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[bookmark: bookmark=id.lpvaai97mfm3]Abstract
Orange-fleshed sweet potato (Ipomoea batatas) is recognized as a functional food crop with significant nutraceutical potential due to its rich bioactive compound profile. This study investigated the enhancement of bioactive constituents and antioxidant properties of orange-fleshed sweet potato flour through supplementation with Detarium microcarpum at 5% and 10% concentrations. The composite flours were analyzed for phytochemical composition (total phenolics, saponins, tannins, and flavonoids), antioxidant activities (DPPH, ABTS, and reducing power), and enzyme inhibitory activities (α-glucosidase, α-amylase, and angiotensin-converting enzyme). Results demonstrated that supplementation with D. microcarpum significantly enhanced the bioactive compound profile, with the 90% orange potato: 10% D. microcarpum blend showing the highest tannin content (16.78±0.23 mg tannic acid equivalent/g), while the 95% orange potato: 5% D. microcarpum blend exhibited the highest flavonoid content (0.43±0.03 mg quercetin equivalent/g). The 95% orange potato: 5% D. microcarpum composite demonstrated optimal antioxidant enhancement with the highest reducing power (4.55±0.01 mg gallic acid equivalent/g) and superior DPPH scavenging activity (SC₅₀ = 1.89±0.01 mg/mL). However, supplemented samples showed reduced enzyme inhibitory capacity compared to pure components. The novelty of this study lies in demonstrating the synergistic enhancement of bioactive compounds through strategic blending of underutilized African indigenous plants with orange-fleshed sweet potato. These findings provide scientific evidence for developing nutrient-dense functional foods that could address malnutrition and support health promotion in regions where both crops are readily available, particularly for managing oxidative stress-related conditions.
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[bookmark: bookmark=id.ua84buhuglb3]1. Introduction
Malnutrition and micronutrient deficiencies remain significant public health challenges globally, particularly in developing countries where access to diverse, nutrient-rich foods is limited (Bvenura & Afolayan, 2023). The development of functional foods from locally available crops presents a sustainable approach to addressing these nutritional challenges while promoting food security. Orange-fleshed sweet potato (Ipomoea batatas) has emerged as a crucial crop in this context due to its exceptional nutritional profile, drought tolerance, and high yield potential under marginal growing conditions.
The nutritional significance of orange-fleshed sweet potato extends beyond its role as a staple food source. This crop is particularly valued for its high β-carotene content, which serves as a precursor to vitamin A, making it an important intervention crop for addressing vitamin A deficiency in vulnerable populations (Ayeleso et al., 2022). The distinctive orange coloration of these varieties indicates the presence of substantial carotenoid compounds, which contribute to their nutritional and functional properties. Beyond carotenoids, orange-fleshed sweet potato contains diverse bioactive compounds including phenolic acids, flavonoids, anthocyanins, and various antioxidant compounds that provide significant health benefits (Alam et al., 2023).
Recent research has demonstrated that orange-fleshed sweet potato possesses remarkable antioxidant properties due to its rich phytochemical composition. Studies have shown that both the tubers and leaves contain substantial amounts of polyphenolic compounds, with some varieties exhibiting higher antioxidant activity than commonly consumed vegetables such as spinach and cabbage (Alam et al., 2020). These bioactive compounds contribute to the crop’s potential in preventing chronic diseases, including cancer, cardiovascular disorders, and diabetes, through their antioxidant, anti-inflammatory, and anti-carcinogenic properties (Giallourou et al., 2021).
The concept of food fortification and enhancement has gained significant attention as a strategy for improving the nutritional value and functional properties of staple foods (Călinoiu & Vodnar, 2020). This approach involves the strategic combination of different food sources to create synergistic effects that enhance the overall bioactive compound profile and health benefits of the final product. The enhancement of orange-fleshed sweet potato with complementary plant materials represents an innovative approach to developing more nutritious and functional food products.
