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Abstract
Quality and acceptability of cookies produced from wheat, sprouted soybean and carrot flour blends were evaluated. Wheat flour was enriched with sprouted soybean and carrot flour to produce cookies with varying amount of sprouted soybean and carrot (100:0:0, 80:10:10, 70:20:10, 60:30:10 and 50:40:10). The Functional, proximate, mineral and antinutrients compositions of the cookies were evaluated according to standard procedures. The functional properties of the flours ranged thus; oil absorption capacity  (0.60-1.90%), BD (0.67-0.87%), Water absorption capacity (1.47-6.13%) and Reconstitution index (14.66-23.66%).The proximate parameters; crude protein, fat, crude fibre, ash, moisture content, and energy values of the cookies ranged from 13.78 to 19.86 %, 7.22 to 7.52 %, 2.53 to 2.57 %, 8.43 to 8.94 %, 8.02% to 8.64%, and 363.82 to 366.70 %, respectively increased while carbohydrate significantly decreased from  61.58-54.50%. The mineral composition ranged thus; Magnesium (34.55-121.36mg/100g), potassium (328.14-616.34mg/100g), Calcium (217.35-446.36 mg/100g) and iron (4.25-12.86mg/100g). The antinutritional content of the cookies ranged thus; trypsin inhibitors (0.002-0.006%), tannins (0.011-0.018%) and phytates (0.001-0.008%). 
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INTRODUCTION 
Snacks are a major portion of human nutrition in most countries around the world due to its increasing consumption pattern.  Cookies, sometimes referred to as "biscuits," are chemically leavened products that are baked in an oven for a brief amount of time. Cookies are ideal for nutrients availability, inexpensiveness, palatability, compactness and convenience. They differ from other baked products like bread, cakes etc because of their low moisture content and are comparatively free from microbial spoilage and have a long shelf lifeThey are ready to eat, convenient and inexpensive or less expensive food products, containing digestive and dietary principles of vital importance (Lalmuanpuia et al., 2017). Most snacks are prepared basically from cereal flours which are nutritionally inadequate.
The increasing demand for healthy foods and foods that can provide quick and affordable sources of nutrients by consumers has led the food industry to resort to the development and production of “convenient products”. There is the need to complement the nutrient content of these snacks by varying the food sources (Ndife et al., 2020). Wheat has been used in most cases solely to produce cookies and other pastry products. However, there have been recent strides in the incorporation of other flours from legumes, tubers, vegetables or fruits in what the food processing industry terms composite flour technology. In recent years, government has through intensive collaboration with research institutes encouraged the use of composite flours in the production of cookies and related food products (Ukeyima et al., 2019). For this reason, most developing countries are interested in the possibility of replacing the wheat needed for making baked goods, wholly or partly with flour obtained from home grown products.
Protein-energy malnutrition (PEM) is a major dietary problem facing the world today, particularly in the underdeveloped and developing countries (Vandana et al., 2012). Wheat, presently    the    major    ingredient    in    baking industries  in  Nigeria,  is  deficient  in  vitamin  A  but is  a  good  source  of  protein,  fibre,  carbohydrate and   energy.    However,    these    nutrients   are concentrated in the wheat bran which is removed during   milling   and   processing   into   flour   (Farzana  et al., 2019). Hence  the  resultant  wheat  flour  and  its  products become    deficient    in    these    nutrients    and consumers  of  such  products  are  faced  with  the problems of protein-energy malnutrition. The FAO and the UN has for some times now stressed on the need to develop means to use local resources which are less expensive in food production.
Soybean (Glycine max) is widely grown for its edible bean which contains significant amounts of protein that may vary between 33% and 50% depending on variety and processing conditions (Oyeyinka et al., 2020). Besides, the grains are also an excellent source of phytochemicals such as phytic acid, alpha-linolenic acid, and the isoflavones-genistein and daidzein (Rizzo et al., 2018; Basson et al., 2021). Soybean also has essential minerals such as calcium, phosphorous and vitamins A, B, C (Igyor, et al., 2011).  Soybean has been used in various food products to mitigate the shortage of protein supplies (Innocent et al., 2019, Zhao et al.,2020), because they represent a cheap source of proteins that could be potentially used for enriching staples  in developing countries (Oyeyinka et al., 2020).
Natural and low-cost processing methods such as sprouting present some potentials for use in increasing the nutritive value and health qualities of foods (Aparicio-García et al., 2021). The sprouts are outstanding sources of protein, vitamins and minerals and they contain health-maintaining important nutrients like glucosinolates, etc.
Besides the use of legumes, other available plant materials like carrot (Daucus carota L.) with significant amounts of carotenoids, flavonoids, polyacetylenes, vitamins, and minerals can be used in improving the nutritional quality of cereal based foods (Chepkosgei et al., 2021, Adebanjo et al., 2020). Carotenoids from carrots and other plant foods have beneficial effects on the eyes, and the presence of polyphenols and vitamins in carrots confer on them anticarcinogenic and antioxidant properties (Dias, 2012) including antidiabetic, anticholesterolemic and antihypertensive activities (Coyne et al., 2005). 
The over dependence and high cost of wheat flour in the production of bakery products tends to drain the foreign exchange of countries that do not cultivate wheat thus, production of cookies from composite flour of wheat, sprouted soy flour and carrot powder will help to reduce excess importation of wheat flour.
Therefore the aim of this study is to produce and evaluate the quality of cookies from wheat, sprouted soybean flour and carrot flour blends.
[bookmark: _Toc200636628]2.0 MATERIALS AND METHODS
[bookmark: _Toc176681656][bookmark: _Toc200636629]2.1 Sourcing of raw materials and sample preparation
Wheat flour, Carrots, Sugar, Salt, Margarine, Baking powder, Eggs, Milk and Vegetable oil and Vanilla flavor were purchased from Modern Market Makurdi. Soya beans was procured from  Akperan Orshi polytechnic Yandev in Gboko, Benue State.
2.2 Preparation of sprouted soybean Flour
Sprouted soybean flour was produced using the method of Eke et al. (2019) as shown in Figure 1. Soybean seeds (2000 g) were sorted, cleaned, washed and soaked overnight in a stainless steel bucket containing clean tap water. The soybeans was spread on a clean jute bag and covered to screen from direct sunlight. Water was sprinkled twice a day at the intervals of 9 h. The seeds were allowed to sprout for 72 h at room temperature and cabinet-dried at 60 oC for 24 h, devegetated by hand rubbing, winnowed and milled into flour using hammer mill. The flour was sieved with the aid of a 0.5 mm sieve to obtain a uniform particle size which was  packaged in polyethylene bag and stored at 4-6 oC.
2.3 Preparation of carrot Flour
The carrot was prepared into carrot flour using the method described by Ukeyima et al.,(2019). The carrot fruit was properly washed, scraped and sliced for easy drying. Water of about 70 0C, containing 0.1% sodium metabisulphite was used for blanching for about 2 minutes. This was to prevent browning and discoloration. The sulphited carrot was immediately cooled by exposing it to air and dried in a cabinet drier at 60 oC for 48 h. The dried carrot was milled into fine powder, sieved and stored.
2.4 production of cookies
The cookies were prepared from different blends of refined wheat flour, sprouted soybean flour and carrot flour. Different samples of cookies were produced using the blend formulation and recipe as presented in Tables 1 and 2 respectively. The flow chart for cookies is shown in Figure 3.
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[bookmark: _Toc196632277]Figure 1:  Flow chart for the production of sprouted soy flour.
Source: Eke et al (2019)
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[bookmark: _Toc196632278]Figure 2:  Flow chart for the production of Carrot flour.
Source: Ukeyima et al (2019)







