaluated for functional and chemical properties (Nwachukwu et al., 2026). Sesame enrichment of wheat cookies has also been evaluated for physicochemical and sensory characteristics (Naqvi et al., 2024). Related biscuit studies have examined wheat-based composite flours incorporating African yam bean and tigernut (Dada et al., 2023) and whole wheat with soy okara and tigernut residue (Agu et al., 2023). Within the context outlined above, limited attention has been given to cookie formulations combining wheat, sesame, and soybean flours while concurrently evaluating proximate composition, vitamins, minerals, anti-nutritional factors, physical properties, and sensory attributes. The broad objective of the study was to evaluate the quality of cookies produced from wheat, sesame, and soybean composite flour.
2.0 MATERIALS AND METHODS
2.1   Sources of Raw Materials
Wheat flour, soybeans, sesame seed, and the other ingredients used for cookie production were obtained from Wednesday Market, Dutsin-Ma, Katsina State, Nigeria. They were taken to the Food Science and Technology Laboratory for further analysis.
2.2.2	Production of Soybean Flour
The soybeans were processed into flour using the method of Okoye and Okaka (2009), as shown in Fig. 1.  
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Fig 1: Flow chart for the production of Soybean flour
Source: (Okoye & Okaka, 2009).
2.2.3	Production of Sesame Flour
Sesame seed flour was produced according to the method described by Giami and Isichei (1999), as shown in Fig. 2. 
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Fig 2: Flow Chart for production of sesame flour
Source: (Giami and Isichei, 1999)
2.2.4 Blend Formulation of Wheat, Sesame Flour and Soybean Flours
Four flour blends, each containing wheat, sesame, and soybean flours, were prepared by mixing the flours in the proportions of 90:5:5 (B), 85:10:5 (C), and 80:10:10 (D). The control sample was 100 % wheat flour (A). The four samples were packaged in black low-density polythylene bags and stored at room temperature until use for analyses and cookie production.
2.2.5	Production of Cookies
The method described by Ndife et al. (2014) was used for the production of cookies. The whole wheat flour was weighed according to the varying inclusions of 0, 5, 10, 15 and 20% soybean flour and sesame flour and was labelled A, B, C, D and E, respectively. Sample A served as the control. The dry components were first mixed together (composite flour, sugar, and baking powder), and the wet components were also mixed (eggs, butter, milk, and flavour). The wet components were added to the dry components and kneaded for about 12 minutes to form a consistent dough. The resulting dough was cut into uniform sizes and subjected to a series of moulding, shaping, and stamping steps. The stamped dough was baked in the oven for 45 minutes at 260. The product was allowed to cool and subsequently packaged with cellophane wrappers. All enriched cookies were stored at room temperature during the period of analytical investigation.
2.6   Determination of Proximate Composition of Composite Cookies 
The procedure of Onwuka (2018) was used to determine the proximate composition: moisture content, protein content, fat content, crude fibre content, and ash content. The carbohydrate content was determined by difference.
2.4.1   Determination of Moisture Content 
A measured weight of the sample was placed in a weighed moisture can. The can and its contents were dried in the oven at 105 for three hours in the first instance. It was then cooled in a desiccator and reweighed. The weight was recorded, and the sample was returned to the oven for further drying. Drying, cooling, and weighing were then continued repeatedly until a constant weight was obtained. The weight of moisture loss was determined by difference and expressed as a percentage.
Thus, %moisture = 	- - - - - - - -- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - (i)
Where,   W1 =   Weight of empty can
               W2 =   Weight of can before drying
               W3 =   Weight of can + Sample after drying to a constant weight
3.3.2   Determination of Fat Content
The fat content of the various samples was determined by the continuous solvent extraction method using a Soxhlet apparatus. Five grams (5 g) of each sample were carefully placed and wrapped in Whatman filter paper. The wrapped sample was then placed into a Soxhlet reflux flask containing two hundred millilitres (200ml) of petroleum ether, and the flux was then attached to the extractor. The solvent in the flask was heated using a heating mantle (electro-thermal heater), causing the petroleum ether to vaporise and condense into the reflux flask. This was achieved by running tap water connected to the extractor for at least 6 hours, after which the solvent was completely siphoned into the flask and reserved for crude fibre analysis. The solvent was recovered, and the extracting flask and its contents were dried to a constant weight in the oven at 60 for three minutes. After cooling in a desiccator, the flask was reweighed, and the weight of fat (oil) extracted was calculated as:
%Fat  =	- - - - - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - - (ii)
Where:   W1 -   Weight of empty extracting flask
               W2 -   Weight of flask and oil extract
3.3.3   Protein Content Determination
Total protein was determined using the Kjeldahl method based on reduced nitrogen content. Five grams of the sample were digested with 20 mL concentrated H₂SO₄ and a catalyst (1 g each of CuSO₄ and Na₂SO₄) until colourless. The digest was diluted to 100 mL, and 20 mL was distilled with 35 mL of 40% NaOH and then titrated against 0.1 N HCl using methyl red. A reagent blank was processed similarly, and the experiment was conducted in triplicate. The nitrogen content was calculated and multiplied by 6.25 to obtain the protein value.
%Nitrogen =	- - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - (iii)
Crude protein = % Nitrogen  6.25 
Where; N = Normality of the titrate (HCL = 0.1N) 
Vf = Total volume of the digest (100ml) 
 T = Titrate value of sample
 B = Blank titre value
Va = Aliquot volume distilled
3.3.4	 Determination of Crude Fibre Content
