



Development and Quality Evaluation of Functional Biscuits from Tigernut (Cyperus esculentus) and Afzelia africana Flour Blends: Nutritional, Phytochemical, and Sensory Acceptability.
ABSTRACT
Aims: Tigernut (Cyperus esculentus L.) and Afzelia africana are nutritionally rich, gluten-free indigenous crops.  The unexplored functional food potential in composite biscuit production needs to be studied to address protein-energy malnutrition, micronutrient deficiencies, and rising consumer demand.

Study Design: This original research article used a completely randomized design (CRD). Biscuits were produced by substituting tigernut flour with Afzelia africana seed flour in this order: Control sample = 100% Tigernut flour; A = Afzelia africana (10%) + Tigernut (90%) flour; B = Afzelia africana (20%) + Tigernut (80%) flour.   

Place and Duration of Study: The study was conducted in the Food Science and Technology department's laboratory at Chukwuemeka Odumegwu Ojukwu University, Igbariam Campus, in June 2024.

Methodology: Flour preparation and baking followed standard methods. Proximate composition, minerals, vitamins, phytochemicals, DPPH radical scavenging activity, and sensory acceptability were studied.
Results: Increasing Afzelia africana substitution was associated with significant dose-dependent increases in crude protein (3.66-5.52 g/100g), crude fiber (0.48-2.29 g/100g), crude ash (1.05-2.78 g/100g), calcium (172.18-273.62 mg/100g), magnesium (34.52-38.70 mg/100g), potassium (290.72-305.76 mg/100g), thiamine (0.51-0.88 mg/100g), riboflavin (0.43-1.08 mg/100g), niacin (0.16-1.17 mg/100g), total phenolic (12.87-16.82 mg GAE/100g) and flavonoid (4.49-6.69 mg/100g) content, alongside a progressive reduction in DPPH IC50 indicating enhanced antioxidant activity. All moisture values (3.49-5.31 g/100g) were within the recommended range for biscuit shelf stability. The control and sample A were not significantly different (p<0.05) in color, flavor, aftertaste, and overall acceptability.
Conclusion: Afzelia africana seed flour enhanced the nutritional value, antioxidant activity, and sensory appeal of tigernut biscuits. A 10% substitution of Afzelia africana seed flour was identified as the optimal formulation. These findings support the use of Afzelia africana seed flour as a functional food ingredient in biscuit production for protein- and micronutrient-vulnerable populations in Nigeria.
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1. INTRODUCTION

There is increased consumer awareness and demand for wholesome, nutritious foods otherwise regarded as functional foods. Functional foods are foods that provide nutritional benefits beyond basic energy (Arshad et al., 2025; Rashidinejad et al., 2024). Biscuits possess great potential as functional food products because they are shelf-stable, widely eaten, and ready-to-eat (Aniemena et al., 2024). Moreover, they can be crafted into products suitable for all age groups, demographics, and geographic settings. They can also serve as an effective, scalable vehicle for delivering bioactive ingredients, dietary fiber, and essential micronutrients to target populations (Lazou et al., 2024; Ranasinghe et al., 2025). Globally, the biscuit market was estimated at about 109 billion USD in 2023, with a projected value of 192 billion USD by 2033. The fortified and functional biscuit segment has annual growth rates of 5.4% and 5.2%, respectively (Lazou et al., 2024). This growth in demand for fortified and functional biscuits is driven by the need to replace conventional biscuits with lower-glycaemic, low-gluten, high-protein, high-fiber, and high-micronutrient options (Ranasinghe et al., 2025). 

The growing dual burden of protein-energy malnutrition, micronutrient deficiency, and childhood stunting in Nigeria and sub-Saharan Africa has become a growing public health concern. About 11 million and 6 million under-five Nigerian children face severe food poverty and stunting, respectively (UNICEF, 2024). The prevalence of diet-related non-communicable diseases such as obesity, type 2 diabetes, and cardiovascular diseases is equally rising in proportion, especially in urban areas (WHO/FAO, 2022). There is, therefore, a great public health need to develop affordable, nutritionally enhanced functional foods from nutrient-dense, locally available materials (Nkwonta and Auma, 2023; Nwagbo et al., 2025).

