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Introduction
African yam bean (AYB) is a native legume crop from Africa with significant nutritional and health potential. In Togo, however, the crop remains underutilized and neglected due to a lack of awareness of its substantial potential. This study aimed to analyze seeds from different accessions of AYB cultivated in Togo in order to compare their biochemical properties and identify superior genotypes that could be promoted in the Togolese population's diet through direct consumption or food fortification.
Methods
Twenty-two accessions of AYB cultivated in Togo were profiled for their nutritional composition, antinutritional factor content, and mineral composition.
Results and Discussion
The accessions were grouped into five clusters: cluster II was prominent with 11 accessions, while cluster V had only one accession. Accessions HIA A10, HIA A13, HIA A14, HIA A28, HIA A39, HIA A68, HIA A84, HIA A2, HIA A75, and HIA A87 exhibited desirable levels of nutrients such as protein, fiber, Mg, and Fe, which could be exploited for the further development of AYB in Togo. Correlation analysis revealed low to moderate positive and significant (P < 0.05) association between some parameters such as Mg and Vit C or P and Ca indicating that such parameters could be simultaneously selected during programs aimed at improving the nutritional quality of AYB accessions.
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BACKGROUND
Malnutrition is the cause of at least half of all child deaths worldwide. This public health issue is particularly severe in developing countries, leading to chronic deficiencies in energy, protein, or micronutrients in children under five (Yue et al., 2022). Many of these countries face the “triple burden” of malnutrition, which is characterized by the coexistence of undernutrition, micronutrient deficiencies, and overweight or obesity (FAO, 2019). This phenomenon affects millions of people worldwide, impacting households and entire populations throughout their lives, resulting in losses of human capital and hindering economic growth.
Togo, like most African nations, grapples with the triple burden of malnutrition. According to a demographic and health survey, 23.7% of children under five in Togo suffer from stunting, and 6.7% experience acute malnutrition. Micronutrient deficiencies are also widespread, with high rates of vitamin A deficiency (35%) and anemia (74%) among children under five. The prevalence of anemia remains high among adults, affecting 48% of women aged 15%–45% and 64% of pregnant women (FAO, 2019).
Despite these challenges, many locally adapted, highly nutritious native African crops that are resilient to the biotic and abiotic stresses exacerbated by climate change, such as the African yam bean (AYB) (Sphenostylis stenocarpa), are threatened with extinction (Akpavi et al., 2008; Batawila et al., 2005). AYB is a legume used by local populations in West and Central Africa to supplement their diets with essential amino acids and protein, due to the high cost of animal protein (Toyosi et al., 2020). The plant produces seeds that vary in size, shape, and hull color, as well as highly nutritious tuberous roots. Its amino acid profile meets the FAO’s daily dietary requirements and is considered superior to most legumes, even comparable to that of whole chicken eggs (Gbenga-Fabusiwa, 2021). Furthermore, the crop can withstand adverse conditions, including prolonged drought (Toyosi et al., 2020). Beyond their high nutritional value, the beans from this crop contain phytochemicals that may help reduce the risk of diseases such as cardiovascular disorders and other degenerative conditions, suggesting that AYB could be beneficial for individuals suffering from cardiovascular disease (Ade-Omowaye et al., 2015; Oboh, 2006; Soetan et al., 2018).
However, despite its immense potential for improving food security, nutrition, and resilience to environmental stresses, AYB has not yet been widely cultivated and integrated into the Togolese agricultural system. The underutilization of this crop can be partly attributed to limited knowledge about the species, its long cooking time, its relatively long vegetative cycle (7–8 months), the dietary habits of the population, and the presence of antinutritional factors such as tannins, phytates, and oxalates in the seeds (Baudoin and Ngansia, 2004). These antinutritional factors can interfere with the absorption or bioavailability of nutrients. However, some can be beneficial when consumed in appropriate amounts (Shitta et al., 2022). Biochemical characterization of a species, including analysis of proteins, lipids, carbohydrates, fiber, vitamins, minerals, tannins, oxalates, and phytates, is essential for guiding the adoption of these crops by the population. However, little research has been conducted on AYB germplasm in Togo, and the main attributes of this germplasm remain unknown. This information is important for utilizing and exploiting neglected and underused crops such as AYB for breeding purposes, food processing, and nutrition. Therefore, to contribute to the sustainable promotion of the genetic resources of S. stenocarpa, this study aims to assess the nutritional value and biochemical composition of AYB accessions grown in Togo. Specifically, it aims to determine the proximate and mineral composition, macronutrient levels, and the presence of antinutritional factors (phytates, tannins, polyphenols) in AYB accessions cultivated in Togo, with the goal of identifying contrasting genotypes for future breeding programs and promoting the sustainable use of the crop.