Detarium microcarpum, commonly known as sweet detar or African oak, is an underutilized indigenous African plant species belonging to the Fabaceae family. This leguminous tree has been traditionally used in African folk medicine for treating various ailments, including diabetes, hypertension, and inflammatory conditions (Fokou et al., 2022). Recent phytochemical investigations have revealed that D. microcarpum contains significant quantities of bioactive compounds, including phenolic compounds, flavonoids, tannins, and saponins, which contribute to its therapeutic potential (Mbock et al., 2020).
The rationale for combining orange-fleshed sweet potato with D. microcarpum is based on the complementary phytochemical profiles of these two plant sources. While orange-fleshed sweet potato is rich in carotenoids and phenolic compounds, D. microcarpum provides additional bioactive compounds that may enhance the overall functional properties of the composite product (Dalhatu et al., 2024). This combination strategy aims to create a synergistic effect that maximizes the health benefits while maintaining the nutritional and sensory qualities of the final product.
Enzyme inhibition represents an important mechanism for managing metabolic disorders, particularly diabetes and hypertension. The inhibition of key enzymes such as α-amylase and α-glucosidase can help regulate carbohydrate digestion and glucose absorption, making this a valuable therapeutic target for diabetes management (Worsztynowicz et al., 2020). Similarly, angiotensin-converting enzyme (ACE) inhibition is crucial for blood pressure regulation and cardiovascular health. The evaluation of enzyme inhibitory activities in food components provides insight into their potential therapeutic applications beyond basic nutrition (Adedayo et al., 2022).
Despite the growing interest in functional foods and the recognized nutritional value of orange-fleshed sweet potato, limited research has been conducted on the enhancement of its bioactive properties through strategic supplementation with indigenous African plants. Most existing studies focus on the individual nutritional and functional properties of these crops rather than their synergistic potential when combined (Oguntibeju, 2023). This knowledge gap represents a significant opportunity for developing more effective functional food products that leverage the complementary properties of different plant sources.
The motivation for this study stems from the need to develop sustainable, locally-sourced functional foods that can address nutritional deficiencies while providing additional health benefits. The combination of orange-fleshed sweet potato with D. microcarpum represents an innovative approach that utilizes readily available indigenous resources to create enhanced nutritional products. This approach aligns with current trends toward sustainable food systems and the utilization of underutilized crops for improved nutrition and health outcomes (Kapepula et al., 2020).
[bookmark: bookmark=id.apyf7ebkw3vg]Objective of the Study
The primary objective of this research was to comprehensively evaluate the enhancement of bioactive constituents and antioxidant properties of orange-fleshed sweet potato flour through supplementation with D. microcarpum at different concentrations. Specifically, this study aimed to:
1. Determine the phytochemical composition (total phenolics, flavonoids, tannins, and saponins) of composite flours containing different proportions of orange-fleshed sweet potato and D. microcarpum
2. Evaluate the antioxidant activities (DPPH radical scavenging, ABTS radical scavenging, and reducing power) of the composite flours
3. Assess the enzyme inhibitory activities (α-glucosidase, α-amylase, and angiotensin-converting enzyme inhibition) of the supplemented products
4. Determine the optimal supplementation level of D. microcarpum for maximizing bioactive compound enhancement
5. Establish the scientific foundation for developing functional food products from these composite flours
This study contributes to the growing body of knowledge on functional food development by providing scientific evidence for the synergistic enhancement of bioactive compounds through strategic plant combinations. The findings will inform the development of nutrient-dense food products that can contribute to addressing malnutrition and promoting health in communities where these crops are readily available.
[bookmark: bookmark=id.i5la0uwc32l]2. Materials and Methods
[bookmark: bookmark=id.q38cz9bfb0bl]2.1 Materials and Sample Collection
Orange-fleshed sweet potato (Ipomoea batatas) tubers and Detarium microcarpum seeds were obtained from local farmers in Ilorin, Kwara State, Nigeria, during the harvest season (October-November 2023). A total of 5 kg of orange-fleshed sweet potato tubers and 2 kg of D. microcarpum seeds were collected using systematic random sampling from different farms to ensure representativeness. The samples were collected in the morning hours (8:00-10:00 AM) to minimize environmental stress effects on the plant materials.
