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ABSTRACT
Background: Orange-fleshed sweet potato (OFSP), Cowpea Leaves (CL), and Moringa Leaves (ML) are bioactive compounds-rich foods that may be used in functional foods production. The objective of this study was to develop functional composite flour, rich in bioactive compounds from the blends of fermented Orange-fleshed Sweet Potato, Cowpea leaves, and Moringa leaves. The effect of fermentation on the nutritional, functional, antioxidant, and antinutrient properties of the flour was investigated, as well as the optimisation of the flour blends using Response Surface Methodology (RSM).
Aim: This study aims to produce a composite flour from Orange-fleshed sweet potato (OFSP), cowpea, and moringa leaves to obtain a product rich in bioactive compounds that can serve as a panacea for certain degenerative diseases.
Methods: Samples of OFSP, CL, and ML were fermented for 24 h, dried, and milled into flours, and their proximate, mineral, antioxidant, and antinutrient properties were determined using standard AOAC methods. Statistical design and analysis were carried out using an optimal mixture design of response surface methodology. Optimal Mixture Model of Response Surface Methodology (RSM) (Design Expert 16.0) was used for the experimental design and statistical analyses. The means were separated by the New Duncan Multiple Range Test (NDMRT). A statistical package (SPSS) was also used for some statistical analyses. Significance was set at p < 0.05. The alpha-amylase and alpha-glucosidase of the selected optimised flour blends were evaluated.
Results: Fermentation led to a substantial increase in protein content of cowpea leaves (22.78%) and moringa leaves (23.69%). Reduction in the antinutritional factors such as tannins, saponins, glycosides, and alkaloids was also observed. Increased antioxidant activity, including DPPH scavenging and Fe²⁺ was observed in fermented leaves but not in OFSP. The proximate composition of the sample range is crude protein (13.91–17.00%), crude fibre (7.05–8.56%), and carbohydrate (51.85–65.98%). Samples FBG (88.85% OFSP, 7.50% CL, 3.65% ML)   and FB6 (91.2613% OFSP, 7.50% CL, 1.23866% ML) had the highest α-Amylase and α-glucosidase Inhibition, and this positions them as potential blends in the management of diabetes. FRAP values as indicators of reducing power were highest in FBG (4.95), followed by FBA (4.78), FB8 (4.64 mg (Vit. C)/g), and FB6 (4.18 mg (Vit. C)/g), as indicated by the phenolic content of the blends. Chelation ability of Fe²⁺ was strongest in FB8 (52.34%), followed by FBA (49.54%), FB6 (45.41%), and FBG (42.62%). 
[bookmark: _GoBack]Conclusions: The optimised samples provide nutritional and bioactive-rich samples, which will be potential raw materials as functional foods.  The findings revealed the potential of local crops with untapped potential to combat malnutrition, degenerative diseases, secret hunger, and sustainable agriculture through producing high-value-added products. 
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INTRODUCTION
Bioactive food constituents are food components present in trace concentrations in foods that exert their physiological activities by modulating metabolic processes (Teodoro, 2019; Kumari et al, 2022). Phytochemicals are widely present in all plant foodstuffs and medicinal plants. They have also been shown to be implicated in the regulation and prevention of hypertension, one of the major causes of cardiovascular disease (CVD), stroke, kidney disease, and diabetes in the world (Hussain et al., 2018). They act by inhibiting enzymes, chelating metal ions to suppress oxidation, and regulating metabolism (Teodoro, 2019). Some of these crops are Orange-fleshed sweet potato, cowpea (Vigna unguiculata L. Walp), and Moringa oleifera.
Orange-fleshed sweet potato (OFSP) (Ipomoea batata L.) is a good source of dietary fibre, minerals, vitamins, phenolics, and carotenoids responsible for flesh  colours and having very high antioxidant activities (Rodrigues et al., 2016; Oloniyo et al., 2021; Abewoy et al., 2024). Orange-fleshed sweet potatoes are one of the most important root crops for their high-carotene content. The associated causes of inadequate intake and production of this crop are lower adoption, weak extension support, and inaccessibility of improved varieties. For that, a demonstration of a recent variety of sweet potato is a necessary action (Bekele & Debara, 2025; Kebero & Urga, 2022). It possesses anticarcinogenic and cardioprotective effects (Chandrasekara and Kumar, 2016; Chamuah et al., 2025). OFSP is a low-input crop and has also been used in the fight against vitamin A deficiency in countries' biofortification efforts, such as Nigeria, Uganda, and Kenya (Girard et al., 2021). OFSP phenolic acids possess free radical-scavenging activity, though with varieties of comparable flesh colour content and antioxidant activity may differ (Olagunju et al., 2021; Chintha et al., 2023).
Cowpea (Vigna unguiculata L. Walp) is a minor legume of nutritional importance planted for leaves and seeds, which originated in West and Central Africa but is farmed everywhere on the planet (Edeh and Igberi, 2012; Simion, 2018). It is a multi-purpose legume. It consists of high-quality protein for human consumption, and it is rich in protein for livestock fodder. It enriches the soil in that it recycles nutrients through the fixation of nitrogen in association with nodulating bacteria (Omomowo & Babalola, 2021; Abebe & Alemayehu, 2022).Beta-carotene, iron, flavonoids, tocopherols, and lycopene of cowpea leaves have been found to have antioxidant properties and nutraceutical activity that can result in enhanced intake of micronutrients and thus decrease the burden of CVD (Okonya and Maass, 2014; Moloto et al., 2020). Seasonal variation in access has necessitated preservation efforts, but to no avail (Owade et al., 2019).
Moringa oleifera leaf is a good source of vitamins (A, B, C, K), beta-carotene, protein, and minerals such as manganese (Abbas et al., 2018; Islam et al., 2021). They are relatively small in amount, even though they form calcium oxalate crystals when compared with spinach (Allen et al., 2014; Menon et al., 2022). Moringa Leaves are consumed raw, cooked, or dried, and all show anticancer, antioxidant, antimicrobial, antidiabetic, and cardioprotective activity (Upadhyay, 2021; Masiala et al., 2024). Moringa leaves are added to many traditional drug systems, including drugs that are traditionally used by lactating communities to cause lactation in lactating women (Bazzano et al., 2016; Meireles et al., 2020). Limited information exists on the production of functional flour from a blend of OFSP, cowpea, and moringa leaves. Therefore, this study seeks to produce a composite flour from OFSP, cowpea, and moringa leaves to obtain a product rich in bioactive compounds that can serve as a panacea for certain degenerative diseases. 
MATERIALS AND METHODS
Raw materials
Orange-fleshed Sweet Potato, Cowpea leaves, and Moringa leaves were harvested from a demonstration farm within Rufus Giwa Polytechnic, Owo, Ondo State, Nigeria. The processing utensils and equipment were from the Food Processing and Food Chemistry Laboratories of the Food Science and Technology Department of Rufus Giwa Polytechnic, Owo. All chemicals used were of analytical grade.
Preparation of Samples
The raw materials were processed into flours, following the method of Adejuwon et al. (2021) with slight modifications.