Five grams of each sample were boiled in 200 mL of 1.25% H₂SO₄ for 30 minutes under reflux and then filtered using muslin cloth. The residue was boiled in 20 mL of 1.25% NaOH for another 30 minutes under the same conditions. After washing with hot water, the sample was dried at 105°C for 3 hours, cooled in a desiccator, and weighed. It was then incinerated in a muffle furnace at 550°C for 2 hours until ashed, cooled, and reweighed. Each determination was conducted in triplicate.
The crude fibre (CF) content was calculated as:
%Crude Fibre =	- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (iv)
Where:    W1 = Weight of sample before incineration
                 W2 = Weight of sample after incineration
                 W3 = Weight of original sample
3.3.5 Determination of Total Ash Content
The furnace incineration gravimetric method was used to determine ash content. Five grams of each sample were placed in a weighed porcelain crucible and incinerated in a muffle furnace at 550°C for 3 hours until grey ash formed. The crucible was carefully removed, cooled in a desiccator, and reweighed. The ash content was calculated by difference, and the experiment was conducted in triplicate.
%Ash =      - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  (v)
Where;  W1  =  Weight of crucible +  Sample
               W2 = Weight of empty crucible
3.3.6	Carbohydrate Determination 
The percentage carbohydrate content was calculated by difference as nitrogen-free extract (NFE).
The NFE was given as:
%NFE = 100 - % (a+b+c+d+e) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  (vi)
Where a – e = %Crude Protein, %Crude Fibre, %Moisture, %Crude fat, and %Ash
3.4 Determination of Vitamin Contents
The procedure of Okwu and Nnamdi (2011) was used to determine the vitamin contents, ascorbic acid (vitamin C) and vitamin A.
3.4.1 Determination of Ascorbic Acid (Vitamin C)
The method relied on the reduction of 2,6-dichlorophenolindophenol by an acid solution of ascorbic acid. Two hundred grams of each sample were blended with 6% hydrogen peroxide to form a homogeneous slurry. Ten grams of the slurry were diluted to 100 mL with 3% metaphosphoric acid (0.003M EDTA) and then filtered using Whatman No. 3 filter paper. A 10 mL aliquot of the filtrate was titrated with standardised 2,6-dichlorophenolindophenol until a persistent faint pink endpoint (15 s) was observed. Ascorbic acid content was calculated accordingly.
  - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -    (vii)
Where: = mg ascorbic acid per 100g sample 
V = ml dye used for titration of aliquot of diluted sample 
        T = ascorbic acid equivalent of dye solution expressed as mg/ml of dye
        W = grams of sample in aliquot titrated 
3.4.2    Determination of Vitamin A 
Vitamin A determination followed the method of Okwu and Nnamdi (2011). Five grams (5 g) of each flour sample were dissolved in 30 mL of absolute alcohol, then mixed with 3 mL of 50% KOH and refluxed for 30 minutes. After rapid cooling, 30 mL of distilled water was added, and the mixture was transferred to a separation funnel. Three portions of 50 mL ether were used to extract vitamin A, while the lower aqueous layer was discarded. The extract was washed with 50 mL distilled water, evaporated to dryness, redissolved in 19 mL isopropyl alcohol, and its absorbance was measured at 325 nm. The vitamin A content was calculated using the relationship below:
Vitamin A = (lu/100g) =  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  (viii)
AU = absorbance of sample
AS = absorbance of standard 
W = weight of sample
C = concentration of vitamin
3.5	Determination of Mineral Content 
The most commonly used techniques for the qualitative and quantitative determination of minerals were applied according to the AOAC International (2010) method.
3.5.1 Determination of Calcium (Ca)
Mineral content was determined using the AOAC International (2012) method. Two grams of each oven-dried jam sample were ashed at 600°C in a muffle furnace. The ash was dissolved in 120 mL concentrated HNO₃ and 10 mL H₂O₂, heated at 90°C for 1 hour, cooled, and filtered using glass wool. The filtrate was diluted to 250 mL with deionised water. A 2 mL aliquot was further diluted to 250 mL. A 1000 mg/kg calcium stock solution was prepared and diluted to a 100 mg/kg working standard. Further dilutions (0.4, 1.0, 1.5, and 2.0 mg/kg) were made, and the samples were analysed using an atomic absorption spectrophotometer.
Determination of calcium (Ca)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (ix)
Where: 
CS = concentration of standard element 
At = absorbance of test element 
As = absorbance of the standard of the element 
3.5.2 Determination of Iron and Zinc 
The iron and zinc contents of the cookies were determined by the method described by Onwuka (2005). Three grammes (3 g) of sample were placed in a crucible and put in a muffle furnace at 550 0C for 6 hours, after which they were allowed to cool for 1 hour in the furnace before being transferred to the desiccator. One gramme (1 g) of ashed sample was weighed into a digestion flask, and 20 mL of the acid mixture (650 ml Conc.HNO3, 80 ml PCA and 20 mL Conc. H2SO4)was added. The digestion flask was heated until a clear digest was obtained. The digest was diluted with distilled water to the 500 mL mark. Ten millilitres of the diluted digest were injected into an atomic absorption spectrophotometer, and the absorbance was read at the maximum wavelength (ʎmax) of absorption of the respective element. Standard curves were plotted, from which the concentration of each mineral (iron and zinc) was extrapolated.
3.5.3 Determination of Sodium (Na) 
Five (5) ml of the sample was pipetted into a test tube in duplicate, after which five (5) ml of ammonium was also added. From this mixture, mass was extracted by consecutively adding 5ml portions of ditizone extraction solution 1 until ditizone became green after extraction. The time per extraction was noted, and after each addition of 5ml of ditizone extraction solution 1, the upper layer was transferred into another dry test tube. After extraction, the supernatant was separated from the residue. The supernatant was discarded, while the residue was allowed to settle and was centrifuged for 15 minutes. The absorbance was measured at 520nm against the blank.
The concentration of each element was calculated using the formula:
% C or % K or % Na = metre reading (MR)  slope  dilution factor - - - - - - - - - - - - - - - - (x) 
                                                              1000                                         