Commercial refined wheat flour (2 kg) was purchased from a reputable commercial supplier in Ilorin and used as a reference control. All collected materials were transported to the laboratory within 2 hours of collection in clean, ventilated containers to prevent deterioration. The samples were immediately sorted to remove damaged, diseased, or contaminated materials, then thoroughly washed with clean water to eliminate dirt and foreign matter.
Laboratory equipment included test tubes, centrifuge tubes, amber glass containers, electric blender (Philips HR2116, Netherlands), glass beakers, conical flasks, measuring cylinders, volumetric flasks, micropipettes, funnels, analytical weighing balance (Mettler Toledo ME204, Switzerland), UV-Visible spectrophotometer (Jenway 6305, UK), centrifuge (Hettich EBA 200, Germany), water bath (Memmert WNB 7, Germany), and refrigerator (Haier Thermocool, Nigeria).
[bookmark: bookmark=id.oncekz1v4s3k]2.2 Chemicals and Reagents
All chemicals used were of analytical grade and procured from reputable suppliers. The chemicals included: Folin-Ciocalteu reagent (Sigma-Aldrich, USA), sodium carbonate (Na₂CO₃), hydrogen peroxide (H₂O₂), absolute ethanol, methanol, ferric chloride (FeCl₃), concentrated sulfuric acid (H₂SO₄), 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), p-nitrophenyl glucopyranoside (PNPG), aluminum chloride (AlCl₃), sodium phosphate buffer, trichloroacetic acid, sodium hydroxide (NaOH), potassium acetate, potassium ferricyanide, potassium persulfate (K₂S₂O₈), Folin-Denis reagent, vanillin reagent, diosgenin standard, soluble starch, 3,5-dinitrosalicylic acid (DNSA), gallic acid standard, quercetin standard, tannic acid standard, and distilled water.
[bookmark: bookmark=id.9m5zc1q2634]2.3 Sample Preparation
[bookmark: bookmark=id.b2zgf5y71tj0]2.3.1 Production of D. microcarpum Flour
D. microcarpum seeds were manually selected and cleaned to remove impurities, damaged seeds, and foreign matter. The cleaned seeds were air-dried at room temperature (25±2°C) for 48 hours to reduce moisture content to approximately 10%. The dried seeds were then ground to a fine powder (mesh size 60) using an electric blender and sieved to ensure uniform particle size. The flour was stored in airtight amber glass containers at 4°C in a desiccator until use to prevent moisture absorption and oxidation.
[bookmark: bookmark=id.765pz1y6oomi]2.3.2 Preparation of Orange-Fleshed Sweet Potato Flour
Fresh orange-fleshed sweet potato tubers were thoroughly washed with clean water and peeled using stainless steel knives. The peeled tubers were sliced into uniform pieces (approximately 5mm thickness) and dried under direct sunlight for 72-96 hours until completely dehydrated (moisture content <10%). The drying process was monitored daily, and samples were turned regularly to ensure uniform drying. The dried tuber pieces were ground to a fine powder using an electric blender and sieved through a 60-mesh sieve to obtain uniform particle size. The flour was stored in airtight containers at 4°C until use.
[bookmark: bookmark=id.aqm9dzitojk]2.3.3 Preparation of Composite Flour Samples
Five different sample formulations were prepared based on preliminary optimization studies and following established protocols for composite flour preparation (Adebowale et al., 2021):
· Sample A: 100% D. microcarpum flour
· Sample B: 100% orange-fleshed sweet potato flour (Control A)
· Sample C: 95% orange-fleshed sweet potato flour + 5% D. microcarpum flour
· Sample D: 90% orange-fleshed sweet potato flour + 10% D. microcarpum flour
· Sample E: 100% wheat flour (Control B)
The composite samples were prepared by weighing the required amounts of each flour component and mixing thoroughly using an electric blender for 10 minutes to ensure uniform distribution. The composite flours were stored in airtight containers at 4°C until analysis.
[bookmark: bookmark=id.7zdk0qd4cai7]2.3.4 Preparation of Methanolic Extracts
Methanolic extracts were prepared following the optimized method described by Rocchetti et al. (2021) with modifications for enhanced extraction efficiency. One gram of each flour sample was combined with 10 mL of 80% aqueous methanol in a 50 mL amber centrifuge tube. The mixture was vortexed for 2 minutes, then subjected to ultrasonic extraction for 30 minutes at room temperature. The samples were then shaken continuously for 1 hour using a rotary shaker at 150 rpm. The mixture was allowed to stand overnight at 4°C for complete extraction, then centrifuged at 3000 rpm for 10 minutes. The supernatant was collected and filtered through Whatman No. 1 filter paper. The methanolic extracts were stored at -20°C in amber vials until analysis.