Preparation of orange-fleshed sweet potato flour
OFSP tubers were washed thoroughly to remove adhering soil. They were peeled and sliced into thin chips (approximately 2-3 mm thick). They were fermented for 24 h, drained, and dried using a cabinet dryer at 65 oC for 14 h. The dried chips were milled into flour using an attrition mill and stored in airtight containers at room temperature.

Preparation of cowpea leaves powder
The cowpea leaves were removed from their stalk by hand and thereafter sorted to remove wrinkled, bruised, and bleached leaves. The leaves were then rinsed with clean running tap water to remove dirt and other foreign matter, followed by fermentation for 24 h. Cowpea leaves powder was obtained after successfully drying the leafy vegetables using a cabinet dryer at 65 oC for 3 h for maximum nutrient retention. It was then milled into powder and packaged in polyethene bags until further needed.

Preparation of moringa leaves powder
Fresh moringa leaves were stripped from the stems and thoroughly washed to remove dirt. The leaves were fermented spontaneously for 24 h, drained, and dried in a cabinet dryer at 65 oC until completely dry and brittle. The dried leaves were milled into fine powder using an attrition mill and stored in opaque, airtight containers in a cool, dark place to preserve their bioactive compounds.
A control unfermented sample was also prepared from each of these crops and dried.

Formulation of samples
Optimal Mixture Model of Response Surface Methodology (RSM) (Design Expert 16.0) was used for the experimental design and statistical analyses (Table 1).  The best four formulated samples were chosen after a preliminary experimental study. 

Analysis
Determination of proximate composition
The proximate composition (moisture, ash, crude protein, crude fat, crude fibre, and carbohydrate) of the raw flours, unfermented and fermented flour blend, was determined using standard AOAC (2016) methods.

Determination of moisture and fat contents
The Sample was weighed and put into a dried and cooled Petri dish of a known weight; the weight of the Petri dish and the sample was taken and recorded. It was then dried in the oven at 105 oC for 3 hours. The sample was cooled, and the percentage moisture was determined using the following equation
Moisture (%) =     
	Table 1: Response Surface Design for the Samples
	S/N
	OFSP (g/100g)
	Cowpea Leaves (g/100g)
	Moringa Leaves (g/100g)     Code
	Code

	1
	89.3714
	5.05507
	5.57348
	FBA

	2
	93.9544
	5.54563
	0.5
	FB2

	3
	98.3
	0.5
	1.2
	FBC

	4
	92.3722
	3.39543
	4.23233
	FB4

	5
	95.557
	2.69985
	1.74316
	FBE

	6
	88.85
	7.5
	3.65
	FB6

	7
	91.2613
	7.5
	1.23866
	FBG

	8
	86.4397
	6.06034
	7.5
	FB8

	9
	86.4397
	6.06034
	7.5
	Rp8

	10
	94.8265
	0.5
	4.67355
	FBI

	11
	92.35
	0.5
	7.15
	FBO

	12
	88.85
	7.5
	3.65
	Rp6

	13
	89.8382
	2.66176
	7.5
	FB

	14
	93.9544
	5.54563
	0.5
	Rp2

	15
	92.3722
	3.39543
	4.23233
	Rp4

	16
	92.3722
	3.39543
	4.23233
	Rp4




Where 
	W1 = weight of sample 	
	W2 = weight of Petri dish + sample 
	W3 = weight of Petri dish + sample after drying

The fat content was determined using a Soxhlet apparatus. The sample was subjected to oil extraction using hexane, and the defatted sample was used to calculate the crude fat using this formula:
Percentage of crude fat    = 	

Determination of crude fibre, ash, crude protein, and carbohydrate contents
Crude fibre was obtained from defatted samples by sequential boiling in 1.25% H₂SO₄ and 1.25% NaOH, followed by filtration, washing, drying at 110 °C, ashing at 600 °C, and gravimetric calculation:
Crude fibre (%) =  ×100%   
Where: W1 = Initial weight of sample; W2 = weight of sample + crucible before ashing; W3 = weight of sample + crucible after ashing (constant weight after cooling)
Ash content was determined by incinerating 2 g of the sample in a muffle furnace at 550 °C until white ash was obtained. Crude protein was determined using the Kjeldahl method (digestion, distillation, and titration), and nitrogen content was multiplied by 6.25 to obtain protein percentage: 

Carbohydrate content was calculated by difference. Energy value was calculated using Atwater conversion factors as adopted by Alabi et al. (2025)

Determination of mineral content 
The mineral composition of the samples was determined following the method described by AOAC (2016). About 2 g of each sample was weighed into the crucible and ashed in the muffle furnace. The ashed sample was digested with aqua regia (2 ml), (aqua regia is a mixture of HCl and HNO3 in a ratio of 3:1) and was made up to 100 ml with distilled water, filtered through N0 4 Whatman filter paper, and kept in a plastic bottle with a lid. While other elements were determined using a spectrophotometer (210 VGP Buck Atomic Absorption Spectrophotometer), sodium and potassium were determined using a flame photometer.

Determination of the antinutrient content
The flour blends were subjected to various antinutrient analyses to determine the active constituents present in them. The antinutrient analyses conducted were on: Alkaloids, Tannins, Phytate, Saponin, Oxalate, and Flavonoids; and these were determined according to the method described by Harborne (1973 and 1983)
Determination of alkaloids
Sample (2.5 g) was weighed into a 250 ml beaker, 100 ml of 20% acetic acid was added to the ethanol, and the mixture was covered for 4 hours. It was filtered and the extract was concentrated in a water bath to ¼ of the original volume (25 ml/100 ml): concentrated NH4OH solution was added dropwise  until the precipitate was complete. It was filtered with already known weight filter paper. The filtrate was washed further with NH4OH to ensure complete precipitation and was refiltered with the same filtered paper. The filter paper was dried with the residue (Alkaloid) in the oven. The alkaloid was calculated as a percentage (g/100 g).
Determination of tannin
A 0.2 g sample was weighed into a 50 ml sample bottle, 10 ml of 70% acetone was added, and the bottle was covered. It was shaken in the bath shaker for 2 hours at 30 oC. It was centrifuged or filtered, and the supernatant layer was stored on ice. Standard Tannic acid solution was prepared from 0.125 g/250 ml, which is equivalent to 0.5 mg/ml. 0.2 ml of solution was pipette into the test tube, plus 0.8 ml of distilled water. 0.5 ml Folin reagent was added, and 2.5 ml of 10% Na2CO3 was added to both 1 ml (0.5 mg/ml) standard tannin and 1 ml (0.2 ml + 0.8 ml) and sample solution (1 + 0.5+ 2.5= 4ml): It was vortexed and allowed to incubate at room temperature for 40 minutes.
Determination of phytate
Four (4 g) of the ground sample was weighed and soaked in 100 cm³ of 2% HCl for 3 hrs and then filtered.  Twenty-five millilitres (25 ml) of the filtrate was transferred into a 100 ml conical flask, and 5 ml of 0.3%  NH4SCN was added as an indicator. 50 ml of distilled water (H2O) was added for proper acidity. It was titrated against FeCl3, which contains about 0.00195 g AFe3+ A FeCl3 solution (or 0.00195 g 100 m/ml): Phytate content was calculated in mg/100g or g/100g as (g/100g):
Phytic acid =    [image: ][image: ] x 8.24        x        100
                             1000             sample weight
([image: ][image: ]= titre value):
(mg/100g) Phytic acid = [image: ][image: ] x    195 x 1.19 x 3.55 x 100
                                                          Sample weight.