3.6 Determination of Anti-Nutritional Factors 
3.6.1 Determination of Phytic acid/ Phytate
Phytate was determined using the anion exchange method described by AOAC International (2012). Samples were accurately weighed (1.0 – 2.0 g) and transferred into 100 ml conical flasks. A total of 40 – 50 ml of H2SO4 (100g/ l)-HCl (1.2%) was added. The flasks were then capped and shaken vigorously for 2 hours on a rotator at ambient laboratory temperature. The supernatant was then filtered through qualitative filter paper no 4. A total of 10 mL of filtered extract was diluted to 30 ml with distilled water after mixing with 1 ml of 0.75 M NaOH and was then passed through an anion resin column (resin AG1-X4, 100 – 200 mesh, Bio-Rad Laboratory In column 0.8 x 10cm). The column was washed before use with 0.5 M NaCl solution and deionised water. After sample application, the column was washed with 15 ml of distilled water and 20 mL of 0.05 M NaCl solution to remove the inorganic phosphate. The retained phytic acid was then evaluated with 0.7 M NaCl. The post-column reagent was prepared as a 0.03 % FeCl3 solution containing 0.3 % sulphosalicyclic acid. A total of 4 ml of the reagent was added to 5 ml of collected eluate and centrifuged at 3000 rpm for 10 minutes. The absorbance of the supernatant was measured at 500 nm using a spectrophotometer (SECOMAM CE, France). A calibration curve for the colourimetric method was obtained using sodium phytate standards (P-8810 Sigma, USA).
3.6.2 	Determination of tannins									
The analysis of tannin content was performed according to the method described by AOAC International (2012), with some modifications. Three grams of the sample were extracted with distilled water in a 250ml volumetric flask for 4 hours at room temperature, and the sample was then filtered. Then, 25ml of the infusion was measured into a 1L conical flask, and 25ml of indigo solution and 750ml distilled water were added. An aqueous solution of KMnO4 (0.1N) was used for titration until the blue-coloured solution became green. A few drops were then added at a time until the solution became golden yellow. A standard solution of Indigo carmine was prepared as follows: Six grams of Indigo carmine were dissolved in 500ml of distilled water by heating; after cooling, 50ml of 97% H2SO4 was added, and the solution was diluted to 1L and filtered. The blank test was carried out by titrating the mixture of 25ml Indigo carmine solution and 750ml distilled water.
Calculation:
			    (V-V0) x 0.004157 x 250 x 100
Tannins content (%) = ---------------------------------------   - - - - - - - - - - - - - - - - - - - - - - - - - (xi)
				g x 25
Where V is the volume of 0.1N aqueous solution of KMnO4for the titration of the sample (ml); volume of 0.1N aqueous of KMnO4for the titration of the blank sample (ml): 004157 – tannins equivalent in 1ml of 0.1N aqueous solution of KMnO4: g – mass of the sample taken for the analysis; 250 – volume of the volumetric flask, ml; 100 – percent, %.
3.6.3	Determination of Saponins	
Ten grams of the sample were extracted with 100 ml of 20% aqueous ethanol and agitated for 30 minutes. The solution was filtered, and the residue was re-extracted with 300 ml of 20% aqueous ethanol. The combined extracts were concentrated to 40 ml under vacuum using a rotary evaporator. The extract was purified using diethyl ether in a separatory funnel until a colourless aqueous layer was obtained. The pH was adjusted to 4.5 with sodium chloride, and further extraction was carried out using butanol. The butanolic extract was washed with NaCl solution, evaporated to dryness, and the saponin was weighed and expressed as a percentage.		
Calculation:

                              Weight of saponin
% Saponin    =    _______________________    x         100% - - - - - - - - - - - - - - - - - - - - - (xii)
                              Weight of original sample
3.7	Determination of Physical Properties
3.7.1 	Weight
The weight of the cookies was determined according to the method of Ayo et al. (2007). The weight of the cookie samples was determined with the aid of a weighing balance immediately after cooling.
3.7.2 Diameter
The diameter (D) of the cookies was determined according to the AOAC International (2012) method. Four cookies were placed edge to edge, and their total diameter was measured with the aid of a ruler. The cookies were rotated through angles of 90° for duplicate readings. The experiment was repeated twice, and the average diameter was recorded in millimetres.
3.7.3 Thickness
The thickness of the cookies was measured using a digital vernier caliper (0.01 mm precision), as described by Ayo et al. (2007). The spread ratio was determined following Gomez et al. (1997) by measuring the height of stacked cookies and the total diameter of aligned cookies. It was calculated as the diameter-to-height ratio.
3.7.4 Breaking strength
The breaking strength was determined according to the method described by Okaka and Isieh (1990). Cookies of known thickness (0.4 cm) were placed centrally between two parallel metal bars (3cm apart), and weights were applied until the cookies snapped. The least weight that caused the cookies to break was regarded as the breaking strength of the cookies.
3.8	Sensory Evaluation
Sensory evaluation was conducted following Iwe (2002), using a 9-point hedonic scale to assess the cookies' colour, taste, aroma, crispness, appearance, and overall acceptability. A 25-member semi-trained panel, randomly selected from university staff and students, participated. Panellists evaluated coded samples and rated them from 1 (dislike extremely) to 9 (like extremely), with 5 as neutral. The reported sensory values are dimensionless scores on the nine-point hedonic scale.
3.9	Statistical Analysis
All data obtained in triplicate were subjected to analysis using Duncan's Multiple Range Test to compare differences at (P0.05).
[bookmark: _Toc86388]3.0 RESULTS AND DISCUSSION
[bookmark: _Toc490119224]3.1 Proximate Composition of Cookies Produced from Wheat, Sesame and Soya Beans Composite Flours
[bookmark: _Toc79266327]Table 1 shows the results of the proximate composition of cookies produced from wheat, sesame, and soybean composite flour. The moisture content of the cookie samples ranged from 7.17 % to 9.32 %. Cookies produced from 85 % wheat and 10 % sesame and soybeans had the lowest moisture content, while cookies produced from 100 % wheat flour had the highest moisture content. Cookies produced from 90 % wheat, 5 % sesame and soybeans and 5 % soya beans, and 80% wheat and 10 % sesame and soya beans had moisture contents of 8.39 % and 8.49 %, respectively. The moisture contents of the cookie samples were significantly different from one another at the 5 % probability level. The result is in agreement with the work of Adebowale et al. (2009), in which wheat flour was supplemented with 10 % sesame flour. However, the moisture content of any food is an index of its water activity and is used as a measure of stability and susceptibility to microbial contamination (Arise et al., 2015). The moisture-content result from this study indicates that the cookies would have good storage stability if properly packaged.
The ash content of the samples ranged from 0.78 to 3.45 %. Cookies produced from 85 % wheat flour, 10 % sesame flour, and 5 % soybean flour had the lowest ash content, while cookies produced from 80 % wheat flour, 10 % sesame flour, and 10 % soybean composite flour had the highest ash content. The results show that there were no significant differences (p≥0.05) between the samples. Cookies produced from 90 % wheat flour, 5 % sesame flour, and 5 % soybean flour and cookies produced from 85 % wheat flour, 10 % sesame flour, and 5 % soybean flour had 3.45 and 0.78 %, respectively, but were significantly different (p<0.05) from samples containing 100 % wheat flour and 80 % wheat flour, 10 % sesame flour, and 10 % soybean
flour. The ash content of a food reflects its total mineral content; the higher the ash content of a food, the higher the mineral content (Sonkamble & Kamble, 2015; Afify et al., 2018).
The fat content of the samples ranged from 17.83 to 22.06 %. Cookies produced from 85 % wheat flour, 10 % sesame flour, and 5 % soybean composite had the lowest fat content, while cookies produced from 80 % wheat flour, 10 % sesame flour, and 10 % soybean composite flour had the highest fat content. Cookies produced from 90 % wheat flour, 5 % sesame flour, and 5 % soybean composite flour and cookies produced from 80 % wheat flour, 10 % sesame flour, and 10 % soybean composite flour had 20.21 and 19.05, respectively. It also shows that the sample containing 85 % wheat flour, 10 % sesame flour, and 5 % soybean flour had a higher fat content than the other samples. The statistical evaluation shows that there were no significant differences (p<0.05) between the samples.
The protein content of the samples ranged from 8.63 to 17.74 %. Cookies produced from 85 % wheat flour, 10 % sesame flour, and 5 % soybean flour had the lowest protein content, while cookies produced from 80 % wheat flour, 10 % sesame flour, and 10 % soybean composite flour had the highest protein content. Cookies produced from 100 % wheat flour and cookies produced from 85 % wheat flour, 10 % sesame flour, and 5 % soybean flour had 10.47 and 13.19 %, respectively. The protein content increased with an increase in the addition of the composite flour. Cookies produced from 100 % wheat flour and cookies produced from 90 % wheat flour, 5 % sesame flour, and 5 % soybean composite flour had 10.47 % and 13.19, respectively. The results show a significant difference at (p<0.05).
The fibre content of the products ranged from 2.67 to 4.05%. Cookies produced from 80 % wheat flour, 10 % sesame flour, and 10 % soybean composite flour had the lowest fibre content, while cookies produced from 100 % wheat flour had the highest fibre content. Cookies produced from 90 % wheat flour, 5 % sesame flour, and 5 % soybean composite flour and cookies produced from 80 % wheat flour, 10 % sesame flour, and 10 % soybean composite flour had 3.32 and 2.92 %, respectively. The results show that the fibre content decreased with an increase in the addition of the composite flour. Statistically, there were no significant differences at (p<0.05) among the samples.
The carbohydrate content of the products ranged from 50.44 to 58.68 %. Cookies produced from 100 % wheat flour and cookies produced from 90 % wheat flour, 5 % sesame flour, and 5 % soybean composite flour had 57.16 and 51.91 %, respectively. The results showed that there were no significant differences (p≥0.05) among the samples.
Table 1: Proximate Results produced from wheat sesame and soya beans flours
	Sample
	Moisture (%)
	Ash 
(%)
	Fat
 (%)
	Protein (%)
	Fibre 
(%)
	Carbohydrate (%)
	Energy (KJ/100g)