Tigernut (Cyperus esculentus L.) is a perennial sedge of the Cyperaceae family. It has emerged as one of the most scientifically compelling functional food crops globally. This is because of its rich composition of dietary fiber (8-9%), lipids, especially oleic acid (25-35%), starch (20-30%), protein (10-15%) and essential minerals, such as potassium, magnesium, and iron (He et al., 2025; Wu et al, 2024). It also contains phenolic acids, flavonoids, phytosterols, alkaloids, and terpenoids, making it a candidate for functional food development (Wetters et al., 2024; Nwagbo et al., 2025). Moreover, it has broad agroecological adaptability, as it can grow in tropical, subtropical, and temperate regions across Africa, Europe, Asia, and the Americas. It is consumed in Nigeria as a snack and beverage ingredient (Kunu aya) (Wetters et al., 2024; He et al., 2025). Recently, tigernut has been explored as a substitute for wheat flour in gluten-free and nutritionally improved baked products (Nedviha and Harasym, 2024). Research has consistently demonstrated that the partial or complete substitution of wheat flour is not only possible but can yield products with enhanced dietary fiber, fat, phytochemical, and mineral profiles (Agu et al., 2023; Chima et al., 2011). Acceptable biscuits with enhanced protein, fat, crude fiber, ash, and antioxidant activity were developed from tigernut-African yam bean flour blends by Agu et al. (2023). The growing body of literature on tigernut-based bakery products reflects a trend toward diversified food products from nutrient-dense, locally available indigenous raw materials, which aligns with the United Nations Sustainable Goals 2 (Zero Hunger) and 3 (Good Health and Well-being) (Ogunnowo et al., 2024).

Afzelia africana Sm., a member of the Fabaceae family commonly known as African mahogany bean or “akpalata,” is an underutilized tropical leguminous tree. The seeds are phytochemically rich and nutrient-dense. The seed flour contains protein (15-38%), crude fat (23-32%), crude fiber (7-20%), and ash (4-6%) with comparable energy as cowpea and soybeans (Bolanle, 2010; Igbabul et al., 2014; Okeke et al., 2022). Traditionally, they are valued as soup thickeners in South-Eastern Nigerian cuisine. They are rich in dietary fiber, important for the prevention and management of cardiovascular diseases and diabetes (Igbabul et al., 2014). Some important phytochemicals in the seeds are flavonoids, phenolics, terpenoids, steroids, and glycosides (Irondi et al., 2015), with dose-dependent antioxidant and antimicrobial activities (Acheampong et al., 2023). Interestingly, the fermentation of Afzelia africana Sm seeds enhanced their protein content and water absorption, and reduced anti-nutritional factors. Fermentation could therefore enhance the food applications and digestibility of Afzelia africana Sm seed flour (Igbabul et al., 2014; Chude et al., 2021; Chude et al., 2023). 
The specific application and evaluation of the nutrient-rich composite flour blend of tigernut and Afzelia africana Sm in biscuit production has not been reported in the literature. Previous studies have reported the successful addition of 20% Afzelia africana Sm seed flour to brown rice and wheat flour blends for the production of cookies and fried noodles (Ukeyima et al., 2019; Igbabul et al., 2018; Emojorho et al., 2024). This study aimed to develop functional biscuits from composite flour blends of tigernut (Cyperus esculentus) and Afzelia africana Sm at substitution levels of 0% (control), 10%, and 20% (w/w) and evaluate the proximate, mineral, vitamin, and bioactive composition, antioxidant activity, and sensory acceptability of the products.
2. MATERIAL AND METHODS

2.1 Sourcing of Raw Materials

Mature tigernut (Cyperus esculentus L.) tubers and Afzelia Africana SM seeds were bought from Eke Awka market, Anambra State, Nigeria. All other baking ingredients used were also bought at the market. All the water used for processing was potable. Botanical authentication of the tigernut (Cyperus esculentus L.) tubers and Afzelia Africana SM seeds was done at the Crop Science Department, Chukwuemeka Odumegwu Ojukwu University, Igbariam Campus, Anambra, Nigeria. All chemical reagents used in the laboratory analysis were of analytical grade and were sourced from Sigma-Aldrich (St. Louis, MO, USA) unless otherwise stated.

2.2 Preparation of Flour Samples

Tigernut flour was prepared (Agu et al, 2023). The tubers were by sorted, washed under clean running water, drained, soaked for 12 hours and dried in the oven (DHG-9240, Shanghai Yiheng Scientific Instrument Co. Ltd.) to a constant weight at 600C for 12 hours. Then, milled with an attrition mill (Thomas Scientific, USA) and sieved (45 µm). The flour was packed in an air-tight high-density polyethylene (HDPE) bag and stored in a cool, dry place until used. 

Afzelia Africana SM seed flour was prepared using the methods described by Igbabul et al. (2014) and Okeke et al. (2022). Mature Afzelia Africana seeds were sorted, washed and soaked in 1:5 (w/v) seed-to-water ratio for 24 hours, drained, and oven-dried at 600C for 48 hrs. The seeds were dry-toasted in a pan for 15 minutes and then dehulled. The lightly browned, toasted seeds were milled in an attrition mill (Thomas Scientific, USA) and sieved (45 µm). The flour was packed in an air-tight high-density polyethylene (HDPE) bag and stored in a cool, dry place until use. 