MATERIALS AND METHODS
Study zone
The plant material used in this study consists of 22 HIA accessions (Figure 1) supplied by the Centre de Recherche Agronomique du Littoral of the Institut Togolais de Recherche Agronomique, located in Davié (6°23′35.5″N, 1°12′25.5″E), 25 km north of the capital Lomé, in the Maritime region. The Maritime region is characterized by a long rainy season from April to June and a short rainy season from September to October, with dry seasons in between. The average annual rainfall reported from 1991 to 2020 varied from 800 mm near the coast to 1,400 mm in the northern part of the basin. The average annual air temperature ranged from 24 °C to 30 °C. The region’s soil consists of a high proportion of fertile bare soils and ferruginous, ferralitic, and vertisol soils, all of which are generally suitable for agriculture (Barry et al., 2024).
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The 22 AYB accessions (Figure 1) were collected during a survey conducted across the country between 2019 and 2021. The seeds used for this study were harvested during the 2020–2021 season, following an alpha-lattice design. A 900 m2 plot (36 m × 25 m) was divided into blocks using the alpha-lattice design with three replicates. Each replicate consisted of four sub-blocks. Each sub-block contained nine elementary plots, which were arranged as ridges 3 m long and 1 m wide. The interval between each replicate was 1.5 m, and the distance between sub-blocks was 1 m. The sowing pattern was 50 cm × 1 m, with three seeds sown per accession. After emergence, weeding was carried out to ensure only one vigorous seedling remained per poquet. Four weedings were performed as required. No chemical treatments were applied to control pests.
Biochemical analysis
The measurements of the different nutrients content were done in triplicate. For the proximate composition, water, ash and protein content were determined as described by AOAC (1990) while lipid content was quantified using the Soxhlet method (AOAC, 2006). The fiber content was determined using the method described by Wolf (1968). Carbohydrates content was determined using spectroscopy following the method described by DuBois et al. (1956). The energy value was obtained as described by Manzi et al. (1999) using the Atwater digestibility coefficients for proteins, carbohydrates and lipids. Minerals were analyzed using an atomic absorption spectrophotometer (AAS) for iron, zinc, copper, and magnesium, and a flame photometer for phosphorus, potassium, sodium, and calcium. For this procedure, 3 g of the sample previously dried and ground to determine water content was weighed into a crucible. The crucible was then placed in a furnace at 550 °C for 6 h. After cooling in a desiccator, the resulting ash was dissolved in a 100 mL volumetric flask by adding 1 mL of nitric acid, filtering through Whatman paper, and diluting with distilled water to the mark (NF EN 14084). The distillate was then read by AAS and flame spectrophotometer through a probe. For the content of Vitamin C, the iodometric method described by Raman et al. (2023) was used. Vitamin C was reacted with a known excess of diiodine (I2). The excess was assayed with a thiosulphate solution in the presence of starch and phosphoric acid. For the antinutritional factor, total phenolic compounds were determined by assay using the Folin-Ciocalteu method described by Cicco and Lattanzio (2011) while the tannins were determined after extraction in 70% methanol using the modified vanillin method of Bainbridge et al. (1996). The phytates content was determined using the method described by Adeyemo and Onilude (2013).
Statistical analysis
Data were compiled in Excel and analyzed using XLSTAT version 2021.2.2. One-way analysis of variance (ANOVA) was used to assess significant differences between the different accessions for each parameter evaluated. The Student–Newman–Keul (SNK) test was used to separate accessions that were statistically different at the 5% level and to compare group means. Spearman’s correlation test was used to assess the association between the different parameters evaluated. Principal component analysis and hierarchical ascending classification were used to group the different accessions and highlight relationships among them.
RESULTS
Proximate composition
The proximate composition of the 22 AYB accessions is shown in Table 1.