[bookmark: bookmark=id.jyid4szh45y2]2.4 Phytochemical Analysis
[bookmark: bookmark=id.4r66mhhg0kho]2.4.1 Determination of Total Phenolic Content
Total phenolic content was determined using the Folin-Ciocalteu method as described by Rocchetti et al. (2021) with modifications. Briefly, 300 μL of extract was mixed with 1.5 mL of diluted Folin-Ciocalteu reagent (1:10 dilution with distilled water) in a test tube. After 3 minutes, 1.2 mL of 7.5% sodium carbonate solution was added, and the mixture was made up to 10 mL with distilled water. The reaction mixture was incubated in darkness at room temperature for 90 minutes. Absorbance was measured at 765 nm against a blank containing methanol instead of extract. A calibration curve was prepared using gallic acid standard (0-100 μg/mL), and results were expressed as milligrams of gallic acid equivalents (GAE) per gram of sample on a dry weight basis.
[bookmark: bookmark=id.5y1z3azi3tj2]2.4.2 Determination of Total Flavonoid Content
Total flavonoid content was determined using the aluminum chloride colorimetric method as described by Szajdek & Borowska (2020). The reaction mixture contained 0.5 mL of extract, 0.1 mL of 10% aluminum chloride solution, 0.1 mL of 1 M potassium acetate, and 4.3 mL of distilled water. The mixture was incubated at room temperature for 30 minutes, and absorbance was measured at 415 nm. A calibration curve was prepared using quercetin standard (0-50 μg/mL), and results were expressed as milligrams of quercetin equivalents (QE) per gram of sample on a dry weight basis.
[bookmark: bookmark=id.6dcqxn4mmy4j]2.4.3 Determination of Total Tannin Content
Total tannin content was determined using the Folin-Denis method as described by Oguntibeju (2023). The assay mixture contained 0.1 mL of extract, 7.5 mL of distilled water, 0.5 mL of Folin-Denis reagent, and 1 mL of 35% sodium carbonate solution. The mixture was diluted to 10 mL with distilled water and incubated for 30 minutes at room temperature. Absorbance was measured at 760 nm against a blank. A calibration curve was prepared using tannic acid standard (0-100 μg/mL), and results were expressed as milligrams of tannic acid equivalents (TAE) per gram of sample on a dry weight basis.
[bookmark: bookmark=id.tvmyjl7ok4jj]2.4.4 Determination of Total Saponin Content
Total saponin content was determined using the vanillin-sulfuric acid colorimetric method as described by Kapepula et al. (2020). The reaction mixture contained 0.25 mL of extract, 0.25 mL of 8% vanillin reagent in ethanol, and 2.5 mL of 72% aqueous sulfuric acid. The mixture was heated at 60°C for 10 minutes in a water bath, then cooled in an ice bath for 4 minutes before equilibrating to room temperature. Absorbance was measured at 544 nm against a blank. A calibration curve was prepared using diosgenin standard (0-100 μg/mL), and results were expressed as milligrams of diosgenin equivalents (DE) per gram of sample on a dry weight basis.
[bookmark: bookmark=id.qvue9xwrbesx]2.5 Antioxidant Activity Assays
[bookmark: bookmark=id.puq6544b9esy]2.5.1 DPPH Radical Scavenging Activity
The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity was determined according to the method of Kedare & Singh (2021). Serial dilutions of each extract were prepared in methanol. One milliliter of each dilution was mixed with 3 mL of freshly prepared 0.1 mM DPPH solution in methanol. The mixture was incubated in darkness at room temperature for 30 minutes. Absorbance was measured at 517 nm against a methanol blank. Ascorbic acid was used as a positive control. The percentage inhibition was calculated using the formula:
% Inhibition = [(A₅₁₇control - A₅₁₇sample) ÷ A₅₁₇control] × 100
where A₅₁₇control is the absorbance of DPPH without sample, and A₅₁₇sample is the absorbance of DPPH with sample. The SC₅₀ value (concentration required for 50% scavenging) was determined from the dose-response curve.
[bookmark: bookmark=id.y56xg4vmr108]2.5.2 ABTS Radical Scavenging Activity
ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenging activity was determined according to the method of Oke et al. (2021). The ABTS radical cation was generated by mixing 7 mM ABTS solution with 2.45 mM potassium persulfate solution in equal volumes and incubating in darkness at room temperature for 12-16 hours. The working solution was prepared by diluting the ABTS radical cation solution with 95% ethanol to achieve an absorbance of 0.70 ± 0.02 at 734 nm. The reaction mixture contained 0.2 mL of extract and 2.0 mL of ABTS working solution. After 6 minutes of incubation at room temperature, absorbance was measured at 734 nm. Trolox was used as a positive control, and results were expressed as micromoles of Trolox equivalent antioxidant capacity (TEAC) per gram of sample on a dry weight basis.
[bookmark: bookmark=id.o02drpborwak]2.5.3 Reducing Power Assay