Table 1: Flour blend formulation for cookies
	Ingredient (%)

	Samples
	Wheat flour
	Sprouted soybean flour
	Carrot  flour

	A
	100
	0
	0

	B
	80
	10
	10

	C
	70
	20
	10

	D
	60
	30
	10

	E
	50
	40
	10





[bookmark: _Toc196631552]Table 2: Recipe for Blends of Wheat, Sprouted Soybeans and carrot Cookies
	Sample code 
	wheat flour (%)
	sprouted soybean flour (%)
	Carrot flour (%)

	Sugar (g)
	Fat (g)
	Baking powder (g)
	Milk (g)
	Salt (g)

	   A
	100
	00
	00
	20
	40
	1
	10
	1

	   B
	80
	10
	10
	20
	40
	1
	10
	1

	   C
	70
	20
	10
	20
	40
	1
	10
	1

	   D
	60
	30
	10
	20
	40
	1
	10
	1

	   E
	50
	40
	10
	20
	40
	1
	10
	1
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[bookmark: _Toc196632279]Figure 3: Flow chart for the production cookies
Source: Eke  et al (2019)

2.4 [bookmark: _Toc200636635]Evaluation of functional properties of flours 
[bookmark: _Toc176681665][bookmark: _Toc200636636]2.4.1 Determination of water absorption capacity
[bookmark: _Toc89854873][bookmark: _Toc176681666][bookmark: _Toc200636637]The AOAC (2015) method was used. 1 g of flour was weighed into a graduated conical flask and 10 mL of water was added to the weighed sample and thoroughly mixed. The sample was allowed to stand at room temperature for 30 mins and then centrifuged at 5000 rpm for 30 mins. The supernatant was then decanted and measured to know the volume of free water. The absorption capacity is expressed as grams of water absorbed per gram of sample in percentage. The water absorption capacity of the sample was further calculated using: 
WAC (g/g) = (V1 – V2) x density of water (1g/mL) 					(1)
Where V1 = initial volume of distilled water added, V2 = volume of supernatant decanted
2.4.2 Determination of oil absorption capacity
One gram (1 g) of the flour sample was mixed with 10 mL of refined vegetable oil and allowed to stand at ambient temperature for 30 min. It was then centrifuged for 30 min at 2000 rpm. The oil and adhering drops of oil were decanted and discarded. The oil absorption capacity was expressed as percent oil bound per gram flour. 

Where,
W1= Weight of sample after centrifugation,W2= Weight before centrifugation,W3= Weight of original sample.
[bookmark: _Toc89854874][bookmark: _Toc176681667][bookmark: _Toc200636638]2.4.3 Determination of bulk density
The flour sample (5 g) was poured into a (10 mL) dry measuring cylinder and the volume was recorded for the loose bulk density. The bottom of the cylinder was tapped 50 times on the laboratory table and the volume was recorded for packed bulk density. The bulk density was calculated as:
                                             (3)

2.4.4 Determination of swelling index
1g of the sample was weighed into a conical flask. It was hydrated with 15 mL distilled water, shaken for 5 min with mechanical shaker at low speed. It was heated for 40 min at 80 85°C with constant stirring in a water bath. The content was transferred into a clean, dried and pre-weighed centrifuge tube. Distilled water of 7.5 ml was added and centrifuged at 2200 rpm for 20 min. The supernatant was decanted into a pre-weighed can and dried at 100°C to a constant weight. The sediment was weighed in the centrifuge. Swelling power and solubility were calculated as;


2. 5 Proximate composition of cookies samples
[bookmark: _Toc176681672][bookmark: _Toc200636645]2.5.1 Determination of moisture content
Two (2) g of samples was carefully weighed and placed in clean pre-dried crucible dishes, whose weight had been previously recorded. The dishes were covered with easily removable lids. The dishes containing the samples were placed in a well-insulated electric oven at 105 oC for 4 hours. Thereafter the samples were removed and placed in a desiccator at room temperature to cool. After cooling, the crucible dishes were returned to the oven again for an hour and later cooled before reweighing. This procedure was repeated until a constant weight was obtained. The loss in weight of samples was reported as moisture content and calculated as shown in equation (4).