TABLE 1 | Proximate composition of twenty-two African yam bean accessions (mg/100 g).	Accessions	Water (%)	Ash (%)	Lipids (%)	Proteins (%)	Carbohydrates (%)	Fibre (%)	Energy (Kcal/100 g)
	HIA A2	10.30c (0.08)	3.89c (0.01)	3.08b (0.24)	26.45ab (1.08)	41.1e (0.22)	5.72ef (0.75)	297.90e (5.52)
	HIA A6	10.12c (0.04)	3.62de (0.28)	2.59b (0.48)	22.19b (1.07)	43.87d (0.14)	5.85ef (0.22)	287.60e (5.16)
	HIA A10	10.46c (0.07)	4.36a (0.05)	1.81c (0.17)	31.66a (2.08)	43.63d (0.35)	7.05b (0.03)	317.50c (7.85)
	HIA A12	8.70e (0.24)	3.45ef (0.06)	1.94c (0.20)	21.70b (3.21)	45.38c (0.67)	5.76e (0.05)	285.80e (13.5)
	HIA A13	10.06cd (0.37)	3.63e (0.06)	2.22c (0.58)	20.72c (0.42)	49.46b (0.34)	5.42f (0.05)	300.70e (5.14)
	HIA A14	10.26cd (0.23)	4.10b (0.04)	3.27ab (0.58)	23.43b (1.16)	48.72b (0.19)	7.13ab (0.86)	318c (6.41)
	HIA A25	10.67b (0.05)	4.14b (0.03)	3.54ab (0.78)	16.89d (0.26)	43.18d (0.16)	6.75c (0.15)	272.1f (7.13)
	HIA A28	9.95cd (0.20)	3.88d (0.07)	4.77a (0.50)	26.89a (1.28)	47.4b (0.26)	6.16e (0.21)	340.1b (10.23)
	HIA A34	9.65d (0.03)	2.72g (0.04)	3.93ab (0.83)	18.16cd (1.65)	47.88b (0.63)	5.74ef (0.21)	299.5c (12.79)
	HIA A35	10.01cd (0.13)	4.23a (0.05)	2.70b (0.57)	20.90c (0.17)	39.79e (0.63)	5.94e (0.04)	267.1f (2.4)
	HIA A36	10.48c (0.10)	4.34a (0.02)	2.59b (0.03)	16.91d (0.23)	40.6e (0.37)	6.74cd (0.45)	253.4g (0.97)
	HIA A39	14.97a (0.06)	4.45a (0.01)	3.70a (0.26)	24.97b (0.38)	50.96b (0.41)	9.13a (0.14)	337.1b (0.63)
	HIA A51	10.27c (0.10)	3.99bc (0.03)	3.26ab (0.69)	23.57b (1.10)	45.52c (0.41)	7.60b (0.15)	305.7c (9.26)
	HIA A59	9.57cd (0.22)	2.67g (0.02)	3.49a (0.33)	23.14b (1.16)	69.22a (0.45)	6.40d (0.08)	400.9a (9.02)
	HIA A61	9.36cd (0.12)	3.86c (0.00)	2.82b (0.02)	19.79cd (1.35)	36.7h (0.56)	6.40d (0.00)	251.3g (3.69)
	HIA A68	8.72e (0.05)	3.89c (0.01)	1.978c (0.21)	29.37a (2.65)	33.1i (0.70)	7.29b (0.03)	267.7f (12.13)
	HIA A71	9.95cd (0.23)	3.97b (0.02)	2.95b (0.31)	15.11f (0.42)	39.13f (0.32)	5.65ef (0.15)	243.5g (5.70)
	HIA A75	9.78cd (0.12)	3.96b (0.08)	2.26c (0.26)	27.23ab (1.06)	45.67c (0.18)	6.15e (0.02)	312bc (5.62)
	HIA A76	10.34c (0.19)	3.68e (0.00)	2.86b (0.17)	19.66cd (1.25)	36.8h (0.01)	6.74de (0.05)	251.6g (4.01)
	HIA A83	10.70b (0.03)	3.61e (0.08)	2.63b (0.05)	19.51cd (1.21)	38.47g (0.22)	7.19b (0.03)	255.6g (4.62)
	HIA A84	10.21c (0.08)	3.82c (0.06)	3.92a (0.97)	29.64a. (0.09)	41.95d (0.49)	6.46d (0.03)	321.6b (7.27)
	HIA A87	10c (0.01)	3.26f (0.06)	3.40a (0.27)	26.96ab (1.12)	49.24b (0.56)	6.99c (0.00)	335.4b (9.10)


For the same parameters, values bearing the same letter are not statistically different at p = 0.05.
The water content of the accessions ranged from 8.70% to 14.97%, with an average of 10.21%. The ANOVA analysis revealed a highly significant difference (p < 0.001) in water content among the accessions. According to the SNK test, accession HIA A39 had the highest water content (14.97%), while accessions HIA A12 and HIA A68 had the lowest water content (8.72% and 8.70%, respectively).
Lipid content ranged from 1.80% for accession HIA A10% to 4.77% for accession HIA A28, with an average of 2.98%. The ANOVA test indicated a highly significant difference (p < 0.001) between the 22 accessions. The SNK test showed no significant difference between the lipid content of HIA A28 and the accessions HIA A39, HIA A59, HIA A84, HIA A87, HIA A51, HIA A34, HIA A25, and HIA A14, which had lipid contents of 4.77%, 3.70%, 3.49%, 3.91%, 3.40%, 3.26%, 3.54%, 3.92%, and 3.26%, respectively. These accessions had the highest lipid contents, while accessions HIA A12, HIA A36, HIA A68, and HIA A75, with lipid contents of 1.94%, 2.59%, 1.97%, and 2.25%, respectively, had lipid contents similar to that of HIA A28.
The protein content of the accessions ranged from 15.11% to 31.66%, with an average of 22.83%. A highly significant difference was observed between the protein content of the accessions. Accessions HIA A10, HIA A28, HIA A68, HIA A84, HIA A2, HIA A75, and HIA A87, with protein contents of 31.66%, 26.89%, 29.37%, 29.64%, 26.45%, 27.23%, and 26.96%, respectively, had the highest protein contents. The SNK test revealed no significant difference among these accessions. Accessions HIA A71 had the lowest protein content (15.11%).
Fiber content ranged from 5.42% to 9.13%, with an average content of 6.73%. The ANOVA revealed a significant difference in fiber content between the 22 accessions. According to the SNK test, accessions HIA A39 and HIA A14 had the highest fiber contents (9.13% and 7.13%, respectively), while accession HIA A13 had the lowest fiber content (5.42%).