Note that iron equivalent  =  titre x1.95 x 1.19
Determination of saponin
Ten (10) g of ground sample was placed into a 250 ml conical flask, and 100 ml of 20% ethanol was added to it. It was then heated on a hot water bath for 1 hour with constant stirring at 55 °C. The residue was filtered and re-extracted with 20 ml of 20% ethanol. The volume of the combined extracts was reduced to 40% over a water bath at about 550C. The concentrate was transferred into a 250 ml separating funnel, and 20 ml of diethyl ether was added and shaken vigorously. The ether layer was discarded, and the aqueous layer retained. Twenty (20) ml of n-butanol was added to the aqueous layer in a 100 ml beaker and decanted. The residue was washed twice with 5% NaCl and decanted. The residue was dried with a known weight 100 ml beaker in an oven to a constant weight. The saponin content was calculated as a percentage (g/100g):
Calculation
Sample weight = 10g (W1)
Beaker weight = xg (W2)
Saponin + beaker = (W3) 
% Saponin (g/100g)   =       W3-W2   x    100
						W1	       1

Determination of oxalate
One gram (1g)  was weighed into a 100 ml conical flask, and 50 ml of 1.5 N H2SO4 was added and stirred intermittently with a magnetic stirrer for about 1 hour. It was filtered with Whatman filter paper. Twenty-five millilitres of filtrate was transferred into a 100 ml conical flask and titrated into a faint colour appeared that persisted for at least 30 seconds. Oxalate was calculated in mg/g.
Determination of flavonoids
Ten (10 g) of plant sample was repeatedly extracted with 100 ml of 80% aqueous methanol at room temperature. The whole solution was then filtered through filter paper, and the filtrate was later transferred into a heater bath and evaporated to dryness. The sample was then weighed, and a constant weight was observed.				   

Determination of Antioxidant Activities
Determination of total phenolic content (TPC)
The total phenol content of the samples was determined by the method of Singleton et al. (1999). Samples were extracted with appropriate solvents (e.g., 80% methanol or ethanol), and 0.2 ml of the extract was mixed with 2.5 ml of 10% Folin-Ciocalteu’s reagent and 2 ml of 7.5% Sodium carbonate. The reaction mixture was subsequently incubated at 45 oC for 40 minutes, and the absorbance was measured at 700nm in the spectrophotometer. Gallic acid was used as a standard, and the results were expressed as mg gallic acid equivalents (GAE) per 100g sample.

Determination of total carotenoid content (TCC)
Total carotenoid content of the OFSP flour, flour blends, and cookies was determined spectrophotometrically adopting the method described by Rodriguez-Amaya and Kimura (2004). Samples were extracted with a mixture of hexane and acetone. The absorbance of the extract was measured at 450 nm, the maximum absorption wavelength for total carotenoids. Total carotenoid content was calculated using the extinction coefficient of beta-carotene.

Determination of total flavonoid content (TFC)
The total flavonoid content of the extract was determined using a colourimeter assay developed by Bao (2005). 0.2ml of the extract was added to 0.3ml of 5% NaNO3 at zero time. After 5 minutes, 0.6ml of 10% AlCl3 was added, and after 6 minutes, 2ml of 1M NaOH was added to the mixture, followed by the addition of 2.1ml of distilled water. Absorbance was read at 510nm against the reagent blank, and flavonoid content was expressed as mg rutin equivalent.

Determination of ferric reducing property
The reducing property of the extract will be determined by Pulido et al. (2000), 0.25 ml of the extract was mixed with 0.25 ml of 200 mM Sodium phosphate buffer, pH 6.6, and 0.25 ml of 1% KFC. The mixture was incubated at 50 oC for 20min, thereafter 0.25 ml of 10% TCA was also added and centrifuged at 2000rpm for 10min, 1ml of the supernatant was mixed with 1ml of distilled water and 0.1% of FeCl3, and the absorbance was measured at 700nm.

Determination of free radical scavenging ability
The free radical scavenging ability of the extract against DPPH (1, 1 1-diphenyl-2-picrylhydrazyl) was determined using the method of Gyamfi et al. (1999). 1ml of the extract was mixed with 1ml of the 0.4mM methanolic solution of the DPPH. The mixture was left in the dark for 30 minutes before measuring the absorbance at 516 nm.

Determination Fe2+ Chelation
The ability of the extract to chelate Fe2+ was determined using a modified method of Minotti and Aust (1987) by Puntel et al (2005). Briefly, 150 ml FeSO4 will be added to a reaction mixture containing 168 ml of 0.1M Tris-HCl pH 7.4, 218 ml saline and extract, and the volume is made up to 1ml with distilled water. The reaction mixture will be incubated for 5 min before the addition of 13 ml of 1, 10-phenantroline; the absorbance will be read at 510nm.

ABTS scavenging ability
2, 2’-azino-bis (3-ethylbenthiazoline-6-sulphonic acid) (ABTS) scavenging ability. The ABTS scavenging ability of the extract was determined according to the method described by Re et al. (1999). The ABTS was generated by reacting with an (7mM). ABTS aqueous solution with K2S2O8 (2.45 mM/l, final conc.) in the dark for 16 hours, and adjusting the absorbance at 734 nm to 0.700 with ethanol 0.2 of the appropriate dilution of the extract was then added to 2.0 ml of ABTS solution, and the absorbance was read at 732nm after 15 minutes. The TROLOX equivalent antioxidant capacity was subsequently calculated.

Determination of the In Vitro Enzyme Inhibition and Digestibility Profile 
Alpha-glucosidase inhibitory assay
The effect of the sample extracts on α-glucosidase activity was determined according to the method described by Kim et al. (2000)  using α-glucosidase from Saccharomyces cerevisiae. The substrate solution p-nitrophenyl glucopyranoside (pNPG) was prepared in 20 mM phosphate buffer, pH 6.9. 100 μL of α-glucosidase (0.3 U/mL) (1-2 mg α-glucosidase was dissolved in 100 μL of phosphate buffer, pH 6.8, containing 200 mg BSA) was pre-incubated with 50 μL of the sample for 10 min. Then, 50 μL of 3.0 mM (pNPG) as a substrate dissolved in 20 mM phosphate buffer (pH 6.9) was added to start the reaction. The reaction mixture was incubated at 37 °C for 20 min and stopped by adding 2 mL of 0.1 M Na2CO3. The α-glucosidase activity was determined by measuring the yellow-colored paranitrophenol released from pNPG at 405 nm.

