


Effects of Boiling Duration on the Nutritional Composition, Phytochemical Profile, and Functional Properties of Ricinodendron heudelotii (Njangsa) Seeds Flour. 


ABSTRACT
Aims: The seeds of Ricinodendron heudelotii (Baill.) Pierre ex Pax (njangsa) is a West and Central African culinary condiment and spice. It has been recognized for its nutritional and functional benefits, but remains underutilized. The effect of boiling time on the nutritional, functional, and phytochemical properties of seed flour was investigated for diverse food applications.
Study Design: The study used a completely randomized design (CRD).
Place and Duration of Study: The study was carried out in the Department of Food Science and Technology, Chukwuemeka Odumegwu Ojukwu University, Anambra State in June, 2024.
Methodology: The seeds were processed into three (3) flour samples: G1 (unprocessed control); G2 (boiled for 2 h at 800C) and G3 (boiled for 4 h at 800C). Proximate, phytochemicals, vitamins (A, E, and C), and functional properties were analyzed using standard methods. The data were analyzed statistically using one-way analysis of variance and Fisher’s LSD post hoc test (p<0.05).
Results: There were high crude protein (23.62-24.75%) and total carbohydrate (27.91-32.42%), with crude fat significantly reduced by boiling (34.08-39.28 mg/100g). Total phenolics and flavonoids increased by boiling (7.09-8.46 mg GAE/g and 5.61-6.01 mg QE/g, respectively). Phytate was significantly reduced at 2 h (191.49 mg/100g) and increased at 4 h (240.90 mg/100g), indicating a non-linear anti-nutritional response to prolonged boiling. Vitamin A increased with boiling duration (10.08-11.23 mg/100g), while vitamin C peaked at 2 h. Vitamin E declined with boiling duration (4.58-3.66 mg/100g). Water and oil absorption capacities increased with boiling duration (102.00-127.50% and 116.50-133.00%, respectively). Foaming capacity and stability were undetectable in all samples. LGC increased (20% to 30%) with boiling time.
Conclusion: Boiling duration significantly (p<0.05) influenced the studied parameters, with 2 h (800C) identified as optimal for phytate reduction, phenolic enhancement, and vitamin retention. The results are useful for standardizing seed flour processing and valorization.
Keywords: Ricinodendron heudelotii; thermal processing; boiling duration; proximate composition; functional flour; West African Oilseeds; food valorization.
1. INTRODUCTION
Njangsa seed remains underutilized, despite its recognized nutritional and functional properties. With consumers’ growing demand for functional foods, njangsa seeds can be processed into flour and utilized as a non-gluten flour in functional bakery products, etc (Kinge et al., 2019). One way to make njangsa (Ricinodendron heudelotii) seed flours safe, palatable, and versatile is to boil them before use. It softens the kernel, reduces bitterness, and improves digestibility (Okpalanma et al., 2025). This is important for the diversified utilization into protein-dense, lipid-rich njangsa-based food products. This is hope to offer a critical solution to protein-energy malnutrition and micronutrient deficiencies in the region (FAO et al, 2023, Nwagbo et al., 2025). 
Ricinodendron heudelotii (Njangsa) (Baill.) Pierre ex Pax (family Euphorbiaceae), commonly known as njangsa, njangsang or okwe in Igbo; erinmado in Yoruba; akpi in Cote d’Ivoire or African wood-oil nut in English, is a large, fast-growing multipurpose tree (Tchoundieu and Atangana, 2006). It is indigenous to the tropical rainforests of West and Central Africa (Adome et al., 2022). Njangsa is one of the most nutritious indigenous African oilseeds, it has a crude protein content of 21-26 g/100g; crude lipid content of 44.9 to 58.76 g/100g, appreciable calcium, phosphorus, fat-soluble vitamins, and a phenolic and flavonoid-rich fraction (Tchoundjeu and Atangana, 2006). The rich flavonoid and phenolic fractions are responsible for its antioxidant, anti-inflammatory, and antimicrobial activities. The lipid fraction is dominated by polyunsaturated fatty acids, such as α-elaeostearic and eicosapentaenoic acids (Ezekwe et al., 2014; Olasehinde et al., 2016). The seeds are commercially viable between Cameroon, Nigeria and Europe. There was an estimated harvest of 65.8 tonnes in Cameroon alone between 2013 and 2016 (Ndumbe et al., 2019). Despite the growing market interest and nutritional profile, Ricinodendron heudelotii remains an underutilized crop. This gap is not due to a lack of value, but rather a deficit of scientific data on its processing characteristics and formal food system integration. 