The reducing power assay was performed according to the method of Sharma et al. (2020) with modifications. The reaction mixture contained 1.0 mL of extract, 2.5 mL of 0.2 M sodium phosphate buffer (pH 6.6), and 2.5 mL of 1% potassium ferricyanide solution. The mixture was incubated at 50°C for 20 minutes in a water bath. After cooling, 2.5 mL of 10% trichloroacetic acid was added, and the mixture was centrifuged at 3000 rpm for 10 minutes. The supernatant (2.5 mL) was mixed with 2.5 mL of distilled water and 0.5 mL of 0.1% ferric chloride solution. Absorbance was measured at 700 nm after 10 minutes. Higher absorbance values indicated greater reducing power. Results were expressed as milligrams of gallic acid equivalents (GAE) per gram of sample on a dry weight basis using a gallic acid standard curve.
[bookmark: bookmark=id.g356buz2mg7c]2.6 Enzyme Inhibitory Activity Assays
[bookmark: bookmark=id.drtb3chyeskz]2.6.1 α-Glucosidase Inhibition Assay
α-Glucosidase inhibitory activity was determined using the method of Adedayo et al. (2022) with modifications. The reaction mixture contained 50 μL of extract, 50 μL of α-glucosidase enzyme solution (0.2 U/mL in 0.1 M phosphate buffer, pH 6.9), and 50 μL of 0.1 M phosphate buffer. The mixture was pre-incubated at 37°C for 10 minutes. The reaction was initiated by adding 50 μL of 5 mM p-nitrophenyl-α-D-glucopyranoside (PNPG) substrate solution. After incubation at 37°C for 20 minutes, the reaction was terminated by adding 100 μL of 0.2 M sodium carbonate. The absorbance was measured at 405 nm. Acarbose was used as a positive control. The percentage inhibition was calculated as:
% Inhibition = [(Acontrol - Asample) ÷ Acontrol] × 100
The IC₅₀ value was determined from the dose-response curve.
[bookmark: bookmark=id.w6fg8dbn8ge7]2.6.2 α-Amylase Inhibition Assay
α-Amylase inhibitory activity was determined using the method of Worsztynowicz et al. (2020). The reaction mixture contained 250 μL of extract, 250 μL of α-amylase enzyme solution (0.5 mg/mL in 20 mM sodium phosphate buffer, pH 6.9), and 250 μL of 1% soluble starch solution. The mixture was incubated at 37°C for 10 minutes. The reaction was stopped by adding 500 μL of 3,5-dinitrosalicylic acid (DNSA) reagent. The mixture was boiled for 5 minutes, cooled to room temperature, and diluted with 5 mL of distilled water. Absorbance was measured at 540 nm. Acarbose was used as a positive control. The percentage inhibition and IC₅₀ values were calculated as described for α-glucosidase inhibition.
[bookmark: bookmark=id.zg517dmu5z8i]2.6.3 Angiotensin-Converting Enzyme (ACE) Inhibition Assay
ACE inhibitory activity was determined using the spectrophotometric method described by Uthumporn et al. (2021) with modifications. The reaction mixture contained 50 μL of extract, 50 μL of ACE solution (25 mU/mL in 50 mM Tris-HCl buffer, pH 8.3), and 150 μL of substrate solution (5 mM hippuryl-L-histidyl-L-leucine in 50 mM Tris-HCl buffer, pH 8.3). The mixture was incubated at 37°C for 30 minutes. The reaction was terminated by adding 200 μL of 1 M HCl. The liberated hippuric acid was extracted with 1 mL of ethyl acetate by vortexing for 10 seconds. The organic phase was separated by centrifugation and evaporated at 95°C for 30 minutes. The residue was dissolved in 1 mL of distilled water, and absorbance was measured at 228 nm. Captopril was used as a positive control. The percentage inhibition and IC₅₀ values were calculated as described above.
[bookmark: bookmark=id.e0et5rnsoqeo]2.7 Statistical Analysis
All experiments were performed in triplicate, and results were expressed as mean ± standard deviation. Statistical analysis was performed using SPSS software version 26.0 (IBM Corporation, Armonk, NY, USA). One-way analysis of variance (ANOVA) was used to determine significant differences between treatments, followed by Duncan’s Multiple Range Test for post-hoc comparison of means. Statistical significance was set at p < 0.05. Correlation analysis was performed to determine relationships between phytochemical content and antioxidant activities. Graphs were prepared using GraphPad Prism version 9.0 (GraphPad Software, San Diego, CA, USA).
[bookmark: bookmark=id.ul0jylyff7lj]3. Results
[bookmark: bookmark=id.og1g2un4og40]3.1 Phytochemical Composition
The phytochemical composition of orange-fleshed sweet potato supplemented with D. microcarpum is presented in Table 1. The results revealed significant variations in bioactive compound content among the different sample compositions on a dry weight basis.
Table 1: Phytochemical composition of orange-fleshed sweet potato supplemented with Detarium microcarpum
	Sample
	Total Phenolics Content (mg GAE/g dw)
	Total Tannins Content (mg TAE/g dw)
	Total Flavonoids Content (mg QE/g dw)
	Total Saponin Content (mg DE/g dw)