[bookmark: _Toc33683994][bookmark: _Toc35607439][bookmark: _Toc57198953][bookmark: _Toc57199542][bookmark: _Toc57200063][bookmark: _Toc57200108][bookmark: _Toc71464992][bookmark: _Toc71643744][bookmark: _Toc80086072][bookmark: _Toc80086247][bookmark: _Toc81475582]Where, W0=weight of dish only, W1= weight of dish and sample after drying, W2 =weight of dish and sample before drying, W1-W0 = weight of sample originally before drying.
[bookmark: _Toc89854879][bookmark: _Toc176681673][bookmark: _Toc200636646]2.5.2 Determination of total ash	
The crucibles were weighed and dried in an oven and cooled in the desiccators and weighed again. 3 g of the ground sample was weighed in an empty porcelain crucible, which were placed in a Muffle furnace and maintained at 550 0C for 45 min after which the crucible was then transferred into the desiccator, cooled and weighed. The percentage ash content was calculated as:

[bookmark: _Toc33683995][bookmark: _Toc35607440][bookmark: _Toc57198954][bookmark: _Toc57199543][bookmark: _Toc57200064][bookmark: _Toc57200109][bookmark: _Toc71464993][bookmark: _Toc71643745][bookmark: _Toc80086073][bookmark: _Toc80086248][bookmark: _Toc81475583][bookmark: _Toc89854880][bookmark: _Toc176681674][bookmark: _Toc200636647]2.5.3 Determination of crude fat
Two grams of sample was extracted with 240ml of petroleum ether in a Soxhlet extraction apparatus for 8 hours. The ether was distilled off and the flask dried. The fat content was calculated as:

Where,
W3=the weight of the flask with the extracted oil, W2=the weight of the empty flask, W1=the weight of the sample. 
[bookmark: _Toc33683996][bookmark: _Toc35607441][bookmark: _Toc57198955][bookmark: _Toc57199544][bookmark: _Toc57200065][bookmark: _Toc57200110][bookmark: _Toc71464994][bookmark: _Toc71643746][bookmark: _Toc80086074][bookmark: _Toc80086249][bookmark: _Toc81475584][bookmark: _Toc89854881][bookmark: _Toc176681675][bookmark: _Toc200636648]2.5.4 Crude fiber content
[bookmark: _GoBack]Exactly 2 g of samples was digested in a conical flask with 100 ml of Trichloroacetic acid (TCA). This solution was boiled and reflux for 40 minutes. After digestion, the flask was removed from the heater, cooled and the solution filtered on Whatman number 1 filter paper. 1 g of the residues was washed with distilled water several times and once with methylated spirit.  The residues were transferred to a porcelain (Evaporating dish) dish for 24 hours at 500 oC. The porcelain dishes were later taken to the desiccator to cool, and their weight taken. The digested residues after drying was ashed at 600oC for 6 hours, cooled and its weight recorded. The crude fiber was calculated using equation (8).

% of Crude Fiber = (8)
[bookmark: _Toc33683997][bookmark: _Toc35607442][bookmark: _Toc57198956][bookmark: _Toc57199545][bookmark: _Toc57200066][bookmark: _Toc57200111][bookmark: _Toc71464995][bookmark: _Toc71643747][bookmark: _Toc80086075][bookmark: _Toc80086250][bookmark: _Toc81475585][bookmark: _Toc89854882][bookmark: _Toc176681676][bookmark: _Toc200636649]2.5.5 Determination of total protein content
[bookmark: _Toc33683998][bookmark: _Toc35607443][bookmark: _Toc57198957][bookmark: _Toc57199546][bookmark: _Toc57200067][bookmark: _Toc57200112][bookmark: _Toc71464996][bookmark: _Toc71643748][bookmark: _Toc80086076][bookmark: _Toc80086251][bookmark: _Toc81475586]One (1) gram of the sample was weighed into a digestion flask and 7 Kjedahl tablets were added to it. 20 mL of concentrated H2SO4 was added and digested for 5 hours until a clear solution was obtained. The digest was then  cooled, transferred into 100 mL of volumetric flask and made up to mark with distilled water. 20 mL of Boric acid was dispensed into a conical flask while 5 drops of the indicator (methyl red) and 75 mL of distilled water was added to it. 10 mL of the digest was dispensed into Kjedahl distillation flask.
The conical flask and the distilled flask fixed in place and 20% NaOH was added through the gas funnel into the digest. The steam exit was closed and the time for the solution of the boric acid and the indicator turned green was noted. The distillation was carried out for 15min and the distillate titrated with 0.05 M HCL.

[bookmark: _Toc89850721][bookmark: _Toc89854883]
[bookmark: _Toc89854884][bookmark: _Toc176681677][bookmark: _Toc200636650]2.5.6 Determination of total carbohydrate
Total carbohydrate content was calculated by difference that is, deducting the sum of the percentages of crude protein, lipid, moisture, ash and crude fibre contents from 100.
 
[bookmark: _Toc80086077][bookmark: _Toc80086252][bookmark: _Toc81475587][bookmark: _Toc89854885][bookmark: _Toc176681678][bookmark: _Toc200636651]2.5.7 Energy value
Calorific values of the samples was determined by using Gallenkamp Ballistic Bomb Calorimeter (Coded CBB 330). 1g of each sample of the cookies was ignited by electricity and burnt in excess oxygen in the bomb. The maximum temperature rise of the bomb was measured with the thermocouple and galvanometer system.
[bookmark: _Toc33684002][bookmark: _Toc35607447][bookmark: _Toc57198961][bookmark: _Toc57199550][bookmark: _Toc57200071][bookmark: _Toc57200116][bookmark: _Toc71465000][bookmark: _Toc71643751][bookmark: _Toc80086079][bookmark: _Toc80086254][bookmark: _Toc81475595][bookmark: _Toc89854886][bookmark: _Toc176681679][bookmark: _Toc200636652]2.6 Determination of minerals
The minerals Ca, K, Mg, Fe, P and Zn were determined. Atomic Absorption Spectrophotometer was used for the determination of Ca, K, Fe, P and Zn. The optimum range for each element was prepared and all the operational instruction for setting up the instrument for the analysis of specific element were strictly followed. The ash residues were digested with 5 mL of concentrated nitric acid, filtered and the filtrate transferred to 100 mL volumetric flask and diluted with distilled water to 100 mL volume. This was done for all the samples, and stored at room temperature pending AAS analysis.
2.7 [bookmark: _Toc84235518][bookmark: _Toc84252499][bookmark: _Toc89854887][bookmark: _Toc176681686][bookmark: _Toc200636658][bookmark: _Toc84252501]Anti-nutritional analysis of samples
[bookmark: _Toc89854889][bookmark: _Toc176681687][bookmark: _Toc200636659]2.7.1 Determination of tannin content
The tannin content was determined using the Burn method (Krishnaiah et al., 2009). Five (5) g of sample was treated with 50 mL methanol and kept for 24 hours before filtration. Five (5 mL) of freshly prepared vanillin hydrochloric acid was added and the solution was allowed to stand for 20 min for color development. The absorbance was measured at 550 nm using spectronic 20 and the machine value was used in calculating the tannin content as follows:


where;
C1= Conc. of tannic acid, C2=Conc. of base, bV1=Volume of tannic acid, V2= Volume of base
[bookmark: _Toc89854890][bookmark: _Toc200636660][bookmark: _Toc176681688]2.7.2 Determination of phytates content
The method of  (Disseka et al., 2018).with slight modification was used. Exactly 2 g of samples was soaked with 100 mL of 20% concentrated HCl for 3 hours in a 250 mL conical flask. Thereafter the samples were filtered with a filter paper and 50 mL of the filtrate placed in a 250 beaker and 100 mL of distilled water added. Then 10 mL of 0.3% ammonium thiocyanate solution was added as an indicator and titration was carried out with standard Iron (III) Chloride (0.00915 g per 1mL). After titrations, the phytate content was calculated as follows;