	A
	9.32b±0.39
	1.16a±0.07
	17.83a±0.55
	10.47ab±1.85
	4.05a±0.25
	57.16bc±1.83
	431.06a±5.09

	B
	7.91a±0.19
	3.45c±0.31
	20.21bc±0.14
	13.19b±1.08
	3.32a±0.64
	51.91ab±1.97
	442.31b±2.31

	C
	7.17a±0.22
	0.78a±0.19
	22.06c±0.70
	8.63a±0.53
	2.67a±0.46
	58.68c±0.27
	467.85c±5.26

	D
	7.33a±0.30
	2.50b±0.41
	19.05ab±1.00
	17.74c±0.97
	2.92a±0.70
	50.44a±3.40
	444.19b±0.66


Values are means ± standard deviation of duplicate determination; Means with different superscript in the same column are significantly different at (p<0.05).
Keys:
A=100 % wheat flour (Control), 90 % wheat flour 5 % sesame flour and 5 % soybean flour (B),
85 % wheat flour 10 % sesame flour and 5 % soybean flour (C) and  80 % wheat flour 10 % sesame flour and 10 % soybean flour (D)
3.2 Mineral Analysis of Cookies Produced from Wheat, Sesame and Soybeans Composite Flours
The mineral composition of cookies produced from wheat, sesame, and soybean composite flours is presented in Table 2. Calcium in the cookie samples ranged from 19.06 mg/L to 15.9 mg/L. Cookies produced from 90% wheat and 5 % sesame and soybeans had the lowest calcium content, while cookies produced from 85 % wheat, 10 % sesame and soybeans, and 5 % soybean powder had the highest calcium content. Cookies produced from 80 % wheat flour, 10% wheat, 10 % sesame and soybeans, and 5 % soybean powder had 23.54 mg/L and 24.10 mg/L calcium. The calcium contents of the cookie samples were significantly different from one another at the 5 % probability level. Iron in the cookie samples ranged from 4.38 mg/L to 6.7 mg/L. Cookies produced from 100 % wheat flour had the lowest iron content, while cookies produced from 80 % wheat, 10 % sesame and soybeans, and 10 % soybean powder had the highest iron content. Cookies produced from 85 % wheat, 10 % sesame and soybeans, and 5 % soybean powder had 4.08 mg/L, while cookies produced from 90% wheat and 10 % sesame and soybeans had 4.38 mg/L iron. The iron contents of the cookie samples were significantly different from one another at the 5 % probability level. Sodium in the cookie samples ranged from 395.7 mg/L to 573.1 mg/L. Cookies produced from 85 % wheat, 10 % sesame and soybeans, and 5 % soybean powder had the lowest sodium content, while cookies produced from 80 % wheat, 10 % sesame and soybeans, and 10 % soybean powder had the highest sodium content. Cookies produced from 100 % wheat flour and 90 % wheat and 10 % sesame and soybeans had 571.8 mg/L and 348.7 mg/L sodium, respectively. The sodium contents of the cookie samples were significantly different from one another at the 5 % probability level.