The alpha-amylase inhibition assay 
A 40μL of the sample extract, 160 μL of distilled water, and 400 μL of starch solution were mixed in a screw top plastic tube. The reaction was started by the addition of 200 μL of the enzyme solution, and the tubes were incubated at 25 °C for 3 min. The enzyme solution was added at 1-minute intervals from the start of the reaction. Then, 200 μL of the mixture was withdrawn into a separate test tube containing 100 μL of DNS colour reagent.
DNSA preparation: (50.68 g sodium potassium tartrate dissolved in 70 mL of 2 M NaOH with 0.026 mM of 3,5-dinitrosalicylic acid) and placed in a water bath maintained at 85–90 °C for 15 min. The mixture in each tube was diluted with 900 mL of distilled water, and the absorbance was measured at 540 nm.

Statistical analysis
All experiments were conducted in triplicate. Data obtained from all analyses were subjected to appropriate statistical analysis using the SPSS for Windows programme version 16. Means and standard deviations of all the samples were calculated and compared. One-way analysis of variance (ANOVA) was used to determine significant differences between means, followed by post-hoc tests. Significance was set at p < 0.05. Results were presented as mean plus or minus standard deviation, and the means were separated by the New Duncan Multiple Range Test (NDMRT). In addition, response surface methodology (state-ease), Design Expert 16.0 was used for the statistical analyses of blends designed using response surface methodology to obtain the p-value, R2 values, adjusted R2 values, and optimum blends 

Results and Discussion
Proximate Composition of the Flour Blend from OFSP, CL, and ML
The flour blends were subjected to optimisation using Response Surface Methodology (RSM). Sixteen runs were obtained and subjected to proximate analysis. The proximate composition of the flour blends formulated from orange-fleshed sweet potato (OFSP), cowpea leaves (CL), and moringa leaves (ML) is presented in Table 2, and this indicates their strategic value in functional food systems for the management of malnutrition and chronic disease management while promoting sustainable food system uses. Moisture content ranged between 9.60% and 13.00% among the blends, with the sample containing approximately 89 g of orange-fleshed Sweet 
Table 2: Proximate Composition of the Flour Blend from OFSP, CL, and ML
	
	Moisture
	Ash (g)
	Crude 
	Crude
	Crude
	Carbohydrate
	Energy

	
	Content (%)
	
	Fibre (g)
	Fat (g)
	Protein (g)
	(g)
	(kcal)

	FBK
	11.60±0.08bc
	6.61±0.10c
	1.48±0.45h
	3.50±0.02g
	10.79±0.06f
	65.98±0.35a
	338.69±0.94d

	FBO
	13.00±0.86a
	8.53±0.06a
	1.03±0.30i
	5.66±0.02d
	10.55±0.43fg
	61.22±0.90de
	338.08±2.08d

	FBI
	9.63±0.13e
	8.11±0.09ab
	0.87±0.23i
	6.28±0.02ab
	10.80±0.05f
	64.27±0.09b
	356.90±0.07a

	FB6
	11.23±1.16cd
	4.06±0.08f
	5.18±0.26d
	5.87±0.04cd
	14.98±0.30c
	58.64±0.66f
	347.35±3.85c

	FB4
	10.25±0.63de
	5.54±0.01e
	3.37±0.27g
	6.08±0.34bc
	10.23±0.58g
	64.50±1.13b
	353.71±5.29a

	FBA
	9.60±0.75e
	5.84±0.11de
	4.75±0.12e
	5.48±0.02de
	13.91±0.06d
	60.38±0.73e
	346.52±2.99c

	FBC
	12.29±0.29ab
	6.17±0.10cd
	3.95±0.04f
	4.50±0.32f
	10.78±0.06f
	62.27±0.16cd
	332.81±2.53e

	FB8
	10.67±0.12cd
	6.39±0.49cd
	7.05±0.08b
	3.58±0.25g
	16.15±0.18b
	56.13±0.45g
	321.46±3.35f

	FBG
	10.30±0.02de
	7.70±0.89b
	8.56±0.13a
	4.57±0.52f
	17.00±0.08a
	51.85±1.49h
	316.59±1.63g

	FBE
	10.99±0.06cd
	4.00±0.19f
	6.33±0.10c
	5.17±0.02e
	10.58±0.01fg
	62.91±0.26c
	340.59±0.82d

	FB2
	10.36±0.19de
	6.33±0.12cd
	4.53±0.18e
	6.64±0.02a
	11.45±0.36e
	60.65±0.26e
	348.30±0.59c

	FB8
	10.67±0.12cd
	6.39±0.49cd
	7.05±0.08b
	3.58±0.25g
	16.15±0.18b
	56.13±0.45g
	321.46±3.35f

	FB6
	11.23±1.16cd
	4.06±0.08f
	5.18±0.26d
	5.87±0.04cd
	14.98±0.30c
	58.64±0.66f
	347.35±3.85c

	FB2
	10.36±0.19de
	6.33±0.12cd
	4.53±0.18e
	6.64±0.02a
	11.45±0.36e
	60.65±0.26e
	348.30±0.59c

	FB4
	10.25±0.63de
	5.54±0.01e
	3.37±0.27g
	6.08±0.34bc
	10.23±0.58g
	64.50±1.13b
	353.71±5.29a

	FB4
	10.25±0.63de
	5.54±0.01e
	3.37±0.27g
	6.08±0.34bc
	10.23±0.58g
	64.50±1.13b
	353.71±5.29a



In each column, different superscripts are significantly different (P<0.05)
FBK - 89.8382, OFSP; 2.66176 Cowpea Leaves; 7.50 Moringa Leaves
FBO - 92.35 OFSP; 0.5 Cowpea Leaves; 7.15 Moringa Leaves
FBI - 94.8265 OFSP; 0.50 Cowpea Leaves; 4.67355 Moringa Leaves 
FB6 - 88.85 OFSP; 7.50 Cowpea Leaves; 3.65 Moringa Leaves
FB4 - 92.3722 OFSP; 3.39543 Cowpea Leaves; 4.23233 Moringa Leaves
FBA - 89.3714 OFSP; 5.05507 Cowpea Leaves; 5.57348 Moringa leaves
FBC - 98.30 OFSP;  0.5000 Cowpea Leaves; 1.20 Moringa Leaves
FB8 - 86.4397 OFSP 6.06034 Cowpea Leaves 7.5 Moringa Leaves
FBG - 92613 OFSP; 7.50 Cowpea Leaves; 1.23866 Moringa Leaves 
FBE - 95.557 OFSP; 2.69985 Cowpea Leaves; 1.74316 Moringa Leaves 
FB2 - 93.9544 OFSP; 5.54563 Cowpea Leaves; 0.50 Moringa Leaves, 