Ash content ranged from 2.67% to 4.45%, with an average of 3.73%. ANOVA statistical analysis revealed a highly significant difference in ash content between the accessions. Accessions HIA A10, HIA A35, HIA A36, and HIA A39, with ash contents of 4.35%, 4.22%, 4.34%, and 4.45%, respectively, had the highest ash content, while accessions HIA A34 and HIA A59, with ash contents of 2.72% and 2.67%, respectively, had the lowest.
Carbohydrate content ranged from 33.10% to 69.22%, with an average content of 44.44%. A significant difference in carbohydrate content was observed among the accessions, with accession HIA A59 having the highest carbohydrate content (69.22%) and accession HIA A68 having the lowest (33.10%).
Mineral and vitamin C composition
The mineral and vitamin C composition of the AYB seeds is shown in Table 2. In general, the results indicate a significant amount of K, Ca, P, Fe, Zn, Mg, and vitamin C in the seeds. The ANOVA test showed a significant difference in K, Ca, Fe, P, Zn, Cu, and vitamin C content among the 22 accessions. However, no significant difference was observed for the Mg and Na content among the 22 accessions. K content of the accessions ranged from 958.00 mg/100 g to 1,559 mg/100 g, with an average content of 1334.54 mg/100 g. The SNK test revealed that accession HIA A14 had the highest K content (1559.00 mg/100 g), while accession HIA A34 had the lowest (958.00 mg/100 g). Ca content ranged from 8.57 mg/100 g to 12.71 mg/100 g, with an average of 10.75 mg/100 g. Accession HIA A10 had the highest Ca content (12.71 mg/100 g), while accession HIA A59 had the lowest (8.57 mg/100 g). Fe content ranged from 1.56 mg/100 g to 5.25 mg/100 g, with an average of 2.64 mg/100 g. Accession HIA A13 had the highest Fe content (5.25 mg/100 g), while accession HIA A51 had the lowest (1.56 mg/100 g). P content ranged from 176.20 mg/100 g to 338.50 mg/100 g, with an average of 274.33 mg/100 g. Accession HIA A13 had the highest P content (338.50 mg/100 g), while accession HIA A34 had the lowest (176.20 mg/100 g). Zn content varied from 0.12 mg/100 g to 2.26 mg/100 g, with an average of 1.84 mg/100 g. Accession HIA A13 had the highest Zn content (2.26 mg/100 g), while accession HIA A34 had the lowest (0.12 mg/100 g). Cu content ranged from 0.03 mg/100 g to 0.18 mg/100 g, with an average of 0.11 mg/100 g. Accession HIA A39 had the highest Cu content (0.18 mg/100 g), while accession HIA A71 had the lowest (0.03 mg/100 g). Cu was not detected in 13 of the 22 accessions (HIA A2, HIA A6, HIA A12, HIA A14, HIA A25, HIA A28, HIA A35, HIA A36, HIA A51, HIA A61, HIA A76, HIA A83, HIA A84, and HIA A87). The vitamin C content of the accessions ranged from 3.01 mg/100 g to 8.59 mg/100 g, with an average of 3.96 mg/100 g. Accession HIA A10 had the highest vitamin C, while accessions HIA A76 and HIA A35 had the lowest levels (3.01 mg/100 g and 3.29 mg/100 g, respectively). Mg content of the AYB accessions ranged from 139.10 mg/100 g to 227.80 mg/100 g, with an average of 185.82 mg/100 g, while Na content ranged from 5.53 mg/100 g to 14.15 mg/100 g, with an average of 7.22 mg/100 g. No significant differences were observed between the accessions (Table 2).