Table 2 Mineral composition of cookies produced from wheat sesame and soya beans flours
	Sample
	Calcium
(mg/L)
	Iron
(mg/L)
	Potassium
(mg/L)
	Sodium
(mg/L)
	Zinc
(mg/L)

	A
	19.06±0.03
	4.38±0.01
	367.00±5.74
	395.7±3.12
	3.14±0.02

	B
	14.93±0.03
	5.92±0.02
	586.72±4.34
	496.8±1.22
	6.27±0.00

	C
	16.19±0.06
	3.81±0.01
	414.30±3.16
	251.4±0.21
	3.67±0.01

	D
	15.9±0.03
	6.7±0.03
	614.90±0.36
	573.1±3.99
	7.15±0.00


Values are means ± standard deviation of duplicate determination; Means with different superscript in the same column are significantly different at (p<0.05).
Keys:
A=100 % wheat flour (Control), 90 % wheat flour 5 % sesame flour and 5 % soybean flour (B),
85 % wheat flour 10 % sesame flour and 5 % soybean flour (C) and  80 % wheat flour 10 % sesame flour and 10 % soybean flour (D)
3.3   Vitamin Analysis of Cookies Produced from Wheat, Sesame and Soybeans Composite Flours
The vitamin composition of wheat, sesame, soybeans, and soya bean cookies is presented in Table 3. Vitamin A in the cookie samples ranged from 126.88 μg/100g to 124.7μg/100g. Cookies produced from 90 % wheat, 5 % sesame, and 5 % soybeans had the lowest vitamin A content, while cookies produced from 85 % wheat, 10 % sesame and soybeans, and 5 % soybeans had the highest vitamin A content. Cookies produced from 100 % wheat flour had 124.17μg/100g vitamin A, while cookies produced from 80% wheat, 10 % sesame and soybeans, and 10 % soybeans had 39.11 μg/100g vitamin A. The vitamin A contents of the cookie samples were significantly different from one another at the 5 % probability level. Vitamin B in the cookie samples ranged from 52.22 μg/100g to 58.72 μg/100g. Cookies produced from 90 % wheat, 5 % sesame, and 5 % soybeans had the lowest vitamin B content, while cookies produced from 85 % wheat, 10 % sesame and soybeans, and 5 % soybeans had the highest vitamin B content. Cookies produced from 100 % wheat flour and 80% wheat, 10 % sesame and soybeans, and 10 % soybeans had 24.04 μg/100g and 56.67 μg/100g vitamin. Vitamin C in the samples ranged from 21.336 μg/100g to 23.368 μg/100g. Cookies produced from 90 % wheat and 10 % sesame and soybeans had the lowest vitamin C content, while cookies produced from 85 % wheat, 10 % sesame and soybeans, and 5 % soybeans had the highest vitamin C content. Cookies produced from 100 % wheat flour had 3.76 μg/100g vitamin C, while cookies produced from 80% wheat, 10 % sesame and soybeans, and 10 % soybeans had 11.86 μg/100g vitamin C. The vitamin C contents of the cookie samples were significantly different from one another at the 5 % probability level.






Table 3 Vitamin Result Produced from Wheat sesame and soy Beans Flours
	Sample
	Vitamin A
(µg/100 g)
	Vitamin B
(mg/100 g)
	Vitamin C
(µg/100 g)
	Vitamin E
(µg/100 g)