Potato, 5 g Cowpea Leaves and 6 g Moringa Leaves (FBA) (9.60%), and the one containing approximately 94.8 g Orange-fleshed Sweet Potato, 0.5 g Cowpea Leaves and 4.7 g Moringa Leaves FBI (9.63%), recording the lower moisture content, which improves shelf stability and reduces the possibility of microbial growth (Tapia et al., 2020). Such a balance of moisture helps in proper dough rheology for cookie production, maintaining product integrity, as stipulated by Hitlamani et al. (2025). All the samples except the sample containing 92.35 g Orange fleshed Sweet Potato, 0.50 g Cowpea Leaves, and 7.15 g Moringa Leaves (FBO) with 13% have a moisture content reasonably below 15% recommended by the FDA.
Ash content, which is indicative of mineral richness, was higher in FBO (8.53%) and FBI (8.11%), aligning with the mineral-rich nature of CL and ML (Mbikay, 2012; Noubissié et al., 2019). This mineral availability strengthens micronutrient supplementation in functional cookies, combating deficiencies in vulnerable populations. The different optimised mixtures showed a reasonably higher level of ash content than those reported by Awolu et al. (2020) and Ifesan et al. (2015) for quality protein maize starch derivatives and Avocado Seed (Persea americana), respectively, thereby showing a potentially high level of mineral elements in the samples
Crude fibre content, a prerequisite for metabolic health, ranged extensively, with FBG (8.56%) and FB8 (7.05%) recording the largest, courtesy of the abundance of dietary fibre inputs of CL and ML (Abebe and Alemayehu, 2022; Shakpo et al., 2025). These high-fibre blends are particularly valuable for the non-pharmacological management of diabetes and hypercholesterolemia because dietary fibre moderates postprandial glucose and lipid levels and maintains gut health (Slavin, 2013). They also tend to enhance satiety, thereby reducing the need to consume much carbohydrate-dense food. Conversational, on the other hand, lower fibre blends such as FBI and FBO can produce cookies with a smoother texture for sensory acceptability in diverse consumer groups. 
The crude fat content ranged from 3.50% (FBK) to 6.64% (FB2), whereas FBA (5.48%) and FB6 (5.87%) contained moderate levels of fat that enhance caloric density and promote enhanced bioavailability of soluble micronutrients without exceeding dietary fat guidelines, thus ensuring cardiovascular well-being (Shaheen et al., 2023). The higher level of fat observed in sample FB2 may be due to a much lower amount of moringa leaves (0.50 g) relative to both cowpea leaves (5.55 g) and orange flesh sweet potato (93.95 g). Meanwhile, the inverse was the case for sample FBK, which contains 89.83 g of orange-fleshed sweet potato, 2.66 g of cowpea leaves, and a relatively high content of moringa leaves (7.50 g). All the values presented in this work are much lower than the 10.22 - 18.96% reported by Akande et al. (2025) for gluten-free oat-based breakfast wraps, which may be due to the incorporation of edible insects in their work. However, the samples, except FBK, have more crude fat than those reported by Alabi et al. (2025).
Crude protein content is known to be essential in protein-energy malnutrition (Zhang et al., 2022), and it was highest in FBG (17.00%) and FB8 (16.15%), while FB6 (14.98%) and FBA (13.91%) also recorded high protein values. This is a reasonable level, considering the plant-based source of their constituents. For instance, the ginger-flavoured biscuits produced from the blends of bambara groundnut, wheat, and plantain flour had a crude protein content ranging from 8.07% to 10.30%, as reported by Arogundade et al. (2023). This shows the potential of the samples to be adopted for functional cookie formulations to improve dietary protein content in children, pregnant women, and needy families (Rutherfurd et al., 2015).
Carbohydrate content varied from 51.85% (FBG) to 65.98% (FBK). While composite flours like FBG (51.85%) and FB8 (56.13%) contain less carbohydrate content appropriate for diabetic-friendly foods, FBA (60.38%) and FB6 (58.64%) contain balanced carbohydrate content for the provision of energy without inducing hyperglycemic activity, following WHO dietary guidelines. All the samples possess a carbohydrate content greater than 50% and this may be due to the high ratio of orange-fleshed sweet potato in all the samples. The carbohydrate contents of all the samples are slightly lower than those reported by Fatukasi et al. (2025) for their optimised flour blends that ranged from 64.12 to 75.09%.
The energy contents ranged from 316.59 to 356.90 kcal for FBG and FBI, respectively. FB6 (347.35 kcal), FBA (346.52 kcal), FB8 (321.46 kcal), and FBG (316.59 kcal) provided intermediate to high energy that is suitable for meeting caloric deficiencies among undernourished populations and energy density requirements in functional foods. There is no significant difference in the energy level of FB6, FBA, and FB2; the same can be said about samples FBK, FBO, and FBE. The moderately high level of the energy value of both samples. The high value observed in the FBI and FB4 reflects a more potent contribution of fat to their caloric value relative to other samples.
Collectively, FBA, FB6, FBG, and FB8 are high-scoring blends for protein and fibre content and are therefore nutritionally high-ranking candidates for functional cookie development for protein-energy malnutrition, metabolic health, and sustainable dietary interventions. These samples were the selected mixture blends, due to their proximate profiles confirming improved satiety, glycemic control, and micronutrient delivery, which are imperatives for functional foods to manage chronic disease management and nutritional upgrading in vulnerable groups.
Mineral Composition of OFSP-CL-ML Flour Blends
Mineral composition is critical in evaluating functional flour blend nutritional value in defining physiological functions such as electrolyte status, enzymic activity, bone health, and redox status in the consumer (Gaffney-Stomberg, 2019; WHO, 2022). The mineral content of the selected samples and the control samples is presented in Table 3. The selected samples, containing the blends of orange-fleshed sweet potato, cowpea leaves, and moringa leaves, had superior mineral profiles, which indicate their potential to combat micronutrient deficiency as well as technological acceptability to produce functional snacks.
Specifically, Sodium (Na) content in all highlighted blends was much greater compared to 100% wheat flour (NFB) and 100% OFSP (UFP). FBG (124.90 mg/kg) recorded the highest, followed by FB8 (120.80 mg/kg), FBA (115.60 mg/kg), and FB6 (114.15 mg/kg). The contents, even though enhancing electrolyte equilibrium, are within safety levels, reducing hypertension risk while helping to maintain osmotic balance in functioning foods targeted towards individuals with different conditions, including hypertensive cases (Adetola et al., 2024).
Potassium (K), employed in nerve transmission and cardiovascular function, was in abundance among the blends, with the sample containing 88.85 orange-fleshed sweet potato, 7.50 cowpea leaves, and 3.65 moringa leaves (FB6:316.95 mg/kg) and FBA (297.05 mg/kg) possessing very high concentrations, followed by FBG (270.30 mg/kg) and FB8 (267.60 mg/kg). Potassium at high levels is beneficial in the fight against sodium-induced hypertension (Reddy et al., 2015), and its presence in these blends is an affirmation of cookies production for cardiovascular risk reduction. The potassium content across the whole sample is over 1.5 times higher than its sodium content, which is indicative of a potential lower level of Na/K across the samples.