2.3 Formulation of Composite Flour Blends

Three composite flour blends were formulated by blending tigernut flour (TNF) and Afzelia Africana seed flour (AAF) in the following ratios: Control (TNF 100%: AAF 0%), Sample A (TNF 90%: AAF 10%), and Sample B (TNF 80%: AAF 20%), as shown in Table 1. Each flour blend was thoroughly mixed by hand in a clean stainless-steel bowl for 5 minutes to ensure homogeneity, then stored in labeled airtight containers until used.
Table 1: Ingredients formulation of tigernut-Afzelia africana composite biscuits (per 100g composite flour basis)

	Ingredient
	Control (100:0) (g/100g)
	Sample A (90:10)

(g/100g)
	Sample B (80:20)

(g/100g)

	Tigernut (Cyperus esculentus) flour
	100:0
	90:0
	80:0

	Afzelia africana
	0:0
	10:0
	20:0

	Flour/Composite flour blend
	45.5%
	45.5%
	45.5%

	Margarine
	15%
	15%
	15%

	Granulated sugar
	15%
	15%
	15%

	Whole egg
	8%
	8%
	8%

	Skim milk powder 
	5%
	5%
	5%

	Baking powder
	0.7%
	0.7%
	0.7%

	Vanilla
	0.4%
	0.4%
	0.4%

	Iodized salt
	0.4%
	0.4%
	0.4%

	Water
	6%
	6%
	6%

	Corn starch
	4%
	4%
	4%


Note: TNF = Tigernut flour (Cyperus esculentus); AAF = Afzelia Africana seed flour. Control = 100% TNF:0% AAF; Sample A = 90% TNF: 10%AAF; Sample B = 80%TNF:20%AAF. 

2.4 Production of Composite Biscuit

The biscuits were produced using the method described by Agu et al. (2023). The margarine and sugar were creamed in a clean stainless bowl using a hand-held mixer at medium speed for 5-7 minutes until pale, light, and fluffy. The eggs were beaten and mixed with vanilla flavor until incorporated. The flour/flour blend was combined with the skim milk, cornstarch, baking powder, and fine iodized salt, sifted once, and then added to the creamed mixture with a wooden spoon. Water was added sparingly to form a non-stick, pliable dough. The dough was allowed to rest at room temperature for 10 minutes, rolled on a lightly floured (tigernut flour) surface to a uniform thickness of 4-5 mm using a wooden rolling pin, and cut with a biscuit cutter to achieve a uniform shape and size. The dough pieces were arranged on a greased tray, baked (1800C, 15-18 minutes), allowed to cool (30 minutes), packaged, labeled, and stored in air-tight containers at room till analyzed.

2.5 Proximate Analysis

The proximate composition of the biscuit samples was determined in triplicate using the AOAC (2019) method. The biscuits were crushed before analysis. Moisture content was analyzed using the oven-drying method (1050C) to constant weight (AOAC, 2019; Method 925.10). Crude protein was determined by the Kjeldahl method using a nitrogen-to-protein conversion factor of 6.25 (AOAC, 2019; Method 981.10). Crude fat was extracted using petroleum ether in a Soxhlet extraction apparatus for six hours at 40-600C (AOAC, 2019; Method 920:39). Crude fiber was determined by sequential acid (1.25% H2SO4) and alkaline (1.25% NaOH) digestion and ignition of the residue (AOAC, 2019; Method 962:09). Crude ash was determined by dry ashing in a muffle furnace at 5500C for 6 hours (AOAC, 2019; Method 923:03). The total carbohydrate content was calculated by difference as Carbohydrate (%) = 100 –(moisture + crude protein + crude fat + crude fiber + ash).

2.6 Mineral Composition Analysis
The mineral composition of the biscuit samples was determined by the wet ashing procedure (Pearson, 1976). The crushed biscuit samples were each weighed (0.5 g) into a 100 mL digestion flask and digested with a mixture of concentrated nitric acid (HNO3) and perchloric acid (HClO4) at a ratio of 3:1 (v/v) at 1200C to a clear, colourless digest. The digest was cooled, transferred to a 100 mL volumetric flask, and made up to volume with deionized distilled water. Calcium and magnesium concentrations were determined by an atomic absorption spectrophotometer (AAS) (Shimadzu Corporation, Kyoto, Japan). Sodium and potassium concentrations were determined by flame photometry (model 405, Corning, UK) using sodium chloride (NaCl) and potassium chloride (KCl) standard solutions prepared in the laboratory. All mineral concentrations are expressed as mg per 100 g of sample on a fresh-weight basis.