TABLE 2 | mineral and vitamin C content in mg/100 g of the 21 African yam bean accessions (mg/100 g).	Accessions	K	Ca	Cu	Fe	Mg	P	Zn	Na	Vit C
	HIA A2	1301b (78.94)	10.7b (0.45)	NA	1.83b (0.01)	165.2a (19.5)	262.1ab (16.69)	1.34b (0.32)	11.55a (4.72)	3.46d (0.05)
	HIA A6	1380b (38.54)	10.83b (0.20)	NA	1.79b (0.12)	180.5a (7.43)	287.6ab (2.54)	0.67b (0.07)	6.79a (0.43)	3.67cd (0.12)
	HIA A10	1515a (41.08)	12.71a (0.15)	0.13a (0.02)	1.74b (0.46)	169a (9.89)	270.6ab (2.79)	1.30b (0.30)	10.36a (0.77)	8.58a (0.02)
	HIA A12	1278b (14.84)	10.3bc (0.68)	NA	2.41b (0.28)	156.5a (11.28)	303.5ab (3.04)	1.404a (0.18)	6.89a (1.29)	5.19bcd (1.71)
	HIA A13	1486ab (202.30)	10.75abc (1.21)	0.03c (0)	5.25a (1.15)	146.6a (4.37)	338.5a (3.08)	2.26a (0.46)	5.74a (0.23)	3.28d (0.14)
	HIA A14	1,559a (41.06)	10.6abc (0.97)	NA	2.53ab (0.35)	139.1a (38.78)	301.4ab (6.31)	1.46a (0.25)	12.4a (0.46)	3.54cd (0.08)
	HIA A25	1545ab (128.70)	12.2ab (1.15)	NA	2.27b (0.17)	178a (13.77)	323.8ab (21.1)	1.28b (0.44)	13.34a (7.11)	3.61cd (0.24)
	HIA A28	1466ab (110.40)	9.57bc (0.48)	NA	1.69b (0.08)	183.5a (40.86)	294.6 ab (4.09)	1.01b (0.34)	9.67a (0.85)	3.69cd (0.11)
	HIA A34	958c (32.71)	9.30bc (0.65)	0.04c (0.01)	1.78b (0.41)	153.8a (6.35)	176.2c (6.024)	0.12c (0)	8.62a (3.94)	3.75cd (0.21)
	HIA A35	1401ab (45.14)	9.69bc (0.38)	NA	2.22ab (0.39)	148.6a (13.69)	293.9ab (11.66)	1.19b (0.44)	10.01a (2.66)	3.28e (0.01)
	HIA A36	1513a (55.76)	9.78bc (0.39)	NA	1.7ab (0.26)	162.4a (66.94)	277.3a (26.01)	2.05a (0)	6.31a (1.05)	5.21b (0.35)
	HIA A39	1344b (54.5)	10.64bc (0.65)	0.18a (0)	2.29ab (0.27)	144.9a (12.74)	306a (15.85)	1.32a (0.16)	12.11a (5.11)	NA
	HIA A51	1259b (5.648)	10.01bc (0.26)	NA	1.56b (0.13)	168.5a (4.85)	301.6a (21.08)	1.93a (0.33)	8.60a (1.36)	3.52c (0.05)
	HIA A59	960.7c (3.171)	8.57c (0.44)	0.18a (0.02)	2.08b (0.19)	144.6a (5.79)	185.6c (6.15)	0.35bc (0.26)	5.53a (0.17)	3.24d (0.14)
	HIA A61	1406ab (55.77)	9.92bc (0.79)	NA	3.64ab (2.04)	227.8a (114.3)	288.4ab (7.30)	1.66a (0)	9.98a (2.06)	3.26d (0.16)
	HIA A68	983.6c (34.86)	9.06bc (0.4282)	0.16a (0.05)	1.93b (0.17)	162.4a (3.914)	230.5b (8.93)	1.52a (0.10)	8.41a (0.78)	3.64cd (0.09)
	HIA A71	1423ab (69.1)	11.99abc (2.09)	0.03c (0)	2.22ab (0.52)	187.3a (15.27)	306.8a (19.61)	0.77bc (0.45)	14.15a (3.95)	5.50b (0.02)
	HIA A75	1275b (40.83)	11.71abc (2.56)	0.09ab (0.01)	2.14b (0.19)	156.5a (11.33)	325.8a (5.32)	0.80bc (0.51)	9.51a (3.01)	3.49cd (0.01)
	HIA A76	1340b (20.46)	9.981bc (0.25)	NA	1.66b (0.04)	160.2a (24.48)	268.7ab (5.83)	0.70b (0.18)	9.85a (2.97)	3.01e (0.12)
	HIA A83	1382b (47.12)	9.605bc (0.54)	NA	1.74b (0.23)	166.1a (14.43)	307.8a (17.3)	1.97a (0.39)	9.47a (1.50)	3.31d (0.08)
	HIA A84	1353ab (123.1)	12.57abc (2.05)	NA	2.65ab (1.30)	197.8a (27.35)	295abc (4.05)	1.70a (0.30)	11.8a (4.11)	3.59cd (0.12)
	HIA A87	1308ab (91.59)	10.76abc (1.90)	NA	3.42ab (0.81)	151.2a (9.65)	308a (27.32)	0.44b (0.10)	10.51a (4.38)	3.18d (0.2)


For the same parameters, values bearing the same letter are not statistically different at p = 0.05.
Composition of antinutritional factors in the 22 AYB accessions
The results of the antinutritional factor content are shown in Table 3. ANOVA analysis revealed significant differences between the 22 accessions for the three antinutritional factors evaluated. The polyphenol content of the HIA accessions ranged from 1.87 × 10−4% to 6.60 × 10−3%, with an average content of 1.70 × 10−3%. Accession HIA A39, with a polyphenol content of 6.60 × 10−3%, had the highest significant polyphenol content, while accession HIA A34, with a content of 1.87 × 10−4%, had the lowest. The tannin content of the HIA accessions analyzed ranged from 5.65 × 10−3% to 1.93 × 10−2%, with an average content of 0.010%. Accessions HIA A10, HIA A12, HIA A14, HIA A36, HIA A51, HIA A75, HIA A76, and HIA A87, with tannin contents of 6.69 × 10−3%, 5.88 × 10−3%, 5.77 × 10−3%, 7.06 × 10−3%, 5.65 × 10−3%, 6.11 × 10−3%, 5.93 × 10−3%, and 8.09 × 10−3%, respectively, had the lowest tannin contents. In contrast, accessions HIA A39, HIA A6, HIA A13, and HIA A61, with tannin contents of 5.66 × 10−3%, 1.59 × 10−2%, 1.66 × 10−2%, and 1.70 × 10−2%, respectively, had the highest levels. Phytate content varied from 0.18% to 0.60%, with accession HIA A34 having the lowest content and accession HIA A36 having the highest content (Table 3).