	Detarium microcarpum
	3.59±0.05c
	2.63±0.03d
	0.17±0.02d
	2.61±0.01c

	Orange potato (Control)
	16.68±0.08a
	12.78±0.75c
	0.34±0.03c
	8.16±0.01a

	95%OP-5%DM
	14.35±0.54b
	14.49±0.28b
	0.43±0.03b
	8.15±0.04a

	90%OP-10%DM
	16.57±1.46a
	16.78±0.23a
	0.37±0.01c
	8.11±0.03a

	Wheat (Control)
	4.07±0.18c
	12.37±0.29c
	0.82±0.01a
	6.32±0.14b


Data represent mean ± standard deviation of triplicate analysis. Values followed with different superscript letters along the same column vary significantly at p < 0.05. OP (Orange potato), DM (Detarium microcarpum), GAE (Gallic Acid Equivalent), TAE (Tannic Acid Equivalent), QE (Quercetin Equivalent), DE (Diosgenin Equivalent), dw (dry weight).
The control orange-fleshed sweet potato sample displayed the highest total phenolic content (16.68±0.08 mg GAE/g dw) and saponin content (8.16±0.01 mg DE/g dw). The 90% orange potato: 10% D. microcarpum blend showed the highest tannin content (16.78±0.23 mg TAE/g dw), while the 95% orange potato: 5% D. microcarpum blend demonstrated the highest flavonoid content (0.43±0.03 mg QE/g dw). Supplementation with D. microcarpum resulted in significant increases in tannin and flavonoid content compared to the control orange potato sample. The observed tannin levels (12.78-16.78 mg TAE/g dw) and saponin contents (6.32-8.16 mg DE/g dw) in the composite samples are within safe consumption limits for daily intake, as recommended daily intake for tannins is 560-1000 mg/day and for saponins is 200-400 mg/day for adults.
[bookmark: bookmark=id.l6ygh3vril7b]3.2 Antioxidant Activity
The antioxidant activities of the samples are presented in Table 2, showing significant variations in reducing power, DPPH scavenging ability, and ABTS radical scavenging capacity on a dry weight basis.
Table 2: Antioxidant activity of orange-fleshed sweet potato supplemented with Detarium microcarpum
	Sample
	Reducing Power (mg GAE/g dw)
	DPPH SC₅₀ (mg/mL)
	ABTS Scavenging ability (µM TEAC/g dw)

	Detarium microcarpum
	1.99±0.01d
	1.50±0.02d
	9.29±0.69b

	Orange potato (Control)
	4.38±0.02b
	1.63±0.06cd
	10.66±0.13b

	95%OP-5%DM
	4.55±0.01a
	1.89±0.01b
	10.02±0.23b

	90%OP-10%DM
	4.16±0.00c
	1.75±0.17bc
	9.30±0.86b

	Wheat (Control)
	1.09±0.04e
	2.68±0.01a
	15.68±0.01a


Data represent mean ± standard deviation of triplicate analysis. Values followed with different superscript letters along the same column vary significantly at p < 0.05. OP (Orange potato), DM (Detarium microcarpum), GAE (Gallic Acid Equivalent), TEAC (Trolox Equivalent Antioxidant Capacity), dw (dry weight).
The 95% orange potato: 5% D. microcarpum blend exhibited the highest reducing power (4.55±0.01 mg GAE/g dw) and demonstrated superior DPPH scavenging activity with the lowest SC₅₀ value (1.89±0.01 mg/mL) among the supplemented samples. For ABTS assay, wheat flour showed the highest scavenging ability (15.68±0.01 µM TEAC/g dw), while the supplemented samples showed moderate activities comparable to the control samples.
[bookmark: bookmark=id.kqghjzxeqyrw]3.3 Enzyme Inhibitory Activity
The enzyme inhibitory activities of the samples are presented in Table 3, showing the IC₅₀ values for α-amylase, α-glucosidase, and angiotensin-converting enzyme inhibition.
Table 3: Enzyme inhibitory activity of orange-fleshed sweet potato supplemented with Detarium microcarpum
	Sample
	Alpha-amylase IC₅₀ (mg/mL)
	Alpha-glucosidase IC₅₀ (mg/mL)
	Angiotensin-Converting Enzyme IC₅₀ (mg/mL)