Heat denatures proteins, degrades heat-labile vitamins, drives lipid oxidation and deactivates anti-nutritional factors (Tenyang et al., 2017). It also reduces mineral bioavailability and protein digestibility (Samtiya et al., 2020; Gupta et al., 2015). For Ricinodendron heudelotii, Kinge et al. (2019) demonstrated that roasting significantly reduced both the polyphenol and antioxidant activities of njangsa seeds. Choumessi et al. (2021) showed that a moderate boiling temperature (65°C) increased the bio accessibility of phenolics and flavonoids in related Cameroonian spices. There is no documented study on the effect of boiling duration on the nutritional and functional characteristics of Ricinodendron heudelotii seed flour. 
The present study was designed to generate empirical data to address these gaps. The study investigated the effect of three boiling durations: 0 h, 2 h, and 4 h at 800C on the proximate composition, phytochemical profile (total phenols, flavonoids, oxalates, and phytates), vitamin content (vitamin A, E, and C), and functional properties of Ricinodendron heudelotii seed flour. The temperature of 800C was selected to reflect the commonly documented slow- or sub-boiling, open-fire processing conditions for njangsa in Nigeria and Cameroon (Kinge et al., 2019). The findings are intended to provide actionable guidance for food processors, nutritionists and policy makers engaged in the valorization of indigenous African oilseeds.
2. MATERIALS AND METHODS
2.1 Sample Procurement
Mature, dried seeds of Ricinodendron heudelotii were bought from Relief Market, Ogbaru, Anambra State, Nigeria. The seeds were authenticated morphologically and cross-referenced with the herbarium specimen description by Tchoundieu and Atangana (2006). All the reagents used were of analytical grade.
2.2 Sample Preparation
The seeds were sorted, cleaned manually and divided by systematic random allocation into three equal batches designated as G1. G2 and G3. G1 was the control (0 h), which was processed directly into flour without heat treatment. Batches G2 and G3 were subjected to aqueous heat treatment in a stainless-steel cooking pot at 80°C by slow simmering. The seeds were boiled in 1:10 (w/v) for 2 h (G2) and 4 h (G3), respectively. Following thermal treatment, all the boiled samples were drained and transferred to a convection oven (Genlab Ltd., Cheshire, UK) and dried at 500C for 4 h to achieve a uniform moisture level suitable for milling. Dried samples from all three batches were milled into fine powder using an electric blender (Binatone BLG-450, Lagos, Nigeria). The flours were sieved (250 µm) and stored in sealed ziplock bags at room temperature until used. Analysis was carried out within 72 h of flour preparation.
2.3 Proximate Composition Analysis
The seed flours were analyzed for proximate composition using AOAC (2019) methods. Moisture content was determined by the oven-drying method (1050C) to constant weight. Crude protein was measured using the Kjeldahl method. A nitrogen-to-protein conversion factor of 6.25 was used to calculate the crude protein value. Crude fat was analyzed by the Soxhlet extraction method using petroleum ether for six hours at 40-600C. Crude fiber was analyzed with acid (1.25% H2SO4) and alkaline (1.25% NaOH) digestion and combustion of the residue. Crude ash was analyzed using the dry ashing method in a muffle furnace at 5500C for 6 hours. Total carbohydrate was determined by the difference of other parameters as Carbohydrate (%) = 100 –(moisture + crude protein + crude fat + crude fiber + ash).
2.4 Phytochemical Analysis
2.4.1 Total Phenolics Determination
Total phenolic content (TPC) was analyzed using the Folin-Ciocalteu colorimetric method by Singleton et al., (1999) and adapted by N’Dri et al., (2013). A 10 mL aliquot of crude methanolic extract (prepared by macerating 1 g flour in 10 mL of 80 % methanol) for 24 h at 250C. The mixture was shaken at 150 rpm, filtered and mixed with a 10-fold diluted Folin-Ciocalteu reagent and 6% (W/V) Na2CO3 in a 25 mL volumetric flask. After 15 min incubation in the dark at room temperature, absorbance was measured at 725 nm. A standard calibration curve was constructed using gallic acid (0-200 mg/L; R2>0.99) and results were expressed as mg gallic equivalent per 100 g dry weight (mg GAE/100g dw)
2.4.2 Total Flavonoid Analysis