Table 3: Mineral composition of the flour blend from OFSP, CL, and ML (mg/kg)
	
	FBA
	FB6
	FBG
	FB8
	NFB
	UFP

	Na
	115.60±0.14c
	114.15±0.35d
	124.90±0.56a
	120.80±0.14b
	  24.55±0.30f
	 84.15±0.35e

	K
	297.05±0.35b
	316.95±0.63a
	270.30±0.28c
	267.60±0.14d
	150.53±0.63f
	255.95±0.63e

	Ca
	66.65±0.21c
	64.70±0.28d
	78.80±0.42b
	81.15±0.35a
	 28.76±0.03f
	 46.70±0.28e

	Mg
	123.55±0.07c
	118.35±0.21d
	125.85±0.07b
	132.25±0.21a
	 55.44±0.13f
	 98.35±0.21e

	Fe
	1.13±0.03c
	1.26±0.02b
	1.42±0.03a
	1.04±0.01d
	  1.20±0.06bc
	1.06±0.02d

	Zn
	2.87±0.02b
	2.54±0.01d
	2.69±0.01c
	3.15±0.04a
	  0.90±0.01f
	1.54±0.01e

	
	
	
	
	
	
	


In each row, different superscripts are significantly different (P<0.05)
FBA 89.3714 OFSP;5.05507 Cowpea Leaves; 5.57348 Moringa leaves. FB6 88.85  OFSP; 7.50 Cowpea Leaves;3.65 Moringa Leaves, FBG 91.2613 OFSP;7.50 Cowpea Leaves; 1.23866 Moringa Leaves, FB8 89.8382, 2.66176 Cowpea Leaves;7.50 Moringa Leaves; NFB 100% Wheat flour; UFP – 100% Sweet Potato (OFSP)
Antinutrient Composition of OFSP-CL-ML Flour Blends
Antinutrient factors (Table 4) influence the bioavailability of nutrients, safety, and functional health properties of blended flour formulations, warranting careful attention in functional food processing for chronic disease prevention and nutrition security (Oluwajuyitan and Ijarotimi, 2019; Alabi et al., 2025). The antinutrient levels in the OFSP-CL-ML blends are within acceptable ranges that will not impair their intended functional roles. Tannin content, which affects protein digestibility and mineral availability, was highest in FBG (5.65 mg/g), followed by FB8 (5.26 mg/g), FB6 (5.10 mg/g), and FBA (4.77 mg/g). While these levels are higher than wheat flour (NFB), they stay within human tolerance limits (Rani et al., 2021) and may help contribute to antioxidant activity, supporting oxidative stress prevention - a vital aspect in reducing the risk of chronic diseases (Abdel-Latif, 2021).
Saponin content was appreciable, with FBG (10.86 mg/g) and FB8 (10.62 mg/g) showing the highest values, followed by FBA (10.26 mg/g) and FB6 (9.56 mg/g). Beyond their potential bitterness and impact on protein digestibility, saponins exhibit hypocholesterolemic, immunomodulatory, and anticancer activities, underscoring their value in the health-promoting potential of these blends (Bouzier et al., 2023). The high saponin levels in FBG and FB8 may contribute synergistically to cholesterol-lowering and immune enhancement when incorporated into functional cookies.

Phenolic content, vital for antioxidant activity, was high across all blends (FB8: 12.92 mg/g > FBG: 12.64 mg/g > FBA: 12.36 mg/g > FB6: 11.96 mg/g). These results align with previous findings on OFSP, CL, and ML as rich phenolic sources, indicating the blends’ capacity to achieve significant free radical scavenging in functional food matrices (Saini et al., 2022). This high phenolic profile further enhances the therapeutic potential of the blends for managing oxidative stress-linked chronic diseases in cookies designed to retain polyphenolic compounds.

Table 4: Antinutrient composition of the flour blend from OFSP, CL, and ML
	
	FBA
	FB6
	FBG
	FB8
	NFB
	UFP

	Tannin (mg/g)
	4.77±0.21c
	5.10±0.09bc
	5.65±0.08a
	5.26±0.09b
	0.08±0.00d
	5.08±0.001bc

	Saponin (mg/g)
	10.26±0.06b
	9.56±0.11c
	10.86±0.02a
	10.62±0.12a
	0.86±0.05d
	10.18±0.20bc

	Phenol (mg/g)
	12.36±0.10b
	11.96±0.09c
	12.64±0.09ab
	12.92±0.17a
	10.12±0.04d
	8.92±0.02e

	Alkaloid (%)
	6.15±0.08c
	7.35±0.19b
	8.03±0.08a
	7.62±0.75b
	      ND
	5.43±0.02d

	Phytate (mg/g)
	3.82±0.00d
	2.74±0.49e
	4.93±0.28c
	4.00±0.30c
	45.49±0.04a
	7.65±0.02b

	Oxalate
	0.22±0.01d
	0.31±0.01cd
	0.32±0.01cd
	0.41±0.00c
	2.20±0.03a
	1.07±0.01b


In each row, different superscripts are significantly different (P<0.05)
FBA: 89.3714% OFSP; 5.05507% Cowpea Leaves; 5.57348% Moringa leaves. 
FB6: 88.85%  OFSP; 7.50% Cowpea Leaves; 3.65% Moringa Leaves, 
FBG: 91.2613% OFSP; 7.50% Cowpea Leaves; 1.23866% Moringa Leaves, 
FB8: 89.8382% OFSP; 2.66176% Cowpea Leaves; 7.50% Moringa Leaves
NFB 100% Wheat flour; UFP – 100% Sweet Potato (OFSP)
ND – Not Detected
integrity post-baking (Shahidi and Yeo, 2018).
Alkaloid concentrations ranged from 8.03% in FBG (sample containing 91.26% orange-fleshed sweet potato, 7.50% cowpea leaves, and 1.24% moringa leaves) to 6.15% in FBA (sample containing 89.37% orange-fleshed sweet potato, 5.05% cowpea leaves, and 5.57% moringa leaves), with FB6 (7.35%) and FB8 (7.62%) maintaining consistent levels. Alkaloids are known for antimicrobial, antihypertensive, and hypoglycemic actions, contributing to the functional health quality of these blends, with these levels being safe and non-toxic for human consumption (Firrman et al., 2022).
Phytate levels were low in the blends (sample containing 91.26 orange flesh sweet potato; 7.50 cowpea Leaves; 1.24 moringa leaves (FBG: 4.93 mg/g), sample containing 89.84 orange flesh sweet potato; 2.66 cowpea leaves; 7.50 moringa leaves (FB8: 4.00 mg/g), sample containing 89.37 orange flesh sweet potato; 5.06 cowpea leaves; 5.57 moringa leaves (FBA: 3.82 mg/g), and 88.85  orange flesh sweet potato; 7.50 cowpea leaves; 3.65 moringa leaves (FB6: 2.74 mg/g) compared to wheat flour (45.49 mg/g), indicating enhanced mineral bioavailability in orange flesh sweet potato, cowpea leaves, moringa leaves formulations. Since phytates can chelate Fe, Zn, and Ca, reducing their bioavailability (Gibson et al., 2020), the low phytate levels found in these blends align with the high mineral bioavailability profiles reported, enhancing their nutritional potential in functional cookies for populations at risk of micronutrient deficiencies (Tura et al., 2023).