TABLE 3 | Anti-nutritional factor composition of 22 African yam bean accessions (%).	Accessions	Polyphenols	Tanins	Phytates
	HIA A2	1.26 × 10−3g (4.21 × 10−4)	9.37 × 10−3c (4.92 × 10−4)	0.33f (7.19 × 10−4)
	HIA A6	5.19 × 10−4g (3.76 × 10−5)	1.59 × 10−2ab ± (9.54 × 10−4)	0.37e (1.69 × 10−4)
	HIA A10	5.28 × 10−3b (4.4 × 10−4)	6.69 × 10−3d (5.43 × 10−4)	0.26g (0.01)
	HIA A12	7.73 × 10−4f (3.164 × 10−5)	5.88 × 10−3d (6.08 × 10−4)	0.34d (0.01)
	HIA A13	7.30 × 10−4g (1.464 × 10−4)	1.66 × 10−2ab (8.84 × 10−4)	0.412c (5.89 × 10−5)
	HIA A14	6.052 × 10−4g (2.332 × 10−5)	5.77 × 10−3d (1.23 × 10−3)	0.37d (4.89 × 10−3)
	HIA A25	9.67 × 10−4e (5.64 × 10−5)	9.05 × 10−3c (5.03 × 10−4)	0.37e (4.09 × 10−4)
	HIA A28	3.649 × 10−3c (2.145 × 10−4)	9.16 × 10−3c (4.14 × 10−4)	0.34d (0.01)
	HIA A34	1.872 × 10−4i (2.91 × 10−5)	9.76 × 10−3c (5.92 × 10−4)	0.18h (0.01)
	HIA A35	3.782 × 10−4h (1.27 × 10−5)	8.72 × 10−3c (1.53 × 10−4)	0.37d (1.16 × 10−4)
	HIA A36	3.53 × 10−3c (1.31 × 10−4)	7.06 × 10−3d (1.28 × 10−3)	0.60a (0.03)
	HIA A39	6.59 × 10−3a (8.87 × 10−5)	1.93 × 10−2a (1.80 × 10−3)	0.41b (1.20 × 10−4)
	HIA A51	1.87 × 10−3d (3.48 × 10−5)	5.65 × 10−3d (4.8 × 10−4)	0.37d (6.394 × 10−5)
	HIA A59	3.93 × 10−4h (1.173 × 10−6)	1.21 × 10−2c (8.012 × 10−4)	0.26g (1.45 × 10−4)
	HIA A61	5.53 × 10−4g (6.47 × 10−005)	1.7 × 10−2ab (1.764 × 10−3)	0.37d (5.5 × 10−5)
	HIA A68	2.87 × 10−4g (1.247 × 10−4)	1.13 × 10−2c (2.58 × 10−4)	0.22g (0.01)
	HIA A71	3.32 × 10−3c (2.38 × 10−4)	1.06 × 10−2c (1.35 × 10−3)	0.32e (0.02)
	HIA A75	7.30 × 10−4g (1.32 × 10−4)	6.11 × 10−3d (1.33 × 10−4)	0.37d (3.74 × 10−4)
	HIA A76	1.73 × 10−3d (1.27 × 10−4)	5.93 × 10−3d (6.95 × 10−4)	0.32e (0.02)
	HIA A83	7.73 × 10−4f (7.65 × 10−5)	1.076 × 10−2c (2.704 × 10−4)	0.37d (6.41 × 10−4)
	HIA A84	3.181 × 10−3c (4.122 × 10−4)	1.20 × 10−2b (2.56 × 10−3)	0.314f (0.01)
	HIA A87	6.86 × 10−4g (1.482 × 10−4)	8.09 × 10−3d (1.675 × 10−3)	0.32e (0.02)


For the same parameters, values bearing the same letter are not statistically different at p = 0.05.
Hierarchical cluster analysis
The hierarchical cluster analysis performed on the 22 accessions based on biochemical parameters revealed five clusters (Figure 2; Table 4). Cluster II was the most prominent, containing 11 accessions. It was followed by Cluster I, consisting of six accessions; Clusters III and IV, with two accessions each; and Cluster V, which contained only one accession (HIA A39). Table 4 shows the hierarchical cluster details.