Total flavonoid content (TFC) (mg quercetin equivalents per gram, dry weight or mg QE/g dw).) was quantifiable by the aluminum chloride colorimetric method (Meda et al., 2005). One mL of methanolic extract was added to 5.6 mL of distilled water, followed by 3 mL of 95% ethanol, 0.2 mL of 10% AlCl3 and 0.2 mL of 1 mol/L potassium acetate. After 30 min incubation at room temperature, absorbance was read at 415 nm. Quercetin was used as the standard (0-200 mg/L; R2>0.99), 
2.4.3 Oxalate Analysis
Oxalate content (mg/g dw) was determined by the method of Alozie et al (2009). One gram of dried flour was extracted with 75 mL of 1.5 N H2SO4 with mechanical shaking for 1 h. The mixture was filtered, and 25 mL of filtrate was titrated hot (80-900C) with freshly standardized 0.1 N KMnO4 until a persistent pink endpoint (>30 s) was achieved. 
2.4.4 Phytic Acid Content
The phytic acid of the seed flour was quantified using the colorimetric method of Alozie et al (2009) with a modified Wade reagent (ferric chloride-orthophenanthroline complex). Briefly, 0.5 g of flour was homogenized in 25 mL of 3% TCA for 45 min and centrifuged at 3,500 rpm for 15 min. To 5 mL of supernatant, 3 mL of 1% FeCl3 in 1 M HCl was added and heated (water bath, 45 min). After cooling, 5 mL HCl was added, and the mixture rested for 2 h. Then 5 mL of 1.5 M NaOH was added, incubated (water bath, 15 min), and centrifuged (3,500 rpm, 15 min.). From the supernatant, 1mL was diluted with 4.5 mL of distilled water and 4.5 mL of orthophenanthroline reagent; optical density was measured at 470 nm. A standard curve was prepared using Mohr salt (10 µg Fe/mL) and results expressed as mg phytate/100g dw.
2.5 Vitamin Determination
2.5.1 Vitamin A (β-carotene)
The provitamin A (β-carotene) content of the seed flours was determined spectrophotometrically using the method of Srivastava and Kumar (2002). Carotenoids were extracted from 1 g of flour with chloroform under dim light, and UV absorbance was measured at 328 nm. Quantification was performed against a β-carotene standard calibration curve (R2>0.99), and results expressed as µg β-carotene/100g dw.
2.5.2 Vitamin C (Ascorbic Acid)
Vitamin C (mg ascorbic acid/100 g dw) was determined using Amadi et al. (2012). Five mL of aqueous extract (prepared by blending 1 g of flour with 20 mL of 3% metaphophoric acid-8% acetic acid extractant), was centrifuged at 3000 rpm for 10 min and pipetted into a 250 mL conical flask. About 37.5 mL of distilled water and 1 mL of starch indicator were added. The solution was titrated with a standardized 5 mM iodine solution to the first persistent blue-black endpoint.   
2.5.3 Vitamin E (α-Tocopherol) 
Vitamin E (µg α-tocopherol/100 g dw) was determined using Amadi et al. (2012) with minor modifications. One gram of flour was saponified by refluxing (45 min) with 10 mL of absolute ethanol and 20 mL of 1 M alcoholic H2SO4. After cooling, the unsaponifiable fraction was extracted with 30 mL diethyl ether, washed with acid-free water, and dried over anhydrous Na2SO4. The residue was dissolved in 10 mL of absolute ethanol. Aliquots (transferred to 20 mL flasks) were reacted with 1 mL of concentrated HNO3 at 900C for 3 min, cooled rapidly, and adjusted to volume with absolute ethanol. Absorbance was measured at 470 nm. The quantification was performed against an α-tocopherol standard curve (R2 > 0.99). 
2.6 Functional Properties of Flour
2.6.1 Bulk Density
Bulk density (g/m) was done using Onwuka (2018). A 50 g, of the flour was gently poured into a pre-weighed 100 mL graduated cylinder and tapped 50 times. The volume occupied was recorded as: Bulk density (g/mL) = mass of flour (g) / volume occupied (mL)
2.6.2 Water Absorption Capacity (WAC)
Water absorption capacity was done by John et al. (2021). One gram of flour was dispersed in 20 mL of distilled water in a pre-weighed centrifuged tube, vortexed for 30 s and allowed to stand for 30 min at 250C and centrifuged at 2,000 rpm for 30 min. The supernatant was decanted and measured as: 
 WAC = 100
Where Vinitial = Initial water volume; Vsupernatant =volume of decanted supernatant and Wsample = dry weight of sample.
2.6.3 Oil Absorption Capacity (OAC)
OAC was determined using John et al., (2021). The distilled water was replaced with refined palm oil. One gram of flour was dispersed in 20 mL oil, allowed to stand for 30 min and centrifuged at 2,000 rpm for 30 min. OAC (%) was calculated as 
= 
2.6.4 Foaming Capacity and Stability
Foaming capacity (FC) and Foam Stability (FS) were evaluated at 320C following the method of John et al. (2021). Two grams of flour was dispersed in 50 mL distilled water and blended at high speed for 2 min using a laboratory blender. The whipped mixture was transferred immediately to a 100 mL graduated cylinder, and the volume was recorded at 0 min (foam volume, FV0) and at 60 min (FV60).