[bookmark: _Toc89854891][bookmark: _Toc176681689][bookmark: _Toc200636661]2.7.3 Determination of Trypsin inhibitor content
Trypsin inhibition activity was determined as described (Nwatum et al., 2020). Exactly 0.5 g of sample was extracted with 50 mL of distilled water for 30 min with mechanical shaking at a speed of 200 rpm. 10 mL of the sample suspension was then destabilized by adding an equal volume of assay buffer and vigorously shaken for 2-3 min before filtering through a Whatman No.2 filter paper. The filtrate was then further diluted with water to the point where 1 mL gives 30- 79% trypsin inhibitor. This was done to keep the relative standard deviation (RSD) of trypsin inhibitor activity (TIA) measured within ± 3.5%. A suitable final concentration of the sample should be around 0.1 mg of the sample per ml (0.1 mg sample/mL diluted extract), and for heated sample, it should be around 0.5-1.5 mg/ml. 
The reaction was run at 37°C. Exactly 10 min after adding the trypsin solution, the reaction was stopped by injecting 0.5 mL of 30% acetic acid solution with 1 mL syringe. The absorbance  nm (Sample reading), is a measure of the trypsin activity in the presence of the sample inhibitors. The reaction was also run in the absence of inhibitors by replacing the sample with 1 ml of water. The corresponding absorbance symbolized as  nm (reference reading) was recorded. Distilled water was used as a blank. 
Defining a trypsin unit as an  increase of 0.01 under the conditions of the assay, the trypsin inhibitory activity is expressed in Trypsin units inhibited (TUI) per milligram of the sample and calculated as follows:

[bookmark: _Toc89854888][bookmark: _Toc200636662][bookmark: _Toc176681690]2.7.4 Determination of the oxalate content
Oxalate content was determined using the Dye method described by AOAC (2019).A 2.5g of the sample was extracted with dilute HCl, 5 mL of concentrated ammonia and precipitated with CaCl2 as calcium oxalate. The precipitate was washed with 20 mL of 25% H2SO4 and dissolved in hot water before titrating with 0.05 N KMnO4 to determine the concentration of oxalate.
2.8 Statistical analysis	
Statistical Package for Social Science (SPSS) Version 26 computer software was used to analyze the data. All experiments were conducted in triplicates and reported as mean ± standard deviation. Analysis of variance (one way ANOVA) was used to ascertain any significant differences in the treatments; differences were considered at 95% (p<0.05) significant level. The Duncan Multiple Range Tests (DMRT) was used to separate means.

[bookmark: _Toc200636676]3.0 RESULTS AND DISCUSSION 
3.1 Functional Properties of Flours	
The functional properties of flour are those properties that are used to determine or describe the behavior of flour during preparation and cooking and also predict how they will affect the finished product in terms of appearance, taste and texture (Aburime et al., 2020). These properties differ greatly for different raw materials and processes, and may be measured by chemical analysis or process testing (Adeleke and Odedeji, 2010).

Oil Absorption Capacity is the ability of the fat in flour to bind to the non-polar side chain of proteins. It is an essential functional property that contributes to enhancing mouth feel while retaining the food products’ flavor (Iwe et al., 2016b). In this study, it was observed that oil absorption capacity increased with the addition of sprouted soybean flour. This could be due to the high protein content in sprouted soybean flour.

Bulk density is the measure of heaviness of a flour sample. Flour from legumes have been reported to have high bulk density (Du et al., 2014) and this could be one of the reasons for the significant increase. In a previous study, Omoniyi et al. (2016) reported a lower range of 0.59-0.68 g/mL, for flour mixes of sweet-potato and soybean, Chandra et al. (2015) reported a similar trend. The results from this study showed an increase in bulk density as the proportion of wheat reduced. Bulk density is important when developing and using formulated flours, particularly for weaning foods. A flour’s bulk density directly affects the packaging material needed, which indicates easy handling, as lower bulk density generally means lighter flour, making it easier to handle, transport, and package . Moreover, flours with lower bulk density are often perceived as easier to digest, which benefits young children. Additionally, Lower bulk density can be advantageous for preparing nutrient-dense weaning foods as it allows for a higher concentration of nutrients within a given volume. However, high bulk density in flours and starches indicates good thickening properties, making them suitable for food products requiring thickening (Ali et al., 2024).

Water Absorption Capacity increased as the protein content increased. The major chemical compositions that enhance the water absorption capacities of flours are proteins, fiber and carbohydrates since these constituents contain hydrophilic parts such as polar or charged side chains. Therefore, the increase in the water absorption capacity of the flour is due to the increase in protein and fiber content of the composite flour (Bongjo et al., 2023). Chandra et al., (2015) reported a similar trend and noted an increase in water absorption capacity with increase in the incorporation of different flours to wheat flour.
Swelling Index increased as the level of substitution increased. The swelling capacity of flours depends on size of particles, types of variety and types of processing methods and/or unit operations Ukeyima et al. (2019) reported lower values but similar trend in their study on the effect of carrot powder addition on cookies produced from wheat and soybeans. It is explicit that the swelling capacity of composite flours is highly affected by the level of soy flour and carrot powder, because soy flour is rich in protein and starch content. 
Table 3: functional Properties of flours
	Sample Code (WSSCF)
	Oil Absorption Capacity (%)
	 Bulk         Density, (g/mL)
	Water Absorption Capacity (mL/g)
	Swelling  Index 