2.7 Vitamin Composition Analysis
The B-vitamin (B1, B2 and B3) of the biscuit samples were determined by the AOAC (2019; Method 942:23). Thiamine (B1) was determined by thiochrome fluorometric method (AOAC, 2019; Method 942: 23). In this method, thiamin was oxidized to thiochrome in alkaline solution and measured fluorometrically at excitation wavelength of 365 nm and emission wavelength of 435 nm using a fluorometric method (AOAC, 2019; Method 970:65), based on the natural fluorescence of riboflavin measured at 530 nm after clarification of the extract. Niacin (Vitamin B3) was determined by the Konig colorimetric reaction method (AOAC, 2019; Method 944:13), in which niacin reacts with cyanogen bromide and sulphanilic acid to produce a yellow chromogen measured spectrophotometrically at 470 nm using a UV-Vis spectrophotometer (Shimadzu UV-1900, Japan). All vitamin values are expressed in mg per 100g sample.

2.8 Phytochemical Composition Analysis
Ethanol extract of the biscuit samples was prepared for phytochemical analysis by weighing 2 g of each ground biscuit into a 50 mL conical flask, adding 20 mL of 80% (v/v) ethanol, and shaking on a horizontal shaker for 2 hours at 250C. The mixture was filtered through Whatman No. 1 filter paper, and the filtrate was retained for analysis.

Total phenolic content (TPC) was determined using the Folin-Ciocalteu reagent method as described by Singleton et al. (1999). Briefly, 0.1 mL of the sample extract was added to 2.0 mL of 2% sodium carbonate (Na2CO3) solution. After 2 minutes, 0.1 mL of 50% Folin-Ciocalteu reagent was added and the mixture was incubated in the dark for 30 minutes at 250C. Absorbance was measured at 725 nm using a UV-Vis spectrophotometer. TPC was expressed as milligrams of gallic acid equivalents per 100 g of sample (mg GAE/100 g), calculated from a gallic acid standard curve (0-500 µg/mL).

Total flavonoid content (TFC) was determined by the aluminum chloride (AlCl3) colorimetric method as described by Meda et al. (2005). A volume of 1.0 mL of sample extract was mixed with 1.0 mL od 2% AlCl3 in ethanol. After 15 minutes of incubation at 250C, absorbance was read at 430 nm against a blank. TFC was expressed as milligrams of quercetin equivalents per 100 g of sample (mg QE/100g), using a quercetin standard curve (0-200 µg/mL).

2.9 Antioxidant Activity (DPPH Radical Scavenging Assay)

The antioxidant activity of the biscuit samples was evaluated using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging method as described by Brand-Williams et al. (1995). A stock solution of DPPH (Sigma-Aldrich, Germany) was prepared by dissolving 3.94 mg of DPPH in 100 mL of methanol to obtain a 0.1 mM working solution. Serial dilutions of biscuit ethanolic extracts (concentration ranging from 100 to 1500 µg/mL) were prepared in 80% ethanol. A volume of 1.0 mL of each sample dilution was added to 2.0 mL of 0.1 mM DPPH solution in methanol, mixed thoroughly, and incubated in the dark for 30 minutes at 25oC. Absorbance was measured at 517 nm against a methanol blank using a UV-Vis spectrophotometer. Ascorbic acid (L-ascorbic acid, Sigma-Aldrich) served as the positive reference standard at equivalent concentration ranges.

The percentage of DPPH radical scavenging activity (%RSA) was calculated using the formula:
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Where Acontrol is the absorbance of the DPPH solution (without sample), and Asample is the absorbance of the reaction mixture. The IC50 value, defined as the concentration of the extract (µg/mL) required to inhibit 50% of the initial DPPH radical scavenging activity, was determined by linear regression analysis from the dose-response curve for each sample and presented as a bar chart. A lower IC50 value indicates greater antioxidant potency.

2.10 Sensory Evaluation

Sensory evaluation of the biscuit samples was carried out using the protocol described by Meilgaard et al. (2016). Twenty (20) semi-trained panelists of staff and students of Food Science and Technology, Chukwuemeka Odumegwu Ojukwu University, Igbariam Campus, Anambra, Nigeria. The selection criteria included regular consumption of biscuits, absence of food allergies, and a familiarization session with the evaluation methodology. Written informed consent was obtained from all panelists before participation. Biscuit samples were evaluated immediately after cooling to room temperature. The panelists evaluated the biscuit samples for color, flavor, aroma, mouthfeel, taste, aftertaste, and overall acceptability using a structured 9-point hedonic scale, where 9 = Like extremely and 1 = Dislike extremely. 
2.11 Experimental Design and Statistical Analysis

This study used a Completely Randomized Design (CRD) with three treatment groups as described in Table 1. All non-flour ingredients were held constant across treatments. Data were analyzed using one-way analysis of variance (ANOVA), and significant differences were separated using LSD (Least Significant Differences) at p < 0.05. All analyses were performed in triplicate, and the results were expressed as means ± standard deviation. 
3. RESULT AND DISCUSSION