[image: Dendrogram showing hierarchical clustering of samples labeled HIA A10 through HIA A76. The y-axis represents dissimilarity, ranging from 0 to 80. Five clusters (C1 to C5) are distinguished by colors: C4 in red, C5 in yellow, C3 in green, C1 in pink, and C2 in blue. A dashed line indicates a cutoff level around 30 dissimilarity.]FIGURE 2 | Hierrarchical clustering of the 22 African yam bean accessions.TABLE 4 | Cluster analysis of the 22 African yam bean accessions.	Cluster	I	II	III	IV	V
	Number of accessions	6	11	2	2	1
		HIA A2	HIA A6	HIA A10	HIA A34	HIA A39
		HIA A14	HIA A12	HIA A68	HIA A59	
		HIA A28	HIA A13			
		HIA A51	HIA A25			
		HIA A84	HIA A35			
		HIA A87	HIA A36			
			HIA A61			
			HIA A71			
			HIA A75			
			HIA A76			
			HIA A83			


Table 5 presents the analysis of variance for the biochemical composition of the 22 AYB accessions following the clustering. Highly significant differences (p < 0.01) were found among the clusters for all the measured parameters, except for Ca, Fe, Mg, and Na content. Accessions in Cluster III had the highest protein content, with a mean value of 30.52%. However, this content was not significantly different from that of Cluster I (26.16%) and Cluster V (24.97%), but it significantly differed from the protein content of accessions from Cluster II (19.84%) and Cluster IV (20.65%).
TABLE 5 | Analysis of variance of the biochemical composition of the 22 African yam bean accessions by hierarchical cluster.	Cluster	Water (%)	Ash (%)	Lipids (%)	Proteins (%)	Carbohydrates (%)	Fibre (%)	Energy (Kcal/100 g)	Polyphenols (%)	Tanins (%)	Phytates (%)
	I	10.62b	3.64a	3.62a	26.16ab	45.66b	6.68b	319.78ab	0.000c	0.01b	0.34ab
	II	10.81b	3.7a	2.65ab	19.84b	41.73b	6.24b	270.97b	0.000C	0.01b	0.39a
	III	10.42 b	4.13a	1.90b	30.52a	38.37b	7.18b	292.60ab	0.005b	0.01b	0.25b
	IV	9.61b	2.71b	3.71a	20.65b	58.55a	6.07b	350.20a	0.000c	0.01b	0.22b
	V	14.97a	4.45a	3.71a	24.97ab	50.96ab	9.13a	337.10a	0.01a	0.02a	0.41a
	Mean (SD)	11.29 (1.89)	3.74a (0.59)	3.12 (0.73)	24.43 (3.89)	47.05 (7.12)	7.06 (1.10)	314.13 (28.94)	0.003 (0.004)	0.01 (0.004)	0.32 (0.008)
	p-value	<0.01	<0.01	<0.001	<0.001	<0.01	<0.001	<0.01	<0.001	<0.01	<0.01


	Cluster	K (mg/g)	Ca (mg/g)	Cu (mg/g)	Fe (mg/g)	Mg (mg/g)	P (mg/g)	Zn (mg/g)	Na (mg/g)	Vit C (%)
	I	1,374.07a	10.70	0.00b	2.29	167.53	293.79a	1.19a	12.69	3.51b
	II	1,402.6a	10.62	0.04b	2.42	170.04	302.00a	1.15a	8.94	3.90b
	III	1,249.15a	10.89	0.21a	1.84	165.70	205.76b	1.40a	9.20	6.12a
	IV	959.35b	8.94	0.12a	1.93	149.21	180.88b	0.24b	7.08	3.50b
	V	1,344.02a	10.64	0.00b	2.29	144.94	305.96a	1.32a	12.11	0.00C
	Mean	1,265.85 (161.71)	10.36 (0.72)	0.07 (0.079)	2.15 (0.23)	159.48 (10.31)	257.677 (53.279)	1.06 (0.42)	10 (2.01)	3.40 (1.96)
	p-value	<0.01	0.35	<0.01	0.91	0.46	<0.001	0.04	0.06	<0.01


For the same parameters, values bearing the same letter are not statistically different at p = 0.05.
Regarding ash content, accessions from Cluster IV had the lowest values compared to accessions from Clusters I, II, III, and V, which had similar ash content values: 3.34%, 3.78%, 4.13%, and 4.45%, respectively. For water content, Cluster IV had a content of 9.61%, which was significantly higher than the values of the other clusters (10.62%, 10.81%, 10.42%, and 14.97%, respectively, for Clusters I, II, III, and V). The highest carbohydrate content was recorded for Cluster IV (58.55%), which was similar to that of accession HIA A39, which alone constituted Cluster V. Clusters I, II, and III, with carbohydrate contents of 45.66%, 45.66%, and 38.37%, respectively, had statistically similar carbohydrate content. For the energy value, accessions from Cluster IV, with a mean energy value of 350.20 kcal/100 g, had the highest energy value; however, this value was not statistically different from the 337.10 kcal/100 g of accession HIA A39 and the mean values of accessions from Clusters I (319.78 kcal/100 g), III (292.60 kcal/100 g), and IV (350.20 kcal/100 g). Accessions from Cluster III had the lowest mean energy value (292.60 kcal/100 g). Accession HIA A39 also displayed a statistically higher fiber content (9.13%) compared to accessions from Cluster I (6.68%), Cluster II (6.24%), Cluster III (7.18%), and Cluster IV (6.07%). The highest vitamin C content (6.12%) was recorded for accessions in Cluster III.