	100:0:0
	0.60e±0.01
	0.67d±0.01
	1.47e±0.01
	14.66e±0.01

	0:10:10
	1.15d±0.01
	0.68d±0.01
	2.88d±0.01
	18.44d±0.01

	70:20:10
	1.37c±0.01
	0.71c±0.01
	3.40c±0.00
	18.59c±0.01

	60:30:10
	1.70b±0.01
	0.78b±0.01
	4.23b±0.01
	19.72b±0.01

	50:40:10
	1.90a±0.01
	0.85a±0.00
	6.13a±0.01
	23.66a±0.01


Values are means ± standard deviations of duplicate determinations. Means in same column with same superscript are not significantly (p>0.05) different
Key: WSSCF= Wheat, Sprouted Soybean and carrot flour blends
[bookmark: _Toc200636677][bookmark: _Toc200636678]3.2 Proximate Composition of cookies produced from wheat, sprouted soybean and carrot flour blends
Protein Content: Proteins are very essential in the functioning of the body by serving as structural support, biochemical catalysts, hormones, enzymes, building blocks, etc. Protein content of blends increased significantly (p<0.05) with an increase in sprouted soybean flour addition. The increase in protein content could be due to the higher protein content in the sprouted soybean flour. The gradual increase in protein contents of samples with substitution of wheat with sprouted soybean and carrot flours showed that sprouted soybean is a rich source of protein as reported by  Opeyemi et al., (2016) who reported protein content of 11.78% for malted sorghum flour; Costa et al., (2016) who reported 9.38% protein in carrots flour and Warle et al. (2015) who analyzed soybean flour and recorded 34.99% protein content. Proteins are building blocks of the body and foods that are rich in protein are known to reduce protein energy malnutrition. The increase in protein content are within the range reported by Ikuomola et al. (2017), Ukeyima et al. (2019) and Ufot et al (2018).

Fat Content: The higher fat content of composite cookies compared to control sample was an indication of high crude fat present in the sprouted soybean. A study by Ukeyima et al., (2019) on cookies produced from wheat soybean and carrot flour blends reported an increase in fat content with higher values ranging from 8.89% to 15.85%.
Crude fibre content of the composite cookies increased as a result of soybean and carrot flour inclusion which may have had a pronounced effect on dough properties, yielding higher water absorption, mixing tolerance and tenacity, small extensibility in comparison with those obtained without fibre addition (Ukeyima et al., 2019). This result indicated that both sprouted soybean flour and carrot contain larger amount of crude fiber than wheat flour. This could be the reason that an increase in fiber content was observed as the proportion of sprouted soybean flour and carrot flour were added. Similar result was also observed by Eke et al., (2019) in their study of blending wheat flour with acha and sprouted soybean flour which contains higher fiber content than wheat flour. Fibre is good for the body as it increases the stool bulk by acting as a vehicle for faecal water. It contributes to the health of the gastro-intestinal system and metabolic system in man.
The Ash Content of a food sample depicts the inorganic residue that remains after the removal of water and organic matter (Bongjo et al., 2025). The ash content of the samples increased with increase in the substitution of wheat flour with sprouted soybean and carrot flour. Higher ash content of composite cookies compared to control sample could indicate high content of minerals. These results were higher than those observed by Adepeju et al., (2015) of 1.00% to 1.68% ash increases on carrot pomace powder incorporated fiber rich cookies Samples with high percentage of ash will be good sources of minerals.  Carrots contain key minerals Ca, Na, Fe, K, Cu, Mg, and Zn (Kwiatkowski et al., 2015). 

Carbohydrates have a wide range of physiological effects which are important for health. They are the main source of energy in most populations (Ahure and Ejoha 2020). 
There was a decrease in carbohydrate contents as the percentage inclusion of sprouted soybean increased in the blends, may be due to low amount of starch and sugar content in sprouted soybean than wheat. 
These results are similar to that reported by Adebayo-Oyetoro et al., (2017) and Ahure & Ejoha (2020) on cookies from wheat flour, malted sorghum flour, and malted sorghum-sprouted soybean-carrot flour composite. Akoja and Coker (2018) reported that the higher the protein, fat, and ash content the less the carbohydrate content. Values of carbohydrates of cookies met the recommended dietary allowance (RDA) for carbohydrate of 45-65% in foods. 

Energy Value: The decrease in energy values could be attributed to a decrease in the carbohydrate contents of the flours which is the main contributing macromolecule to the energy content of any food product. However, the values recorded in the cookies were higher compared with the FAO/WHO recommended energy value (344 kcal/day) (Awolu et al., 2022). Adeyeye et al., (2018) reported a similar trend with values ranging from 338.67kcal to 426.73kcal in their study on cookies produced from rice and soybean flour blends. This result does not agree with Guyih et al., (2020) who reported an increase in energy values from cookies produced from wheat, almond flour and carrot flour. This is evident that the cookies samples could be suitable for providing the daily energy requirement for both adults and children.

Table 4: Proximate Composition (%) and Energy Value (kcal/100g) of cookies
	Sample Code (WSSCF)
	Crude Protein
	Fat
	Crude Fibre
	Ash
	Moisture
	Carbohydrates
	Energy

	100:0:0
	13.78e±0.01
	7.22e±0.02
	2.53d±0.02
	8.43d±0.02
	8.47b±0.02
	61.58a±0.03
	366.36a±0.28

	80:10:10
	15.35d±0.02
	7.32d±0.02
	2.57c±0.02
	8.94a±0.02
	8.02c±0.02
	59.87b±0.00
	366.70a±0.20

	70:20:10
	16.14c±0.02
	7.36c±0.01
	2.62b±0.01
	8.64c±0.02
	8.02c±0.02
	58.26c±0.01
	363.82c±0.11

	60:30:10
	17.06b±0.01
	7.42b±0.02
	2.72a±0.02
	8.82b±0.02
	8.02c±0.02
	57.28d±0.23
	364.08c±1.08

	50:40:10
	19.86a±0.01
	7.52a±0.02
	2.57c±0.02
	8.94a±0.02
	8.64a±0.02
	54.50e±0.01
	365.06b±0.08


Values are means ± standard deviations of duplicate determinations. Means in same column with same superscript are not significantly (p>0.05) different
Key: WSSCF= Wheat, Sprouted Soybean and carrot flour blends
3.3 Mineral composition of cookies produced 
Magnesium: There was a significant difference (P<0.05) in the magnesium content between the samples. The substitution of wheat flour with soybean and carrot flour resulted in increase in magnesium content of the cookies. Expression of the amount of magnesium per 100 g of the sample as percentage of the recommended magnesium intake for infants of 7 - 12 months (54 mg day/day) was >50% and >100% for the 20% substitution level. A similar result was reported by Lucretia et al., (2017) who reported a value of 76.0 mg/kg in soya beans and carrot flour complementary food. Carrot is also a good source of magnesium, magnesium is involved in over 300 metabolic reactions in the human body and is needed for bone, protein, making new cells, activating B vitamins, relaxing nerves and muscles, clotting blood, and in energy production etc.  
Potassium and magnesium in almond and carrots help in functioning of muscles. 