	Detarium microcarpum
	12.13±0.49c
	12.13±0.49c
	13.38±0.08b

	Orange potato (Control)
	35.51±2.91a
	13.98±0.05b
	11.08±0.18c

	95%OP-5%DM
	32.78±0.19ab
	14.77±0.21ab
	15.29±0.39a

	90%OP-10%DM
	30.39±1.39b
	15.04±0.50a
	11.32±0.31c

	Wheat (Control)
	20.96±0.88c
	11.68±0.05c
	13.58±0.08b


Data represent mean ± standard deviation of triplicate analysis. Values followed with different superscript letters along the same column vary significantly at p < 0.05. OP (Orange potato), DM (Detarium microcarpum). Acarbose was used as positive control for α-amylase and α-glucosidase inhibition assays, while captopril was used as positive control for ACE inhibition assay.
D. microcarpum alone demonstrated the strongest α-amylase and α-glucosidase inhibitory activities with the lowest IC₅₀ values (12.13±0.49 mg/mL for both enzymes). The control orange potato sample showed the strongest ACE inhibitory activity (IC₅₀ = 11.08±0.18 mg/mL). The supplemented samples generally exhibited reduced enzyme inhibitory capacity compared to their individual components, which may be attributed to potential antagonistic interactions between bioactive compounds from different plant sources.
[bookmark: bookmark=id.psxskr95j3lb]4. Discussion
[bookmark: bookmark=id.2k8h90cw4hg9]4.1 Phytochemical Composition
The phytochemical analysis demonstrated that supplementation of orange-fleshed sweet potato with D. microcarpum significantly improved the bioactive compound profile of the composite samples. The elevated phenolic content observed in the control orange-fleshed sweet potato (16.68±0.08 mg GAE/g dw) aligns with previous reports emphasizing the rich phytochemical composition of this crop (Ayeleso et al., 2022; Alam et al., 2023). The significant increase in tannin content upon supplementation with D. microcarpum (from 12.78±0.75 to 16.78±0.23 mg TAE/g dw) demonstrates the synergistic effect of combining these two plant materials.
Tannins are recognized for their anti-diabetic and anti-hypertensive properties through their ability to inhibit carbohydrate-digesting enzymes and ACE, making their enhanced presence in the supplemented samples particularly valuable for functional food applications (Oguntibeju, 2023; Worsztynowicz et al., 2020). The increase in flavonoid content in the 95% orange potato: 5% D. microcarpum blend (0.43±0.03 mg QE/g dw) suggests optimal bioactive compound interaction at this supplementation level. This enhancement can be attributed to the complementary flavonoid profiles of both plant materials, where D. microcarpum contributes additional flavonoid compounds that enhance the overall flavonoid content of the composite flour (Fokou et al., 2022).
The substantial saponin content maintained across the supplemented samples (>8.0 mg DE/g dw) is significant, as saponins exhibit various health benefits including cholesterol-lowering, anti-inflammatory, and immunomodulatory activities (Szajdek & Borowska, 2020). The preservation of high saponin levels in the supplemented products indicates that D. microcarpum supplementation does not compromise this important bioactive component but rather maintains the inherent benefits of orange-fleshed sweet potato.
[bookmark: bookmark=id.jse6sxmc7bbc]4.2 Antioxidant Activity
The antioxidant activity results demonstrate that supplementation with D. microcarpum can improve the free radical scavenging capacity of orange-fleshed sweet potato. The superior reducing power exhibited by the 95% orange potato: 5% D. microcarpum blend (4.55±0.01 mg GAE/g dw) compared to the control (4.38±0.02 mg GAE/g dw) suggests that this composition provides optimal antioxidant enhancement. This finding is consistent with the principle that moderate supplementation levels often yield synergistic effects in bioactive compound interactions, where the combination of phenolic compounds from both sources results in enhanced electron-donating capacity (Rocchetti et al., 2021).
The DPPH radical scavenging results indicate that while pure D. microcarpum showed the strongest individual activity (SC₅₀ = 1.50±0.02 mg/mL), the supplemented blends maintained effective antioxidant capacity. The relationship between phenolic content and antioxidant activity observed in this study corroborates previous research demonstrating the positive correlation between these parameters (Kapepula et al., 2020). The enhanced antioxidant capacity can be attributed to the additive effects of various phenolic compounds including chlorogenic acid, caffeic acid, and quercetin derivatives present in both plant materials (Giallourou et al., 2021).
The ABTS assay results provide additional evidence of the antioxidant capacity of the supplemented samples. The moderate ABTS scavenging activities observed in the supplemented samples (9.30-10.66 µM TEAC/g dw) suggest that these products retain significant antioxidant potential suitable for functional food applications (Oke et al., 2021). The maintained antioxidant capacity across different assay systems indicates the presence of diverse antioxidant compounds capable of neutralizing various types of free radicals.
[bookmark: bookmark=id.cswr9vkszahn]4.3 Enzyme Inhibitory Activity
The enzyme inhibitory activity results reveal complex interactions between the supplementation components. While D. microcarpum alone demonstrated strong α-amylase and α-glucosidase inhibitory activities (IC₅₀ = 12.13±0.49 mg/mL for both enzymes), the supplemented samples showed reduced inhibitory capacity. This phenomenon may be attributed to potential antagonistic interactions between bioactive compounds from different plant sources or matrix effects where the food matrix influences the bioavailability and activity of inhibitory compounds (Adedayo et al., 2022).
The strong ACE inhibitory activity of the control orange-fleshed sweet potato (IC₅₀ = 11.08±0.18 mg/mL) highlights its potential application in managing hypertension. This activity can be attributed to the presence of bioactive peptides and phenolic compounds that can bind to the active site of ACE, thereby inhibiting its activity (Alam et al., 2020). The maintenance of reasonable ACE inhibitory activity in the supplemented samples suggests that the antihypertensive potential is preserved despite supplementation.
The differential enzyme inhibitory responses observed suggest that the mechanism of action may vary depending on the specific enzyme system and the bioactive compound profile of each sample. The reduced enzyme inhibitory activity in composite samples compared to individual components may also be due to the dilution effect where the concentration of specific inhibitory compounds is reduced when combined with other materials (Mbock et al., 2020).