	A
	124.17
	53.34
	21.336
	96.68

	B
	123.61
	52.22
	20.888
	94.44

	C
	126.88
	58.76
	23.504
	107.52

	D
	126.71
	58.42
	23.368
	106.84


Values are means ± standard deviation of duplicate determination; Means with different superscript in the same column are significantly different at (p<0.05).
Keys:
A=100 % wheat flour (Control), 90 % wheat flour 5 % sesame flour and 5 % soybean flour (B),
85 % wheat flour 10 % sesame flour and 5 % soybean flour (C) and  80 % wheat flour 10 % sesame flour and 10 % soybean flour (D)
Vitamin B contents of the cookie samples were significantly different from one another at the 5 % probability level.
3.4 Anti-Nutrient Analysis of Cookies Produced from Wheat, Sesame and Soybeans Composite Flours
The anti-nutritional contents of the wheat, sesame, and soybean cookies are presented in Table 4.
Tannin contents of the cookie samples ranged from 140.63 mg/100g to 234.68 mg/100g. Cookies produced from 90 % wheat, 5 % sesame and soybeans, and 5 % soybeans had the lowest tannin content, while cookies produced from 85 % wheat, 10 % sesame and soybeans, and 5 % soybeans had the highest tannin content. Cookies produced from 100 % wheat flour had 261.50 mg/100g tannin, while cookies produced from 90% wheat, 10 % sesame, and soya beans had 267.00 mg/100g tannin. The tannin contents of the cookie samples were significantly different from one another at the 5 % probability level. Humans consume a number of foods containing considerable amounts of dietary tannins. Tannins are found in a wide variety of plants, including legume seeds, cider, cereals, cacao, peas, some leafy and green vegetables, coffee, tea, and nuts (Lochab et al., 2014; Suvanto et al., 2017; Fraga-Corral et al., 2021). Phytate in the cookie samples ranged from 115.20 mg/100g to 187.20 mg/100g. Cookies produced from 90% wheat, 5 % sesame and soybeans, and 5 % soybeans had the lowest phytate content, while cookies produced from 85 % wheat, 10 % sesame and soybeans, and 5 % soybeans had the highest phytate content. Cookies produced from 100 % wheat flour, 90 % wheat, and soybeans had 187.50 mg/100g and 190.50 mg/100g phytate. The phytate contents of the cookie samples were significantly different from one another at the 5 % probability level. Oxalate in the cookie samples ranged from 153.33 mg/100g to 245.33 mg/100g. Cookies produced from 85 % wheat, 10 % sesame and soybeans, and 5 %soybeans had the lowest oxalate content, while the cookies were produced from 80 % wheat, 10 % sesame, and 10 % soya beans. The alkaloid content of the cookies ranged from 40.92 to 66.69 for samples containing 90 % wheat, 5 % sesame, and 5 % soya bean flour. The results show that the sample containing 85 % wheat, 10 % sesame, and 5 % soya beans had the highest alkaloid content, followed closely by the sample containing 80 % wheat, 10 % sesame, and 10 % soya bean flour, then the sample containing 100 % wheat, and finally the sample containing 90 % wheat, 5 % sesame, and 5 % soya beans, which had the lowest alkaloid content.
Table 4: Anti-Nutrients Contents ofcookies produced from Wheat Sesame and Soybeans Flours
	Samples
	Tannin 
(mg/100g)
	Phytate 
(mg/100g)
	Oxalate 
(mg/100g)
	Alkaloids

	A
	218.75
	172.80
	230.00
	62.16

	B
	140.63
	115.20
	153.33
	40.92

	C
	234.38
	187.20
	245.33
	66.69

	D
	221.88
	177.60
	235.11
	63.46


Values are means ± standard deviation of duplicate determination; Means with different superscript in the same column are significantly different at (p<0.05).
Keys:
A=100 % wheat flour (Control), 90 % wheat flour 5 % sesame flour and 5 % soybean flour (B),
[bookmark: _Hlk147373004]85 % wheat flour 10 % sesame flour and 5 % soybean flour (C) and  80 % wheat flour 10 % sesame flour and 10 % soybean flour (D)
3.5 Physical Characteristics of Cookies Produced from Wheat, Sesame and Soybeans Composite Flours
The physical characteristics of wheat, sesame, and soybean composite-flour cookies are presented in Table 5. The thickness of the cookie samples ranged from 13.31 cm to 18.06 cm. Cookies produced from 85 % wheat, 10 % sesame, and 5 % soybeans had the lowest thickness, while cookies produced from 85 % wheat, 10 % sesame, and 5 % soybeans had the highest thickness. Cookies produced from 100 % wheat flour had a thickness of 6.29 cm, while cookies produced from 80% wheat, 10 % sesame and soybeans, and 10 % soybeans had a thickness of 7.35 cm. The thicknesses of the cookie samples were significantly different from one another at the 5 % probability level. The diameters of the cookie samples ranged from 10.10 cm to 11.26 cm. Cookies produced from 90% wheat, 5% sesame, and 5% soybeans had the lowest diameter, while cookies produced from 100% wheat had the highest diameter. Cookies produced from 90 % wheat and 10 % sesame composite flour and 80 % wheat, 10 % sesame, and 10 % soybeans had diameters of 2.57 cm and 2.47 cm. The diameters of the cookie samples were significantly different from one another at the 5 % probability level. The weights of the cookie samples ranged from 13.31 g to 18.06 g. Cookies produced from 85 % wheat, 10 % sesame, and 5 %soybeans had the lowest weight, while cookies produced from 100% wheat flour had the highest weight. Cookies produced from 90 % wheat and 10 % sesame and soybeans had 3.15 g, while cookies produced from 80 % wheat, 10 % sesame and soybeans, and 10 % soybeans had 3.15 g. The weights of the cookie samples were significantly different from one another at the 5 % probability level.
The spread-ratio results show that the sample containing 85 % wheat, 10 % sesame, and 5 % soya beans, with a value of 1.31, had the lowest value, while the sample containing 80 % wheat, 10 % sesame, and 10 % soya beans, with a value of 1.69, had the highest value. The results further show that there was no significant difference between the sample containing 90 % wheat flour, 5 % sesame, and 5 % soya beans and the sample containing 85 % wheat, 10 % sesame, and 5 % soya beans; however, there was a significant difference from the 100 % wheat sample and the sample containing 80 % wheat, 10 % sesame, and 10 % soya beans, which were also significantly different from each other.