Oxalate content, which may precipitate insoluble calcium complexes, was low across blends (0.22–0.41 mg/g), with FB8 (sample containing 89.84% orange flesh sweet potato, 2.66% cowpea leaves, and 7.50% moringa leaves) recording a slightly higher level (0.41 mg/g) but remaining far below wheat flour (2.20 mg/g) and 100% orange flesh sweet potato (1.07 mg/g). These low levels translate into negligible risk for oxalate-related issues such as kidney stone formation while maintaining nutritional integrity in the blends (Stepanova et al., 2023). The controlled antinutrient levels contribute to antioxidant, hypoglycemic, and hypocholesterolemic activities, enhancing functional health properties without compromising mineral bioavailability and safety (Tanwar et al., 2018). All the samples align with the objectives of functional food design, offering bioactive functionalities, safety, and health benefits against chronic disease prevention within sustainable, health-based food systems.

Antioxidant Properties of the Flour Blend from OFSP-Cowpea-Moringa Leaves
Antioxidant activity of OFSP–cowpea–moringa composite flour blends (FBA, FB6, FBG, FB8) is provided in Table 5, emphasising their functional potential for management of chronic disease in sustainable food systems. FB8 contained the highest lycopene content at 7.31 mg/kg, followed by FBA (6.52 mg/kg), FB6 (5.35 mg/kg), and FBG (4.71 mg/kg), which were greatly lower compared to NFB (16.77 mg/kg) and UFS (13.28 mg/kg). 

The lower lycopene values in the blends also match the lower proportion of OFSP and the inclusion of green leaves into the blends with lower lycopene concentrations. In comparison to the work by Dehghan-Shoar et al. (2010)), where they achieved 2.2-4.6 mg/kg lycopene in extruded snacks enriched with tomato lycopene, the present values are higher, which shows their superiority as a functional food component. Yet, lycopene content noted remains at working levels of functional contributions in composite foods (Ilahy et al., 2018).

TPC ranged between 13.25 mg/kg in FBG and 13.07 mg/kg in FBA, significantly higher than the NFB (4.02 mg/kg) and UFS (2.61 mg/kg). The results are in line with the enrichment ability of moringa and cowpea leaves, which are polyphenolic in nature and high in contribution levels (Saini et al., 2016). Compared to Palos-Hernández et al. (2024), where 18.4 mg/g TPC was observed in moringa leaf-based enriched snacks, the findings in the present work are lower, likely due to the dilution by OFSP in composite blends, but sufficient to provide functional antioxidant activity in diet interventions. The flavonoids were most abundant in FB8 (2.46 mg/kg), followed by FB6 (2.40 mg/kg), FBA (2.31 mg/kg), and FBG (2.19 mg/kg). These contents are well above NFB (1.60 mg/kg) and UFS (0.12 mg/kg), verifying the successful incorporation of flavonoids in cowpea and moringa leaves. Against Li et al. (2019), who detected 3.2 mg/kg in polyphenol-rich snacks, the flavonoid content herein is lower but still reflects compositional equilibria in the blends to support flavonoid-related antioxidative and anti-inflammatory activities.

Carotene levels were highest in FB8 and FBA (12.27 mg/kg) followed by FB6 (12.02 mg/kg) and FBG (11.71 mg/kg), at much greater rates than NFB (0.30 mg/kg) and UFS (0.28 mg/kg). The elevated carotene levels are consistent with OFSP and moringa leaf addition, both rich in β-carotene, according to Rodriguez-Amaya (2016), where 15.8 mg/kg was indicated in moringa-
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	 Samples
	FBA
	FB6
	FBG
	FB8
	NFB
	UFS


	
	
	
	
	
	
	

	Lycopene (mg/kg)
	6.52±0.28d
	5.35±0.42e
	4.71±0.53f
	7.31±0.25c
	16.77 ± 0.29a
	13.28 ± 0.23b

	Phenol (mg GAE/g)
	13.07±0.05b
	13.13±0.05b
	13.25±0.05a
	13.16±0.05ab
	4.02 ± 0.07c
	2.61 ± 0.04d

	Flavonoid mg (QE)/g
	2.31±0.01c
	2.40±0.01b
	2.19±0.00d
	2.46±0.01a
	1.60 ± 0.03e
	0.12 ± 0.00f

	Carotene (mg/kg)
	12.27±0.03a
	12.02±0.03b
	11.71±0.02c
	12.27±0.03a
	0.30 ± 0.01d
	0.28 ± 0.00d

	Carotene (mg/kg)
	12.27±0.03a
	12.02±0.03b
	11.71±0.02c
	12.27±0.03a
	0.30 ± 0.01d
	0.28 ± 0.00d

	ABTS (%)
	47.96±1.77e
	70.05±0.50c
	56.34±2.03d
	87.66±0.45a
	69.54 ± 1.02c
	74.37 ± 0.77b

	FRAP mg (Vit. C)/g
	4.78±0.20ab
	4.18±0.03c
	4.95±0.11a
	4.64±0.09b
	4.63 ± 0.13b
	4.55 ± 0.08bc

	Fe2+ Chelation (%)
	49.54±0.85c
	45.41±0.92d
	42.62±0.97e
	52.34±0.80b
	60.15 ± 0.68a
	50.50 ± 0.84c

	OH Radicals (%)
	60.25±0.67e
	66.64±0.56d
	57.19±0.72f
	76.09±0.40b
	71.10 ± 0.49c
	77.21 ± 0.40a

	DPPH (%)
	82.33±1.57a
	82.68±1.57a
	83.37±1.58a
	84.05±1.60a
	70.71 ± 1.36b
	85.57 ± 1.64a

	NO Radicals (%)
	48.76±0.93b
	46.84±0.58c
	50.46±0.96a
	46.75±0.89c
	51.16 ± 0.98a
	48.45 ± 0.94b

	TBARS (mcq/kg)
	0.0008±0.00b
	0.0005±0.00c
	0.0004±0.00d
	0.0010±0.00a
	0.00128 ± 0.00002a
	0.00069 ± 0.00001


In each row, different superscripts are significantly different (P<0.05)
FBA: 89.3714% OFSP; 5.05507% Cowpea Leaves; 5.57348% Moringa leaves. 
FB6: 88.85%  OFSP; 7.50% Cowpea Leaves; 3.65% Moringa Leaves, 
FBG: 91.2613% OFSP; 7.50% Cowpea Leaves; 1.23866% Moringa Leaves, 
FB8: 89.8382% OFSP; 2.66176% Cowpea Leaves; 7.50% Moringa Leaves
NFB 100% Wheat flour; 
UFP – 100% Sweet Potato (OFSP)




fortified food, while the current values demonstrate effective carotenoid delivery from composite blends for provitamin A intake among risk groups.