[bookmark: bookmark=id.bb2pyai7d7yb]4.4 Carotenoid Content Consideration
While this study focused on phenolic compounds and related bioactivities, it is important to acknowledge that orange-fleshed sweet potato is particularly rich in carotenoids, especially β-carotene, which contributes significantly to its nutritional value (Alam et al., 2023). The decision to focus on phenolic compounds was based on the complementary nature of phenolic profiles between orange-fleshed sweet potato and D. microcarpum, and the well-established relationship between phenolic compounds and the measured bioactivities. Future studies should consider comprehensive carotenoid analysis to provide a complete picture of the nutritional enhancement achieved through supplementation.
[bookmark: bookmark=id.hz0njviauu3t]4.5 Implications for Functional Food Development
The results of this study demonstrate that D. microcarpum supplementation can improve specific bioactive properties of orange-fleshed sweet potato while maintaining others. The optimal supplementation level appears to be 5% D. microcarpum, which provides improved antioxidant activity and enhanced phytochemical profile without significantly compromising enzyme inhibitory activities. This level of supplementation also ensures that the sensory characteristics of orange-fleshed sweet potato are maintained while providing nutritional enhancement (Shiau & Liu, 2021).
The enhanced tannin and flavonoid content in supplemented samples, combined with maintained saponin levels, suggests potential applications in developing functional foods targeting metabolic health conditions such as diabetes and cardiovascular diseases. The preservation of antioxidant capacity in supplemented products supports their potential use in addressing oxidative stress-related health conditions, which are prevalent in developing countries where both crops are readily available (Teye et al., 2021).
[bookmark: bookmark=id.xorx7rsk7lqf]5. Conclusion
This study successfully demonstrates that supplementation of orange-fleshed sweet potato with D. microcarpum significantly enhances the bioactive compound profile and antioxidant capacity of the composite products. The key findings and their implications include:
1. Enhanced Phytochemical Profile: Supplementation with D. microcarpum significantly increased tannin content by 13.4% and flavonoid content by 26.5% in the optimal blend (95% orange potato: 5% D. microcarpum) while maintaining high saponin levels (>8.0 mg DE/g dw), indicating successful bioactive compound enhancement.
2. Improved Antioxidant Capacity: The 95% orange potato: 5% D. microcarpum blend demonstrated superior antioxidant properties with the highest reducing power (4.55±0.01 mg GAE/g dw) and effective DPPH scavenging activity (SC₅₀ = 1.89±0.01 mg/mL), suggesting enhanced protection against oxidative stress.
3. Maintained Bioactivity: While enzyme inhibitory activities were reduced in supplemented samples compared to individual components, the products retained significant bioactivity suitable for functional food applications, particularly for managing metabolic disorders.
4. Functional Food Potential: D. microcarpum serves as an effective natural additive for improving the nutritional and functional properties of orange-fleshed sweet potato products, with the 5% supplementation level providing optimal enhancement.
The study contributes significantly to the development of nutrient-dense, functional food products that could address malnutrition and support health promotion in regions where both crops are readily available. The enhanced bioactive composition of the supplemented products suggests potential applications in developing foods with targeted health benefits for managing diabetes, hypertension, and oxidative stress-related conditions.
Future Applications: The findings suggest immediate applications in developing functional food products such as fortified flours, baked goods, and nutritional supplements. The composite flour can be incorporated into traditional food systems to enhance nutritional quality while maintaining cultural food preferences.
[bookmark: bookmark=id.ooohxog0ci9l]6. Recommendations
Based on the findings of this study, the following recommendations are proposed for future research and application:
1. In-vivo Validation Studies: The bioactive properties and health benefits observed in this in-vitro study should be validated through animal model studies and human intervention trials to confirm their physiological relevance and establish effective dosages for health benefits.
2. Optimization Studies: Further research should focus on optimizing the supplementation ratio, processing conditions, and storage parameters to maximize bioactive compound retention, bioavailability, and shelf-life of the enhanced products.
3. Product Development and Sensory Evaluation: The composite flour should be incorporated into various food products (bread, biscuits, porridge, snacks) to evaluate sensory acceptability, nutritional quality, and consumer acceptance in target populations.
4. Comprehensive Nutritional Analysis: Future studies should include analysis of carotenoid content, vitamin profiles, mineral composition, and amino acid profiles to provide a complete nutritional assessment of the supplemented products.
5. Bioavailability and Bioaccessibility Studies: Research should investigate the bioavailability and bioaccessibility of bioactive compounds in the supplemented products using appropriate in-vitro digestion models and in-vivo studies.
6. Scaling Up and Commercial Viability: Pilot-scale production studies should be undertaken to evaluate the technical feasibility, cost-effectiveness, and commercial viability of producing D. microcarpum-supplemented orange-fleshed sweet potato products.
7. Sustainable Sourcing and Supply Chain: Strategies for sustainable cultivation, harvesting, and processing of D. microcarpum should be developed to ensure consistent quality and supply for commercial applications while supporting local communities.
8. Regulatory Approval and Safety Assessment: Comprehensive safety assessment studies should be conducted to obtain regulatory approval for commercial production and marketing of the supplemented products.
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