3.1 Proximate Composition

The proximate composition of the biscuit samples is presented in Table 2. The moisture content of the biscuit samples ranged from 3.49 to 5.31 g/100g from the control to Sample B. There was no significant difference (p < 0.05) in moisture content between the control and sample A (3.85 g/100g). The moisture content of the biscuit samples was within an acceptable range for biscuits (1-5%) (Akajiaku et al., 2018). The progressively higher moisture content with increasingly higher Afzelia africana flour substitution could be attributed to the characteristic moisture-retaining capacity of legume flours (Igbabul et al., 2014). Low moisture content inhibits microbial growth. 
Crude protein content increased progressively with increasing levels of Afzelia africana flour, with the control having the least protein (3.66 g/100g), followed by sample A (4.58 g/100g) and the highest protein recorded in sample B (5.52 g/100g). All three samples were significantly different (p <0.05). Increasing substitution with Afzelia africana flour increased crude protein content. However, the results are lower than the results (14.0-30.5%,) obtained by Emojorho et al., (2024) in fried wheat-Afzelia africana noodles. The increase in protein content directly reflects the protein contribution of Afzelia africana seed flour, which has been documented to contain 15-38% crude protein, depending on the processing method (Igbabul et al., 2014). Substituting legume flour for cereal- and tuber-based baked goods improves their protein quality (Agu et al., 2023). Biscuits with higher protein content will be of nutritional interest to protein-vulnerable populations, such as children under five, older people, and individuals with elevated protein needs (Popoola et al., 2023).
Crude fat content increased with higher levels of Afzelia africana flour substitution. The control recorded the lowest fat content (27.63 g/100g), while sample B showed the highest (29.48 g/100g). However, there was no significant difference (p < 0.05) between sample A and the control. The increase in crude fat content from 27.63 g/100g to 29.48 g/100g with increasing substitution of Afzelia africana seed flour could be attributed to the legume seed's high lipid content, reported at 30% on a dry weight basis (Bolanle, 2010). The results are comparable to the results (19.29-27.06%) obtained by Igbabul et al., (2019) for wheat-Afzelia africana cookies, but higher than the results (9.00 to 14.70%) of Emojorho et al., (2024). The comparably high fat content of tigernut flour itself, chiefly composed of oleic acid, a cardioprotective monounsaturated fatty acid, represents a beneficial lipid fraction (He et al., 2025).

Crude fiber content ranged from 0.48 in the control to 2.29 g/100g in sample B. There was no significant difference (p < 0.05) in crude fiber between the control and sample A. Crude ash content showed a similar progressive pattern, ranging from 1.05 g/100g in the control to 2.78 g/100g in sample B. There were significant differences between all the samples. The significant increase in crude fiber and ash content with higher Afzelia africana substitution level further supports the higher nutritional potential of composite flours. The crude fiber and ash content results from the study are similar to the results of crude fiber (1.88 to 5.89%) and crude ash (1.35 to 3.02%) reported by Igbabul et al., (2019) for wheat-Afzelia africana cookies. Dietary fiber is important in gut health, glycaemic regulation, and satiety (Ranasinghe et al., 2025).  Total carbohydrate content, as determined by differences, showed an inverse relationship with other proximate parameters. The control recorded the highest carbohydrate content (63.71 g/100g), followed by sample A (60.32 g/100g) and sample B (54.63 g/100g). The inverse reduction in carbohydrate is a mathematical consequence of the increase in the proximate fractions. It is consistent with the substitution of a carbohydrate-dominant tuber flour with a protein- and fat-rich legume flour.  
Table 2: Proximate Composition of Tigernut and Tigernut-Afzelia africana Biscuits
	Proximate Values
	Control 
	A
	B

	Moisture (mg/100g)
	3.49b±0.28
	3.85b±0.35
	5.31a±0.21

	Crude Protein (mg/100g)
	3.66c±0.11
	4.58b±0.21
	5.52a±0.10

	Crude Fat (mg/100g)
	27.63b±0.15
	28.31ab±0.35
	29.48a±0.55

	Crude fiber (mg/100g)
	0.48b±0.52
	1.07b±0.03
	2.29a±0.23

	Crude ash (mg/100g)
	1.05c±0.04
	1.88b±0.14
	2.78a±0.16

	Carbohydrate (mg/100g)
	63.71a±0.47
	60.32b±0.03
	54.63c±0.73


Means ± SD of triplicate replications. Values within the same row with the same superscript are not significantly different (p < 0.05). Keys: Control sample = 100% Tigernut biscuits; A = Afzelia africana (10%) + Tigernut (90%) biscuits; B = Afzelia africana (20%) + Tigernut (80%) biscuits.