The highest ABTS radical scavenging activity was in FB8 (87.66%), followed by FB6 (70.05%), UFS (74.37%), FBG (56.34%), and FBA (47.96%), with evidence of synergy between the polyphenols and carotenoids in the blends. The high ABTS content of the samples showed that the samples, particularly FB8, will help scavenge reactive radicals in the body when consumed, thereby helping against cancer and inflammation (Gulcin et al. 2020).

FRAP values as indicators of reducing power were highest in FBG (4.95), followed by FBA (4.78), FB8 (4.64 mg (Vit. C)/g), and FB6 (4.18 mg (Vit. C)/g), as indicated by the phenolic content of the blends. The FRAP values are comparable to those of Adejobi et al. (2024), with a range of FRAP values of 3.08-23.67 mg/g in functional snack matrices, indicating good reducing power that can scavenge for oxidative species in biological systems.

Chelation ability of Fe²⁺ was strongest in FB8 (52.34%), followed by FBA (49.54%), FB6 (45.41%), and FBG (42.62%). Moderate iron-chelating activities agree with the findings of Ibrahim et al. (2021), who highlighted the function of moderate iron chelation in managing oxidative stress without compromising the bioavailability of iron.
Hydroxyl radical scavenging activity was strongest in FB8 (76.09%), then FB6 (66.64%), FBA (60.25%), and FBG (57.19%). Compared to Pisoschi and Pop (2015), who observed 80% hydroxyl radical scavenging in antioxidant-enriched snacks, the values from this study indicate a high ROS mitigation capacity for the blends.

DPPH activity against radicals was generally high across all blends (82.33%–84.05%), with FB8 having the highest at 84.05%. This high DPPH activity across the board is consistent with Di-Lorenzo et al. (2020), where they attained 85% activity in polyphenol-fortified cookies, confirming the capacity of the blends to quench free radicals efficiently.
Nitric oxide (NO) radical inhibition was highest in FBG (50.46%), then FB8 (46.75%), FB6 (46.84%), and FBA (48.76%). The results conform to Gowder et al. (2020), who highlighted the application of NO radical inhibition as an anti-inflammatory functionality in functional food systems.

TBARS values, indicative of lipid peroxidation, were lowest in FBG (0.0004 mcq/kg), followed by FB6 (0.0005 mcq/kg), FBA (0.0008 mcq/kg), and highest in FB8 (0.0010 mcq/kg), indicating all lower than NFB (0.00128 mcq/kg), signifying successful oxidative stability of blends. The findings are in agreement with Ugoeze et al. (2025), who found that low levels of TBARS in functional cookies correspond to the lowest lipid oxidation in storage and consumption.

In Vitro Enzyme Inhibition of OFSP-CL-ML Flour Blends
Enzyme inhibitory activity and digestibility profiles of composite flours are primary determinants of their potential antidiabetic functionality, as they directly influence postprandial glycemic response and bioavailability of protein (Mirmiran et al., 2021). These parameters are presented in Figure 1. The OFSP–cowpea–moringa leaves flour blends (FBA, FB6, FBG, FB8) exhibit considerable differences in α-amylase and α-glucosidase inhibitory activities, protein digestibility, and starch digestibility, reflecting their diverse potential for managing type 2 diabetes and metabolic syndromes.



Figure 1: α-Amylase and α-Glucosidase Inhibition of the Flour Blend from OFSP-Cowpea-Moringa Leaves
FBA: 89.3714% OFSP; 5.05507% Cowpea Leaves; 5.57348% Moringa leaves. 
FB6 88.85 OFSP; 7.50 Cowpea Leaves; 3.65 Moringa Leaves, 
FBG: 91.2613% OFSP; 7.50% Cowpea Leaves; 1.23866% Moringa Leaves, 
FB8: 89.8382% OFSP; 2.66176% Cowpea Leaves; 7.50% Moringa Leaves
NFB 100% Wheat flour; UFP – 100% Sweet Potato (OFSP)

α-Amylase inhibitory activity was highest in FB6 (29.22%), slightly lower in FBG (28.56%) and FBA (28.32%), and modestly lower in FB8 (27.90%), yet all significantly higher than wheat flour (NFB, 22.26%) and 100% OFSP (UFP, 26.56%). Strong α-amylase inhibition indicates these blends effectively reduce starch hydrolysis in the upper gastrointestinal tract, slowing glucose release and absorption, a key mechanism in glycemic control (Li et al., 2022; Wang et al., 2022). These inhibition levels align with studies demonstrating that polyphenol- and fibre-enriched composite flours can modulate carbohydrate metabolism, supporting postprandial glycemic control (Shahidi and Danielski, 2024).
α-Glucosidase inhibition, which delays glucose absorption in the small intestine, was highest in FBG (67.88%), significantly higher than in FBA (43.06%) and FB6 (43.91%), with FB8 (28.21%) lower but comparable to UFP. The outstanding inhibition in FBG suggests high functional bioactivity, likely due to its elevated phenolic and saponin contents (Saini et al., 2022). This positions FBG-based cookies as effective dietary interventions to reduce postprandial hyperglycemia, aligning with functional food strategies for diabetes prevention and management (Vlachos et al., 2020). The strong α-glucosidase inhibition in FBG shows its value to retard carbohydrate breakdown in the small intestine and reduce postprandial hyperglycemia (Pasmans et al., 2022). The demonstrated antidiabetic activity of FBG may be attributed to its high phenolic and saponin content in line with polyphenol-rich formulations as interveners in carbohydrate metabolism for diabetes prevention and treatment (Islam et al., 2022). 
CONCLUSION
The study revealed that the incorporation of orange-fleshed sweet potato, cowpea, and moringa leaves into composite flour blends and fermentation may enhance the nutritional, functional, and bioactive properties of their flour blends or products produced from them significantly. Fermentation enhanced protein quality, reduced antinutritional factors, and enhanced phenolic and antioxidant bioavailability, particularly for cowpea and moringa leaves. The composite flours that were prepared exhibited acceptable proximate. FBA, FB6, FBG, and FB8 outperformed other blend ratios in terms of crude proteins, fibre, and ash, but at the cost of not sacrificing energy levels, and hence are appropriate for consumption by undernourished persons as well as metabolically healthy therapy in patients. The alpha amylase and alpha-glucosidase inhibition were higher in the optimised blends, revealing their potential in the management of cardiovascular diseases. The findings revealed the potential of local crops with untapped potential to combat malnutrition, degenerative diseases, secret hunger, and sustainable agriculture through producing high-value-added products.
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