FC (%) = × 100
FS (%) = × 100
2.6.5 Least Gelation Concentration (LGC)
LGC was determined using Arise et al., (2016). Flour dispersions of 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, and 30% (w/v) were prepared in 5 mL of distilled water in screw-capped test tubes. Dispersions were heated in a water bath at 900C for 1 h, then cooled rapidly under running tap water and conditioned at 10 ± 20C for 2 h. The LGC was recorded as the lowest concentration at which the gel in the inverted tube showed no slippage or flow for > 30 s.
2.7 Statistical Analysis
All analyses were conducted in triplicate (n = 3) and results were expressed as mean ± standard deviation (SD). Data were subjected to one-way analysis of variance (ANOVA) using IBM SPSS Statistics version 23.0 (IBM Corporation Armonk, NY, USA). Significant differences among means were identified by Fisher’s least significant differences (LSD) at p<0.05. 
3. RESULTS AND DISCUSSION
3.1 Effects of Boiling Duration on the Proximate Composition of Njangsa Flour
The results of the proximate composition of the samples are shown in Table 1. From the data in Table 1, the moisture content of R. heudelotti flour ranged from 4.63-5.44% from G1 to G3, with no statistically significant difference (p<0.05). All samples recorded low moisture content (<6%), indicating effective drying. Oilseed flours with moisture content below 8% are generally accepted as shelf-stable (Ogunlakin et al., 2012). The marginal increase in moisture with extended boiling is consistent with earlier reports (Djikeng at al., 2017) for processed walnut (Tetracarpadium conophorum) seed flour and 8.7-10.2% in R. heudelotii seed flour reported by Kouame et al., (2015). Crude protein content declined progressively from 24.75% (GI) to 24.12% (G2) and 23,62% (G3) without any difference (p<0.05). The recorded values were related to the protein range of 21-26 g/100g dw reported for njangsa seeds by Adome et al. (2022). This confirms the nutritional relevance of the seed as a protein source in the West and Central African food systems. Protein reduction with increased boiling time could be explained by Maillard reactions involving amino acid groups, particularly lysine residues, progressive denaturation, and leaching (Shimelis and Rakshit, 2007). However, the protein content of G3 still compares favorably with conventional legumes such as cowpea (23-35 g/100g dw) (Giami, 2020),  
The crude fat content was significantly affected by boiling treatment (p<0.05). The unprocessed flour had the highest crude fat content (39.28%), followed by G2 (34.08%) and G3 (35.29%). This could be attributed to lipid solubilization and leaching (Tenyang et al. 2017). The slight recovery in fat content in G3 relative to G2 may reflect reabsorption of surface lipids. The observed fat contents were slightly lower than the values (44.9-58.76 g/100g dw) reported by Kouame et al., (2015). 
The ash content of the three samples ranged from 2.19% (G3) to 2.78 (G2), with G1 having an intermediate value (2.4%). There was no statistical difference (p<0.05) between the samples. The highest ash content in G2, despite intermediate processing, suggests a complex interplay between mineral solubilization (leaching) and concentration effects after drying. Apparent ash content of heat-treated seeds is influenced by mineral leaching into cooking water and reduced interference between anti-nutrients such as phytates (Samtiya et al., 2020). The ash value in the present study is comparable to that reported by Mezajoug and Tchiegang (2016) for defatted njangsa flour (2.0-3.1 g/100 g dw).
The total carbohydrate was significantly influenced by boiling duration (p<0.05). G1, unprocessed njansa seed flour, has the least carbohydrate of 27.91%, while G3 had the highest (32.42%). There was no significant difference in carbohydrate between G3 and G2. Because carbohydrate content was estimated by difference, the values were cumulative differences from the other proximate fractions. The trend, however, was consistent with the findings of Ihemeje et al. (2015) with increased carbohydrate values in thermally processed African walnut seeds. The high carbohydrate content of all samples indicates that Njangsa seed flour can contribute to dietary energy intake (Aniemena et al., 2024).
Table 1: Proximate Composition (%) of Njangsa Samples as affected by boiling time
	Proximate Parameter (%)
	G1
	G2
	G3