Potassium: There was significant increase (P<0.05) in the potassium content as the level of incorporation with sprouted soybean flour and carrot flour. Potassium is an important constituent of every living cell. It is very essential in neuron transmission and other cellular reactions in the body. It has been reported that potassium plays vital roles in maintaining fluid balance and proper functioning of the essential organs such as brain, nerves, heart and muscle (Asouu, et al., 2020). It has been known to aid nerve impulse transmission and it is a major cation of intracellular fluid (Olayinka and Etejere, 2018).

Calcium: The calcium content of the samples increased with increase in the substitution of wheat flour with sprouted soybean and carrot flour. Calcium is known to play a role in muscle contraction, building strong bones and teeth, blood clotting, nerve impulse, transmission, regulating heart beat and fluid balance within cells (Grace et al., 2015). It has also been identified to play major role in managing blood pressure and preventing breast cancer.

Iron: The values observed in this study for iron content follow the same trend as reported by (Akindele et al., 2017) and (Oluwaukomi et al., 2021) but are comparatively lower. Adequate iron in the diet is essential to minimize the incidence of iron deficiency anemia, which is considered as the most common nutritional disorder worldwide (Short and Domagalski, 2013). Iron is the functional component of hemoglobin and other key compounds used in respiration, immune function and cognitive development. It is important in the diet of pregnant women, nursing mothers and infants to prevent anemia (Olayinka & Etejere, 2018).
Table 5: Mineral Composition of Cookies (mg/100 g)
	Sample Code (WSSCF)
	Magnesium
	Potassium
	Calcium 
	Iron

	100:0:0
	34.55e±0.00
	328.14e±0.02
	217.35e±0.02
	4.25e±0.01

	80:10:10
	48.26d±0.01
	385.46d±0.02
	287.36d±0.02
	7.26d±0.01

	70:20:10
	61.66c±0.01
	472.05c±0.00
	329.37c±0.02
	9.65c±0.00

	60:30:10
	84.52b±0.01
	562.17b±0.02
	388.43b±0.01
	11.12b±0.01

	50:40:10
	121.36a±0.01
	616.34a±0.02
	446.36a±49.99
	12.86a±0.01


Values are means ± standard deviations of duplicate determinations. Means in same column with same superscript are not significantly (p>0.05) different
Key: WSSCF= Wheat, Sprouted Soybean and carrot flour blends
[bookmark: _Toc200636681]3.4 Anti-nutrients Composition of Cookies
Trypsin Inhibitors: The levels of trypsin inhibitors increased with increase in soybean flour substitution which could be due to the presence of trypsin inhibitors in soybeans. Soybeans are known just like many legumes to contain high concentrations of trypsin inhibitors. The presence of protease inhibitors in the diet had been reported to form an irreversible trypsin enzyme-trypsin inhibitor complex, causing a trypsin drop in the intestine and a decrease in the diet protein digestibility, leading to slower growth. In this condition, the organism increases the secretory activity of the pancreas, which could cause pancreatic hypertrophy and hyperplasia (Bongjo et al., 2023). The results of this study follow the same trend as those reported by Abioye et al., (2020) and Nwatum et al ., (2020) but are comparatively lower.

Tannin: There was an increase in the tannin content of the cookies as the level of soybean substitution increased. Tannins are considered nutritionally undesirable because they precipitate proteins, inhibit digestive enzymes and affect the utilization of vitamins and minerals. Taking in of large amounts of tannins may result in adverse health effects, such as impaired microbial enzyme activity  by forming irreversible as well as reversible complexes with these enzymes. The results in this study are similar to those reported by Bongjo et al., (2023) but lower than that reported by Ndife et al., (2020). The cookies samples had significantly lower contents far below permissible limits of 0.05%.

Phytates: have been known to decrease the availability of some minerals (calcium, iron, magnesium and zinc) as well as protein, when bound to protein; it induces a decrease of solubility and functionality of the protein. Plant seeds utilize phytate as a source of inorganic phosphate during germination and thus tend to increase palatability, nutritional value and the mineral composition (Bongjo et al., 2023). These results are lower than those presented by Ndife et al., (2020) who produced chinchin from maize, soybean and orange fleshed sweet potato and Bukuni et al., 2022 who reported 0.06% - 0.11% for composite flours from maize, Bambara groundnut and mango powder. A value of 0.11% was reported in wheat-cocoyam soybean cookies (Akpabio, 2012).


Table 6: Anti-nutrients Composition of Cookies
	Sample Code (WSSCF)
	Trypsin inhibitors (mg/g)
	Tannins
 (%)
	Phytates 
(%) 

	100:0:0
	0.002a±0.001
	0.011a±0.000
	    0.001a±0.000

	80:10:10
	0.004c±0.001
	0.015c±0.002
	    0.003b±0.001

	70:20:10
	0.003b±0.000
	0.013b±0.000
	    0.005c±0.001

	60:30:10
	0.004c±0.001
	0.013b±0.000
	    0.006d±0.001

	50:40:10
	0.006e±0.001
	0.018d±0.001
	     0.008e±0.000


Values are means ± standard deviations of duplicate determinations. Means in same column with same superscript are not significantly (p>0.05) different
Key: WSSCF= Wheat, Sprouted Soybean and carrot flour blends
4.0 CONCLUSION
This study showed that substitution of wheat flour with sprouted soybean and carrot flour improved the functional properties of the flour. There was an increase in the bulk density, oil absorption capacity, water absorption capacity and reconstitution index.
The substitution of wheat flour with sprouted soybean and carrot flour for the production of cookies significantly improved the nutritional composition .The protein, fat, crude fibre, ash, moisture content increased while carbohydrates and energy values decreased. The higher protein, ash, crude fibre and low carbohydrate contents of the cookies produced from the flour blends has nutritional advantage over the cookies produced from 100% wheat flour. 
There was a significant increase in the mineral content of the cookies produced from the flour blends. The result also showed a reduction of the anti-nutrients of the cookies.
The combination of wheat flour, sprouted soybean flour and carrot flour at levels up to 50%, 40% and 10% respectively in the present study served a complementary purpose in increasing the nutritional quality of the cookies especially for individuals with health challenges requiring protein, fibre, vitamins and minerals.



DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc) and text-to-image generators have been used during writing or editing of this manuscript. 
COMPETING INTERESTS 
Authors have declared that no competing interests exist.



























REFERENCES
Abioye  V.F, Olodude  O.A,  Atiba  V, Oyewo I. O (2020).  “Quality  evaluation  of  chinchin produced  from  composite  flours  of  wheat and  germinated  finger  millet  flour”. 20(1):13–22 Agrosearch. 
Abosede Margaret.(2016) Quality characteristics of cookies produced from composite flours of unripe plantain, wheat and watermelon seed. Indian Journal of Nutrition, 2(2). © Racheal O. O, et al. Available:www.opensciencepublications.co m
Aburime  L.C,  Ene-Obong  H.N, David-Oku E.(2020) “Functional  properties  and  sensory evaluation  of  ‘chinchin’ bread  and  biscuits produced  from  composite  flours  from African  yam  bean,  orange  fleshed  sweet potatoes,  plantain,  cocoyam,  maize  and wheat.”  Eur.  J.  Food  Sci.  Technol. 8(4):46–64.
Adebanjo L, Olatunde G,  Adegunwa M,  Dada O,  Alamu E., (2020). Extruded flakes from pearl millet (Pennisetum glaucum)-carrot (Daucus carota) blended flours-Production, nutritional and sensory attributes, Cogent Food & Agriculture 6 (1) 1733332. 
Adebayo-Oyetoro AO, Ogundipe OO, Lofinmakin FK., et al.(2017) Production and acceptability of chinchin snack made from wheat and tigernut (Cyperus esculentus) flour. Cogent Food and Agriculture. 3(1):1–9.
Adeleke R.O and Odedeji J.O,(2010). Functional Properties of Wheat and Sweet Potato Flour Blends. Pakistan Journal of Nutrition, 9: 535-538.
Adegunwa, M. O., Bakare, H. A., & Akinola, O. F. (2012). Enrichment of noodles with soy flour and carrot powder. Nigerian Food Journal, 30(1), 74-81
Adeyeye SAO, Adebayo-Oyetoro AO, Omoniyi SA.(2017) Quality and sensory properties of maize flour cookies enriched with soy protein isolate. Cogent Food and Agriculture.3:1-11.
Akindele O, Gbadamosi O, Taiwo K, et al. (2017) Proximate, mineral, sensory evaluations and shelf stability of chinchin enriched with ugu and indian spinach vegetables. International Journal of Biochemistry Research & Review.18(4):1–14.
Akpabio U. D. (2012). Evaluation of proximate composition, mineral element and anti- nutrient in almond (Terminalia catappa) seeds. Advances in Applied Science Research, 3 (4): 2247-2252
Ali, A, Khaliq, T, Ahmad, A, Ahmad, S, Malik, A, and Rasul, F. (2012). How Wheat responses to nitrogen in the field. Crop Environ. 3:71–6.
AOAC International (2019). Official Methods of Analysis of AOAC International, 21st Edition. AOAC International, Rockville, MD, USA. 
AOAC International. (2015). Official Methods of Analysis of AOAC INTERNATIONAL (21st ed.).
Aparicio-García N,  Martínez-Villaluenga C, and Frias, E. Peñas J. (2021). Sprouted oat as a potential gluten-free ingredient with enhanced nutritional and bioactive properties, Food Chem 338  127972. 
Basson A. R,  Ahmed S,  Almutairi R,  Seo B,  Cominelli F. (2021) . Regulation of intestinal inflammation by soybean and soy-derived compounds, Foods 10 (4) 774.
Bongjo, N. B., Aondoaver, A. S., Gbertyo, J. A., Fulai, A. M. A., & Nchung, L. (2022). Nutritional and Functional Properties of Wheat-Defatted Peanut-Orange Peel Composite Flour. European Journal of Nutrition & Food Safety, 14(12), 74–86. https://doi.org/10.9734/ejnfs/2022/v14i121 283
Bongjo, Ndi Betrand, Charles Chukwuma Ariahu, and Barnabas Aloo Ikyenge. (2025). “Nixtamalization and Fermentation Enhance the Nutritional and Sensory Attributes of Maize and Cassava-Based Fufu”. Journal of Advances in Food Science & Technology 12 (1):21-37. https://doi.org/10.56557/jafsat/2025/v12i19100. 
Bukuni  S.J,  Kwagh-al  Ikya  J, Dinnah  A, Bongjo  N.B. (2022)  “Chemical  and  functional properties  of  composite flours  made  from fermented  yellow  maize,  bambara groundnut,  and  mango  fruit  for  ‘Ogi’ production.”  Asian  Food  Sci.  J. 21(2):22–33. 
Chandra S, Singh S, Kumari D.(2015) “Evaluation of functional properties of composite flours and sensorial attributes of composite flour biscuits.”  J.  Food  Sci.  Technol. 52(6)3681–3688.  DOI: 10.1007/s13197-014-1427-2
Chepkosgei T. M, and Orina I (2021). Quality and sensory properties of instant fried noodles made with soybean and carrot pomace flour, African Journal of Food Science 15 (3) 92–99.
Codex Alimentarius Commission. (2022). Codex Standard for Wheat Flour (CXS 152-1985). Food and Agriculture Organization (FAO) & World Health Organization (WHO). Retrieved from https://www.fao.org/fao who-codexalimentarius
Coyne T, Ibiebele T.I, Baade P.D, Dobson A,  McClintock C,  Dunn S,  Leonard D,  Shaw J. (2005). Diabetes mellitus and serum carotenoids: findings of a population-based study in Queensland, Australia–, Am. J. Clin. Nutr. 82 (3) 685–693.
Dias J.S. (2012). Major classes of phytonutriceuticals in vegetables and health benefits: a review, Journal of Nutritional Therapeutics 1 (1) 31–62.
Dinnah Ahure, and Pius Oteikwu Ejoha. (2020). “Quality Evaluation of Cookies from Malted Sorghum (Sorghum bicolor), Sprouted Soybean (Glycine Max) and Carrot (Daucus Carota) Flour Blends”. Asian Journal of Biotechnology and Bioresource Technology 6 (1):14–27. https://doi.org/10.9734/ajb2t/2020/v6i130072.