Table 5 Physical Properties Results produced from wheat sesame and soya beans flours
	Samples
	Thickness 
(cm)
	Diameter 
(cm)
	Weight
 (g)
	spread ratio

	A
	6.36a±0.24
	10.53b±0.05
	15.64b±0.76
	1.50b±0.14

	B
	7.26b±0.05
	10.10a±0.21
	 13.85a±1.09
	1.34a±0.07

	C
	6.29a±0.21
	10.68b±0.39
	13.31a±0.58
	1.31a±0.11

	D
	7.35b±0.41
	11.26c±0.24
	18.06c±0.25
	1.69c±0.14


Values are means ± standard deviation of duplicate determination; Means with different superscript in the same column are significantly different at (p<0.05).
Keys:
A=100 % wheat flour (Control), 90 % wheat flour 5 % sesame flour and 5 % soybean flour (B),
85 % wheat flour 10 % sesame flour and 5 % soybean flour (C) and  80 % wheat flour 10 % sesame flour and 10 % soybean flour (D)
3.6 Sensory Evaluation of Cookies Produced from Wheat, Sesame and Soya Beans Composite Flours
Crispness scores were 7.64, 7.64, 7.72, and 7.04 for samples A, B, C, and D, respectively (Table 6). Sample C recorded the highest mean crispness score, whereas sample D recorded the lowest.
Table 6. Sensory evaluation scores of cookies produced from wheat, sesame and soybean composite flours (nine-point hedonic scale)
	Samples
	Colour
	Taste
	Aroma
	Crispness
	Appearance
	Acceptability

	A
	7.68ab±0.80
	7.36b±0.95
	7.00a±0.82
	7.64b±0.91
	7.88b±0.88
	7.80ab±0.81

	B
	7.24a±0.78
	6.64a±1.55
	6.72a±1.37
	7.64b±0.91
	7.16a±0.89
	7.24a±1.05

	C
	7.96b±1.31
	7.84b±1.07
	7.72b±1.31
	7.72b±1.28
	8.28b±0.84
	8.28b±0.94

	D
	7.46ab±0.86
	7.28ab±1.17
	6.72a±1.24
	7.04a±0.89
	7.32a±1.18
	7.36a±1.04


Scores are unitless ratings on a nine-point hedonic scale (1 = dislike extremely, 5 = neutral, and 9 = like extremely). Values are presented as mean ± standard deviation; different superscript letters within the same column indicate significant differences (p < 0.05).
Keys:
A=100 % wheat flour (Control), 90 % wheat flour 5 % sesame flour and 5 % soybean flour (B),
85 % wheat flour 10 % sesame flour and 5 % soybean flour (C) and  80 % wheat flour 10 % sesame flour and 10 % soybean flour (D)
Table 6 shows that colour scores ranged from 7.24 (sample B) to 7.96 (sample C), taste scores from 6.64 (sample B) to 7.84 (sample C), aroma scores from 6.72 (samples B and D) to 7.72 (sample C), and appearance scores from 7.16 (sample B) to 8.28 (sample C). Overall acceptability scores ranged from 7.24 (sample B) to 8.28 (sample C). Sample C, containing 85% wheat flour, 10% sesame flour, and 5% soybean flour, therefore had the highest mean overall acceptability score.
4.0 Conclusion and Recommendation
[bookmark: _Hlk232854992][bookmark: _Hlk238909442][bookmark: _Hlk237857116]This study demonstrated that partial substitution of wheat flour with sesame and soybean flours influenced the proximate composition, mineral content, anti-nutritional factors, physical properties, and sensory characteristics of the resulting cookies. The effects were dependent on the proportions of wheat, sesame, and soybean flours used in each formulation. Among the composite-flour samples, variations were observed in protein, fat, fibre, carbohydrate, mineral, and anti-nutritional contents, indicating that formulation had an appreciable influence on the nutritional characteristics of the cookies. Physical properties, including thickness, diameter, weight, and spread ratio, also varied among the formulations. Sensory evaluation showed that all formulations received generally favourable scores, although their acceptability differed across the evaluated attributes. Based on the tabulated sensory results, the formulation containing 85% wheat flour, 10% sesame flour, and 5% soybean flour recorded the highest overall acceptability score. Thus, sesame and soybean flours can be incorporated into wheat-based cookie formulations, although the appropriate substitution level should be selected by considering nutritional composition, physical characteristics, and sensory acceptance together.
Limitations
The study evaluated four wheat–sesame–soybean flour formulations under the specified processing and analytical conditions. Consequently, the findings are limited to the ingredient proportions and cookie-production conditions investigated. Although proximate composition, selected vitamins and minerals, anti-nutritional factors, physical characteristics, and sensory attributes were assessed, the study did not evaluate changes in these characteristics during extended storage. Further evaluation across additional formulation levels and storage periods would provide a broader basis for assessing product quality and stability.
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