3.2 Mineral Composition

Mineral composition of the biscuit samples is presented in Table 2. Calcium content increased progressively across all formulations, ranging from 172.18 mg/100g in the control to 258.40 mg/100g in sample A and 273.62 mg/100g. All three calcium values were significantly different from each other (p < 0.05). The progressive and significant increases in calcium, magnesium, and potassium observed in the three biscuit formulations are consistent with the documented mineral-rich profile of Afzelia africana seed flour. A lower calcium content (15.21-116.03mg/100g) was reported in cookies made from wheat:Afzelia africana composite flour. Bolanle (2010) reported calcium as the most abundant mineral in Afzelia africana seed at approximately 624 mg/100g, a value substantially higher than that observed for tigernut flour. The calcium content of sample B represents approximately 27% of the daily calcium reference intake for adults as established by the WHO/FAO (2004). This suggests that regular consumption of these enriched biscuits could make a meaningful contribution to dietary calcium adequacy. 

Magnesium content increased with higher Afzelia africana flour inclusion, ranging from 34.52 mg/100g in the control to 36.92 and 38.70 mg/100g in samples A and B, respectively. All three values were significantly different (p < 0.05). Potassium content ranged from 290.72 mg/100g in the control to 301.90 and 305.76 mg/100g in samples A and B. There was a significant difference in potassium levels across all samples. The results obtained are higher than those reported by Ukeyima et al. (2019) (56.47-322.42mg/100g) in cookies made from brown rice and Afzelia africana flour blends. Sodium content ranged from 186.65 mg/100g in the control to 190.99 and 192.13 mg/100g in samples A and B, respectively. The high potassium-to-sodium ratio observed in the enriched samples is a particularly noteworthy finding from a public health perspective. A favorable potassium-sodium ratio in foods is associated with blood pressure regulation and reduced cardiovascular disease risk (Balogun and Olatidoye, 2012). Samples A and B were higher than the control in sodium, but without a significant difference (p < 0.05), which suggests that a higher substitution with Afzelia africana will not rapidly cause an increase in sodium level in the biscuit product.
Table 3: Mineral Composition of Tigernut and Tigernut-Afzelia africana Biscuits
	Minerals
	Control 
	A
	B

	Calcium (mg/100g)
	172.18c ±0.7
	258.40b±0.71
	273.62a±0.08

	Magnesium (mg/100g)
	34.52c±0.65
	36.92b±0.07
	38.70a±0.40

	Potassium (mg/100g)
	290.72c ±0.51
	301.90b±1.10
	305.76a±0.13

	Sodium (mg/100g)
	186.65b ±1.45
	190.99a±0.14
	192.13a±0.01


Means ± SD of triplicate replications. Values within the same row with the same superscript are not significantly different (p < 0.05). Keys: Control sample = 100% Tigernut biscuits; A = Afzelia africana (10%) + Tigernut (90%) biscuits; B = Afzelia africana (20%) + Tigernut (80%) biscuits.

3.3 Vitamin Composition

The B-vitamin profile of the biscuit samples is presented in Table 4. Thiamine (vitamin B1) content showed a consistent, dose-dependent increase with higher levels of Afzelia africana flour substitution, ranging from 0.51 mg/100g to 0.69 and 0.88 mg/100g in samples A and B, respectively. There were significant differences (p < 0.05) across all values. Riboflavin (vitamin B2) content followed a similar trend, increasing from 0.43 mg/100g to 0.78 and 1.08 mg/100g in samples A and B, respectively. Niacin (vitamin B3) content demonstrated a markedly different significance pattern. The control had the lowest value of 0.16 mg/100g,, followed by 0.29 and 1.17 mg/100g in samples A and B, respectively. The control and sample A were not significantly different (p < 0.05). This indicated that the flour substitution increased niacin content, becoming evident only at the 20% substitution level. Afzelia africana has been shown to be a rich source of B vitamins (Bolanle, 2010). The B vitamins are coenzymes in energy metabolism and are important in the electron transport chain (Ball, 2006). Enhancing baked foods with B vitamins from Afzelia africana is important for preventing B-vitamin deficiencies, such as those associated with beri-beri and pellagra. Niacin (vitamin B3) was significant only at the 20% substitution level. This is consistent with dose-dependent substitution, in which a higher level is observed at higher substitutions (Ogunnowo et al., 2024).
Table 4: Vitamin Composition of Tigernut and Tigernut-Afzelia africana Biscuits
	Vitamins
	Control 
	A
	B

	Vitamin B1 (mg/100g)
	0.51c ±0.01
	0.69b±0.01
	0.88a±0.00

	Vitamin B2 (mg/100g)
	0.43c±0.03
	0.78b±0.14
	1.08a±0.01

	Vitamin B3 (mg/100g)
	0.16b ±0.01
	0.29b±0.01
	1.17a±0.08


Means ± SD of triplicate replications. Values within the same row with the same superscript are not significantly different (p < 0.05). Keys: Control sample = 100% Tigernut biscuits; A = Afzelia africana (10%) + Tigernut (90%) biscuits; B = Afzelia africana (20%) + Tigernut (80%) biscuits.