	Moisture
	4.63 ± 0.09 
	4.69 ± 0.85
	5.44 ± 0.35

	Crude Protein
	24.75 ± 0.71  
	24.12 ± 0.71
	23.62 ± 0.00

	Crude Fat
	39.28 ± 0.14 
	34.08 ± 0.00
	35.29 ± 0.42

	Crude Fiber
	1.03 ± 0.04
	1.04 ± 0.54
	1.04± 0.45

	Crude ash
	2.40 ± 0.00 
	2.78 ± 0.00
	2.19 ± 0.01

	Carbohydrate
	27.91 ± 0.49 
	33.29 ± 1.87
	32.42 ± 0.61


Values are means ± standard deviation of duplicate determination. ns = not significant; * = significant difference (p<0.05); Values in same row bearing different superscripts are significantly different. Where G1 = Boiling at 80oC, 0hr; G2 = Boiled at 80oC, 2hr; G3 = Boiled at 80oC, 4hr.
3.2 Effect of Boiling Duration on the Phytochemical Composition of Njangsa seed flour
The result of the phytochemical composition of njangsa seed flour as affected by boiling is shown in Table 2. Total phenolic content (TPC) increased significantly (p<0.05) with boiling duration, from 7.09 mg GAE/100g in the unprocessed control (G1) to 8.41 and 8.46 mg GAE/100 g in G2 and G3, respectively. Moderate thermal treatment (650C) of Cameroonian spices and herbs promoted the release of phenolic compounds from bound cellular walls (Choumessi et al., (2021). Heat treatment can also inactivate endogenous polyphenol oxidase, prevent phenolic oxidation, and increase available TPC (Gunathilake et al., 2018). The plateau observed between G2 and G3 suggests that most heat-labile bound phenolics are liberated within the first 2 h of boiling. This is important for processing optimization.
Flavonoid content showed a progressive, non-significant (p<0.05) increase with boiling duration, from 5.61 mg QE/g in G1 to 5.88 in G2 and 6.01 mg QE/g in G3. This is similar to the result obtained for TPC above. Heat increases the solubilization of flavonoids from bound cell walls and their bioavailability. Higher flavonoids were reported in boiled broccoli and spinach than in raw controls (Mazeo et al., 2011). The values are similar to those reported by Bouba et al. (2010) for African spices. 
Oxalate content did not change significantly (p<0.05) across treatments. The range of oxalate was 3.17 mg/100g in G2 to 4.16 mg/100g in G3. While a reduction in G2 relative to G1 (3.85 mg/100g) is noted, the non-linear pattern in G3 suggests that aqueous oxalate dynamics are not straightforward. Savage and Martensson (2010) reported that boiling reduced oxalate content of taro leaves by 47% after 40 min due to leaching. All recorded oxalate values are below the threshold (>50mg/100g) associated with adverse antinutritional factors (Gupta et al., 2015). 
The phytate content of the boiled seed flour showed significant differences (p<0.05). The 2 h boiling treatment (G2: 191.49 mg/100g) had the lowest phytate content compared to the 4 h boiling treatment (G2: 240.91 mg/100g) and the unprocessed seed flour (G1: 249.03 mg/100g).  The reduction in the 4 h heat-treated seed flour reflects the well-documented roles of heat and aqueous processing in hydrolysis of phytate (Gupta et al., 2015; Samtiya et al., 2020). However, the unexpected increase in phytate in G3 may be explained by concentration effects caused by dehydration during extended boiling, enhanced extractability by release of bound phytate or by the precipitation of insoluble phytate-mineral complexes (Mohammed et al., 1986). This trend was also noted in other thermally treated legumes (Shimelis and Rakshit, 2007). This shows that longer boiling times may not always be effective, as they cause energy waste, nutrient losses, and no significant phytate benefit. The phytate value of G2 (at 2 h boiling) was within the range that causes mineral binding. For effective nutritional benefits, phytate reduction can be achieved through a combination of other methods, such as fermentation, soaking, and germination (Samtiya et al., 2020; Chude et al., 2021).
Table 2: Phytochemical composition (mg/100g) of R. heudelotii (Njangsa) Seed flour as affected by boiling duration (mean± SD, n=2)
	Samples
	G1
	G2
	G3
	LSD (P<0.05)