Disseka W, Faulet M, Koné F, et al.(2018) Phytochemical composition and functional properties of millet (Pennisetum glaucum) flours Fortified with Sesame (Sesamum indicum) and Moringa (Moringa oleifera) as a weaning food. Advances in Research. 2018;15(6);1–11
Disseka W, Faulet M, Koné F, Gnanwa M, Kouamé  L.“Phytochemical  composition and  functional  properties  of  millet (Pennisetum  glaucum) flours fortified with sesame  (Sesamum indicum) and moringa (Moringa oleifera) as a weaning food.” Adv. Res. 15(6)1–11. 
Eke O. Ahure D. and Donaldben, N. (2019). Effect of Acha and Sprouted Soybeans Flour on the Quality of Wheat Based Cookies. Asian Food Science Journal. 1-12. 10.9734/afsj/2019/v7i229969.
Farzana  T.  Orchy  T. N,  Mohajan  S,  Sarkar, N.C.,  Kakon  A.J. (2019).  Effect  of  incorporation  of mushroom on the  quality  characteristics of blended  wheat  and  oats  flour.  Archive  of Nutrition  and  Public  Health.;1(1):1-10.
Guyih M.D, Dinnah A, Eke M.O.(2020) “Production and  quality  evaluation  of  cookies  from wheat,  almond  seed  and  carrot  flour blends.”  Int.  J.  Food  Sci.  Biotechnol, 5(4)55.
Igyor M,  Yusufu P,  Sengev I. (2011). Evaluation of physicochemical, functional and sensory properties of fermented fura powder supplemented with soy, Nigerian Food Journal 29 (1) 113–121. 
Ikuomola D.S, Otutu OL, Oluniran D.D.(2017). Quality assessment of cookies produced from wheat flour and malted barley (Hordeum vulgare) bran blends. Cogent Food and Agriculture. 3:1293471.
Innocent O. N,  Lucy E. N,  Joel N,  Anthony U. N. (2019). Quality characteristics of soy-akamu powder formulated from sorghum and sprouted soybean flour blends for complementary feeding, World Journal of Food Science and Technology 3 (4) 48–57. 
Iwe  M. O,  Onyeukwu  U,  Agiriga  A. N. (2016) “Proximate,  functional  and  pasting properties  of  FARO  44  rice,  African  yam bean and brown cowpea seeds composite flour.” Cogent Food Agric. 2(1). 
Klunklin W, Savage G. (2018). Physicochemical properties and sensory evaluation of wheat-purple rice biscuits enriched with green-lipped mussel powder (Perna canaliculus) and spices. Journal of Food Quality. 10(2):1-10. 
Lalmuanpuia C, Shankar Suwan Singh and Vipin Kumar Verma. (2017). Preparation and quality assessment of fortified cookies by using wheat flour, flaxseed flour and carrot pomace. The Pharma Innovation Journal; 6 (7): 246-250.
 Lalmuanpuia C, Singh SS, Verma V. K. (2017) Preparation and quality assessment of fortified cookies by using wheat flour, flaxseed flour and carrot pomace. The Pharma Innovation Journal. 6(7):246–250
Lawrence R. A (2022). Maternal Nutrition and Supplements For Mother and infant, in Breastfeeding, Elsevier, pp. 247–277. 
Liu K, (2000). Expanding soybean food utilization, Food Technol 54 (7) 46–58. 
Nwatum  I.A,  Ukeyima  M.T,  Eke  M.O.(2020) “Production  and  quality  evaluation  of cookies  from  wheat, defatted peanut  and avocado composite flour.”  Asian Food Sci. J.15(4):1–12.  
Olayinka  B.U,  Etejere  E.O.(2018) “Proximate  and chemical  compositions  of  watermelon (Citrullus  lanatus  (Thunb.)  matsum  and nakai  cv  red  and  cucumber  (Cucumis sativus  L.  cv  Pipino).”  Int.  Food  Res.  J.25(3):1060–1066. 
Oyedeji  A.B, Mellem J.J, Ijabadeniyi  O.A. (2018). Potential for enhanced soy storage protein breakdown and allergen reduction in soy-based foods produced with optimized sprouted soybeans, LWT-Food Science and Technology 98 540–545. 
Oyedeji A.B,  Mellem J.J, Ijabadeniyi O.A. (2018). Improvement of some quality attributes of soymilk through optimization of selected soybean sprouting parameters using response surface methodology, CyTA-Journal of Food 16 (1) 230–237.
Oyeyinka S. A,  Adebayo A. I,  Oyeyinka A. T,  Akeem A. O,  Garuba T,  Oladunjoye A. O, (2020). Flour functionality, physicochemical and sensory properties of steamed and baked maize meal enriched with defatted soybean, J Food Process Preserv 44 (4) e14389
Rizzo G,  Baroni L. (2018). Soy, soy foods and their role in vegetarian diets, Nutrients 10 (43) 1–51. 
Ufot E. I, Effiong C. F, Anne P. E.(2018) Physical properties, nutritional composition and sensory evaluation of cookies prepared from rice, unripe banana and sprouted soybean flour blends. International Journal of Food Science and Biotechnology, 3(2):70-76.
Ukeyima, M. T., Dendegh, T. A. & Okeke, P. C. (2019). Effect of carrot powder addition on the quality attributes of cookies produced from wheat and soy flour blends. Asian Food Science Journal, 10(3), 1-13.
USDA. USDA Market News. US Department   of   Agriculture,   World   Bank. Blooomberg; (2019).
Vandana M,  Vinita P,  Nazra A,  Rai G. (2012). Development and compositional analysis of protein rich soyabean-maize flour blended cookies, Journal of Food Processing Technology 3 (9) 1–5. 
Warle B. M, Riar C. S, Gaikwad S. S, Mane V.A. (2015) Effect of germination on nutritional quality of soybean (Glycine max). Journal of Environmental Science, Toxicology and Food Technology. 9(4):13-16.