3.4 Phytochemical Composition

The phytochemical composition of the biscuit samples, specifically total flavonoid content (TFC), is presented in Table 5. Total phenolic content increased progressively and significantly (p< 0.05) across all levels. The control recorded a TPC of 12.87 mg GAE/100g, while sample A and sample B recorded 14.50 and 16.82 mg GAE/100g, respectively. The total flavonoid content (TFC) exhibited a different pattern of statistical significance. The control and sample A recorded values of 4.49 and 4.95 mg QE/100g, respectively, without any significant difference (p < 0.05). Sample B showed the highest TFC of 6.69 mg QE/100g.  This indicated that the notable difference was observed only at 20% substitution with Afzelia africana. The progressive increase in total phenolic content across all formulations confirms that the addition of Afzelia africana is a viable strategy to improve the polyphenol density of tigernut-based biscuits. Afzelia africana had the highest flavonoid content among the edible wild seeds evaluated in a report by Irondi et al. (2011). Phenolics are of considerable importance in functional food development because of their established roles as dietary antioxidants, anti-inflammatory agents, and modulators of cardiometabolic risk (Arshad et al., 2025). The observed significant difference (p < 0.05) in flavonoid levels at 20% substitution, as seen in niacin composition, suggests this level as the minimum threshold for meaningful functional enhancement.
Table 5: Phytochemical Composition of Tigernut and Tigernut-Afzelia africana Biscuits
	Phytochemicals
	Control 
	A
	B

	Flavonoids (mg/100g)
	4.49b ±0.39
	4.95b±0.26
	6.69a±0.14

	Phenols (mg/100g)
	12.87b±0.32
	14.50b±0.33
	16.82a±0.25


Means ± SD of triplicate replications. Values within the same row with the same superscript are not significantly different (p < 0.05). Keys: Control sample = 100% Tigernut biscuits; A = Afzelia africana (10%) + Tigernut (90%) biscuits; B = Afzelia africana (20%) + Tigernut (80%) biscuits.

3.5 Antioxidant activity

The DPPH radical scavenging activity of the biscuit sample and the ascorbic acid reference standard is presented in Fig 1. A lower IC50 value indicates greater antioxidant potency, as it represents the concentration of the extract required to scavenge 50% of the DPPH radical. The control (100% tigernut + 0% Afzelia africana seed flour biscuit) had the highest IC50 of 1370.33 µg/ml, indicating the lowest IC50 among the biscuit samples. Sample A (90% tigernut + 10% Afzelia africana) recorded an IC50 of 1262.86 µg/mL, indicating a lower IC50 and higher radical scavenging capacity relative to the control. Sample B (80% tigernut + 20% Afzelia africana) recorded a further reduction in IC50, indicating the highest antioxidant activity among the 3 biscuit samples. Across all three samples, IC50 values decreased in a directionally consistent pattern with increasing levels of Afzelia africana flour substitution. The ascorbic acid reference standard demonstrated substantially greater antioxidant activity than all the biscuit formulations, as shown in the markedly lower IC50 value, which served as the positive control in the assay. The directional decrease in DPPH IC50 from the control through sample A, sample B, and ascorbic acid corroborates the phytochemical enrichment data. It confirms that the antioxidant activity of the biscuit is enhanced by Afzelia africana flour incorporation. Acheampong et al. (2023) demonstrated dose-dependent antioxidant activity in Afzelia africana bark fractions, while Irondi et al. (2015) confirmed DPPH scavenging activity in aqueous Afzelia africana seed extracts. The observed enhancement in radical scavenging capacity can be linked to the increased TPC and TFC in the enriched samples (Brand-Williams et al., 1995).
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Fig 1: DPPH Radical Scavenging abilities of Tigernut and Tigernut-Afzelia africana biscuits

Means ± SD of triplicate replications. Values within the same row with the same superscript are not significantly different (p < 0.05). Keys: Control sample = 100% Tigernut biscuits; A = Afzelia africana (10%) + Tigernut (90%) biscuits; B = Afzelia africana (20%) + Tigernut (80%) biscuits.