	Flavonoids (mg QE/g)
	5.61±0.13
	5.88±0.00
	6.01±0.00
	ns

	Total Phenols (mg GAE/100g)
	7.09±0.00b
	8.41±0.20a
	8.46±0.13a
	*

	Oxalate (mg/100g)
	3.85±0.01
	3.17±0.08
	4.16±0.15
	ns

	Phytate (mg/100g) 
	249.03±2.88a
	191.49±2.89b
	240.91±5.20ab
	*


Values are means ± standard deviation of duplicate determination. ns = not significant; * = significant difference (p<0.05); Values in same row bearing different superscripts are significantly different. Where G1 = Boiling at 80oC, 0hr; G2 = Boiled at 80oC, 2hr; G3 = Boiled at 80oC, 4hr.
3.3 Effects of Boiling Duration on Vitamin Content
The results of the effect of boiling on the vitamin content of njangsa seed flour is shown in Table 3. Vitamin A (β-carotene) content of the seed flour significantly (p<0.05) increased with boiling but plateaued after 2 h. The progressive reduction with increasing boiling duration is consistent with the known heat and oxidative lability of carotenoids, particularly β-carotene (Rodgriguez-Amaya, 2019). When vitamin A conservation is a priority, boiling time should be kept to a minimum. Despite the reduction, residual vitamin A activity in G3 remains nutritionally relevant, especially in Nigeria where provitamin A deficiency is endemic. 
The vitamin C content of the seed flour of njangsa showed a non-linear response to boiling duration. G2 recorded the highest value (3.73 mg/100 g), significantly (p<0.05) greater than both G1 (2.83 mg/100 g) and G3 (2.83 mg/100 g). The initial increase in vitamin C at 2 h boiling is counterintuitive. It may be attributed to disruption of the cell wall to enhance vitamin C (Lee et al., 2018; Gunathilake et al., 2018). The eventual decline in G3 after 4 h of boiling could be attributed to irreversible thermal-induced oxidation of vitamin C and leaching (Choumessi et al., 2021). These findings suggest that short-duration boiling at 800C for 2 h or less is optimal for vitamin C retention in njangsa seed flour. 
Vitamin E content declined significantly (p<0.05) from 4.58 mg/100 g (G1) to 3.54 mg/100 g and 3.66 mg/100 g in G2 and G3, respectively. This may be attributed to thermal degradation and oxidative loss of tocopherols (Amadi et al., 2012). The slight increase observed at 4 hours could be attributed to enhanced extractability of vitamin E from the disrupted cell wall, (Kinge et al., 2019). Vitamins E reduces cancer, diabetes, and aging risks (Olanipekun et al., 2011).
Table 3: Vitamin content of Njangsa Seed (mg/100g dw) of R. heudelotii (Njangsa) as affected by Boiling Duration
	Samples
	G1 (0 h)
	G2 (2 h)
	G3 (4 h)
	LSD(p<0.05)

	Vitamin A (mg/100g)
	10.08±0.01a
	11.04±0.01b
	11.23±0.01b
	*

	Vitamin C (mg/100g)
	2.83±0.00b
	3.73±0.18a
	2.83±0.36b
	*

	Vitamin E (mg/100g)
	4.58±2.70
	3.54±1.75
	3.66±2.10
	Ns


Values are means ± standard deviation of duplicate determination. ns = not significant; * = significant difference (p<0.05); Values in same row bearing different superscripts are significantly different. Where G1 = Boiling at 80oC, 0hr; G2 = Boiled at 80oC, 2hr; G3 = Boiled at 80oC, 4hr.
3.4 Effects of Boiling Duration on the Functional Properties of Flour
The functional properties of the njangsa seed flour as affected by boiling is shown in Table 4. Bulk density increased with boiling duration from 0.54 g/ml in G1 to 0.56 g/ml in G3. Bulk density is a critical for packaging design, reconstitution and energy density in flour foods (Ogunlakin et al., 2012). The values recorded (0.56-0.62 g/mL) are comparable to the values recorded (0.56-0.62 g/mL) for Bambara nut flour by Eltayeb et al., (2011). The slight increase with boiling duration may be attributable to partial gelatinization and swelling of starch granules, which increases particle density and packing efficiency after milling (Arise et al., 2016). 
Water absorption capacity (WAC) increased significantly (p<0.05) with boiling duration from 102% I G1 to 108% in G2 and 127.5% in G3. Water absorption reflects the capacity of flour proteins and starches to bind and retain water. This is critical for the texture and mouthfeel of foods, especially in thickeners, dough-based and extruded products (Arise et al., 2016). The progressive enhancement in WAC with boiling duration is consistent with heating-induced protein denaturation and increase in water-binding sites (Yusuf et al., 2007). Also, starch gelatinization during prolonged boiling increases the surface area for water interactions (Okpalamma et al., 2025). These values exceed the values reported by Adeleke et al. (2017) for Bambara nut flour, confirming the superior hydration potential of njanga with extended boiling.
The oil absorption capacity (OAC) increased significantly with boiling duration (p<0.05) from 116.5% (G1) to 123.0% in G2 and 133.0% in G3. OAC is a determinant of fat retention in emulsified food products such as sausages, meat analogues and baked goods. In these foods, high OAC improves flavor retention, mouthfeel, and moisture protection (Arise et al., 2016; Ogunlakin et al., 2012). The OAC of G3 (133%) compares favorably with the values reported for soybean flour (130-145%) (Giami, 2020). The reported value supports the potential use of boiled njangsa flour as an ingredient in oil-based food formulations.  
Both foaming capacity and foam stability were undetectable in all three flour samples in the present study. The complete absence of foaming activity is a notable finding and distinguishes R. heudelotii flour from other legume flours, such as soybean and cowpea, with significant foaming capacity (10-50%) (Aremu et al., 2007). The high lipid content of Njangsa seeds is likely to suppress foaming by destabilizing the foam through lipoprotein interactions (Giami, 2020). These findings suggest that defatting njangsa flour prior to functional application may be necessary to reveal latent foaming potential.
The least gelation concentration of GI flour was 20% (w/v), which increased to 30% in both G2 and G3. Higher LGC in boiled samples indicates reduced gelling potential of njangsa flour, possibly through heat-induced denaturation and aggregation of gelling proteins (Aremu et al., 2007). Despite the increased LGC in the heat-treated samples, the values are within acceptable limits for potential applications in gel-textured products such as vegetable-set puddings, composite flours for fortified weaning foods, and encapsulated structures in functional food formulation.
Table 4: Functional properties of R. heudelotii (Njangsa) flour as affected by boiling duration
	Samples
	G1 (0 h)
	G2 (2 h)
	G3 (4h)
	LSD(P<0.05)