3.6 Sensory Evaluation

The sensory acceptability scores of the three biscuit formulations evaluated by twenty (20) semi-trained panelists using a 9-point hedonic scale (9 = like extremely; 1 = Dislike extremely) are represented in Table 5. In color, the control and sample A showed scores of 7.78 and 7.90, respectively, with no significant difference between them. Sample B showed a significantly higher color score of 8.30. A similar pattern was observed in flavor. The control and sample A (7.30 and 7.60) were not significantly different, while sample B showed a higher flavor preference (8.0). The control recorded the lowest aroma score (7.40), which was not significantly different from sample A (7.60), while sample B had the highest aroma score (8.0) with significant differences (p< 0.05) across all levels. In mouthfeel, the control scored 7.30, while samples A and B scored 7.8 and 8.3, respectively. The taste scores were significantly different (p < 0.05) across all formulations, with the control having the most preferred taste (8.0), followed by sample A (7.6) and sample B (7.20). In aftertaste, the control was 7.50, not different (p < 0.05) from sample A (7.30), while sample B was significantly different (6.90). Overall acceptability scores were highest in the control (8.20), followed by sample A (8.00), and least in sample B (7.60).

The sensory evaluation data revealed significant differences (p < 0.05) across most attributes. This signified that substitution levels influenced sensory appeal. Color scores and visual appeal increased with the inclusion of Afzelia africana seed flour. Similarly, flavor and aroma followed a similar trend, with B recording a higher score, suggesting that moderate substitution of tigernut flour with Afzelia africana seed flour improved the sensory profile, likely due to the nutty flavor and caramel color developed during Afzelia africana seed roasting (Igbabul et al., 2014). Mouthfeel improvement could be linked to the fat and protein composition of Afzelia africana seed flour, which may enhance textural properties and perceived smoothness (Agu et al., 2023). However, taste, aftertaste, and overall acceptability declined as substitution increased. This suggests that higher inclusion levels may introduce slight bitterness or unfamiliar flavor notes, thereby reducing sensory acceptability. However, a sensory acceptability of up to 40% substitution of wheat with Afzelia africana flour was reported in wheat- Afzelia Africana cookies (Igbabul et al., 2018)
Table 6: Sensory attributes of Tigernut and Tigernut-Afzelia africana biscuits
	Sensory attribute
	Control 
	A
	B

	Colour
	7.70b±0.83
	7.90b±0.48
	8.30a±0.67

	Flavor
	7.30b±0.52
	7.60b±0.67
	8.00a±0.74

	Aroma
	7.40b±0.67
	7.60b±0.99
	8.00a±0.57

	Mouthfeel
	7.30c±0.82
	7.80b±0.79
	8.30a±0.92

	Taste
	8.00a±0.47
	7.60b±0.52
	7.20c±0.67

	Aftertaste
	7.50a±0.71
	7.30a±0.57
	6.90b±0.74

	Overall acceptability
	8.20a±0.67
	8.00a±0.97
	7.60b±0.67


Means ± SD of triplicate replications. Values within the same row with the same superscript are not significantly different (p < 0.05). Keys: Control sample = 100% Tigernut biscuits; A = Afzelia africana (10%) + Tigernut (90%) biscuits; B = Afzelia africana (20%) + Tigernut (80%) biscuits.
4. CONCLUSION
The findings of this study support the classification of tigernut-Afzelia africana composite biscuits, particularly at 10% and 20% substitution levels, as a functional food (Arshad et al., 2025). Functional foods are foods with greater health benefits due to a higher presence of dietary fiber, micronutrients, and phytochemicals, all of which were present in this context. The study demonstrated that Afzelia africana, an underutilized Nigerian legume, constitutes a viable, affordable, and culturally grounded enrichment ingredient capable of improving protein, fiber, mineral, B-vitamin, phenolic, flavonoid, and antioxidant profile of tigernut-based biscuits. From a public health nutrition standpoint, the elevated calcium (273.62 mg/100g), potassium (305.76 mg/100g), and riboflavin (1.08 mg/100g) values of sample B, combined with its enhanced antioxidant capacity, position it as a nutritionally superior product with relevance to populations at risk of micronutrient deficiency, cardiovascular diseases and oxidative stress-related non-communicable diseases. These are all priority health challenges in Nigeria (Popoola et al., 2023; Odeku et al., 2024). The sensory data suggest that a 10% substitution level of Afzelia africana (sample A) represents an optimal balance between functional enrichment and sensory appeal. Higher sensory acceptability was observed in earlier studies of cookies and fried noodles made with Afzelia africana additions of 20-40% to brown rice and wheat flour.
The substitution of tigernut biscuit with 10% and 20% Afzelia africana significantly enhanced proximate, mineral, vitamin, phytochemical, and antioxidant profiles relative to the pure tigernut control. Crude protein, crude fat, crude fiber, ash, calcium, magnesium, potassium, thiamine, riboflavin, niacin, total phenolic content, and DPPH radical scavenging activity increased with increased substitution with Afzelia africana seed flour. The study provides novel data to the literature on the utilization of Afzelia africana in tigernut biscuits. Future research should investigate the in vitro and in vivo digestibility, glycaemic index, amino acid profile, and storage stability of the optimized formulation. Scale-up trials for broader consumer populations under pilot-plant conditions should be conducted to support the commercialization of these findings.
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