	Bulk density (g/ml)
	0.54±0.14
	0.55±0.06
	0.56±0.04
	Ns

	Water absorption capacity (%)
	102.00±1.41 c
	108.50±1.41 b
	127.50±1.4a
	*

	Oil absorption capacity (%)
	116.50±0.14 c
	123.00±0.01 b
	133.00±0.03 a
	*

	Foam capacity (%)
	Nil
	Nil
	Nil
	-

	Foam capacity (%)
	Nil
	Nil
	Nil
	-

	Least Gelation Concentration (LGC) (%)
	20
	30
	30
	*


Values are means ± standard deviation of duplicate determination. ns = not significant; * = significant difference (p<0.05); Values in same row bearing different superscripts are significantly different. Where G1 = Boiling at 80oC, 0hr; G2 = Boiled at 80oC, 2hr; G3 = Boiled at 80oC, 4hr.
4. Conclusion
This study presents the first documented nutritional and functional characterization of the Ricinodendron heudelotii (njanga) seed flour as affected by boiling duration. The study showed a non-linear, boiling time effect on the parameters studied. No single boiling time was optimal for all properties measured. Processing recommendations should be based on the flour's end-use objective.  Crude protein, crude fat and vitamin A were reduced with increasing boiling time. These were attributed to maillard reaction, leaching and cellular disruption. However, the crude protein content of the flour sample boiled for 4 h remained nutritionally relevant (23.62 g/100 g dw). Phytate content was also reduced after boiling for 2 h, but increased to 249.03 mg/100g after 4 h. This indicates that extended boiling does not guarantee progressive reduction in antinutritional factors. Total phenolics and flavonoids increased with boiling (7.09 to 8.46 mg GAE/100g dw; p<0.05). Vitamin C increased at 2 h (3.73 mg/100g) and reduced again after 4 h. There was no significant change in vitamin E content even after 4 h of boiling. Water and oil absorption capacities and least gelation concentration increased with boiling time (127.5% and 133.5%, respectively) after 4 h. Extended boiling time is beneficial for the viscous and emulsified food applications of the seed flour. However, there will be a partial reduction in gelling efficiency. Foaming was undetectable in all the samples. From the results, boiling at 800C for 2 hours is optimal and recommended.  Two (2) hours of boiling time yielded optimal phytate reduction and preservation of vitamin A and C. However, for composite food applications as soup thickeners, fortified baked foods, and extruded food products where maximum water- or oil-absorption is desired, 4-hour treatment is recommended.  
Future research should include additional boiling times, such as 60°C and 100°C, in vitro protein digestibility, sensory evaluation and shelf-life studies. The effects of combined processing interventions, such as fermentation and soaking, on antinutrient factors and mineral bioavailability should be studied. These investigations would provide a clearer understanding of the food industry's potential for this underutilized yet nutritious African oilseed. 
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