For the antinutritional factors (tannins, polyphenols, and phytates), it was again accession HIA A39 that displayed the highest values (0.01% for polyphenols, 0.02% for tannins, and 0.41% for phytates).
Regarding mineral content, accessions from Cluster IV had statistically lower K (959.35 mg/g), P (180.88 mg/g), and Zn (0.24 mg/g) content compared to accessions from the other clusters. The K content of accessions in Cluster II (1402.60 mg/g), which was the highest, was not significantly different from the content obtained from accessions of Cluster I (1374.07 mg/g), Cluster III (1249.15 mg/g), Cluster IV (1249.15 mg/g), and Cluster V (1344.02 mg/g). The highest P content was recorded for accessions in Cluster V (305.96 mg/g), although the content was not significantly different from the values recorded for Cluster I and Cluster II. The highest Zn content was recorded for accessions in Cluster III (1.40 mg/g), although this content was not significantly different from the values for accessions in Clusters I (1.19 mg/g), II (1.15 mg/g), and V (1.32 mg/g).
Principal component analysis
Principal component analysis was performed to determine the most discriminative variables among the 22 AYB accessions. The results showed that the first five principal component (PC) axes cumulatively explained 70.06% of the observed variation, with PC 1 to PC 3 accounting for 50.37% of the total variation in the studied accessions. The first axis, which explained 22% of the variation, was positively correlated (correlation coefficient >0.30) with ash content (0.33), phytate content (0.40), K content (0.74), P content (0.54), Ca content (0.33), and Zn content (0.43). PC axis two contributed 15.47% of the total variation across the traits and was positively correlated with lipid content (0.33), carbohydrate content (0.40), energy value (0.51), and vitamin C content (0.43). Protein content (0.38) and polyphenol content (0.46) were positively correlated with PC axis 3, while Na content and Fe content were positively correlated with PC axis 4 (0.46) and PC axis 5 (0.39), respectively (Table 6).
TABLE 6 | Principal component analysis of the 22 African yam bean accessions.	Parameters	PC 1	PC 2	PC 3	PC 4	PC 5
	Lipid content	-	0.33	-	-	-
	Protein content	-	-	0.38	-	-
	Carbohydrate content	-	0.40	-	-	-
	Energy value	-	0.51	-	-	-
	Ash content	0.33	-	-	-	-
	Vitamin C content	-	0.43	-	-	-
	Polyphenol content	-	-	0.46	-	-
	Phytates content	0.40	-	-	-	-
	K content	0.74	-	-	-	-
	P content	0.54	-	-	-	-
	Ca content	0.33	-	-	-	-
	Zn content	0.43	-	-	-	-
	Na content	-	-	-	0.46	-
	Fe content	-	-	-	-	0.39


The values in the table represent component loadings, indicating how much each original variable contributes to a given Principal Component (PC). A high loading (greater than 0.5) suggests that the variable has a strong influence on that component. A dash (–) indicates that the variable contributes minimally to the corresponding PC.
Figure 3 provides a summary of the biplot analyses of the 22 accessions based on the measured parameters. Accessions HIA A28, HIA A51, HIA A59, and HIA A87 showed positive correlations with protein content, lipid content, carbohydrate content, and energy value, while these parameters were negatively correlated with accessions HIA A6, HIA A10, HIA A25, HIA A35, HIA A36, HIA A61, and HIA A83. The latter accessions were positively correlated with Mg, K, and ash content. Accessions HIA A2, HIA A13, HIA A14, and HIA A84 showed positive correlations with fiber, tannins, polyphenols, phytate, water, Fe, Na, P, Zn, and Ca content. In contrast, these parameters were negatively correlated with accessions HIA A12, HIA A34, HIA A68, HIA A75, and HIA A76, which showed positive correlations with Cu content.
[image: Scatter plot with Principal Component Analysis (PCA) showing components PC1 and PC2, capturing 22% and 15.46% variance respectively. Blue dots represent samples labeled HIAA. Red vectors indicate nutrient contents like energy, carbohydrates, proteins, and vitamins, showing their influence on the components.]FIGURE 3 | Multivariate relationships for measured parameters among the 22 AYB accessions.Association among traits
There were correlations between pairs of the studied parameters (Table 7). The energy value was positively correlated with lipid content (p < 0.05, rs = 0.44), carbohydrate content (p < 0.01, rs = 0.65), and protein content (p < 0.01, rs = 0.83). A significant (p < 0.05) positive correlation was also observed between polyphenol content and water content (rs = 0.4), phytate content and water content (rs = 0.45), Ca content and water content (rs = 0.46), Na content and lipid content (rs = 0.43), polyphenol content and ash content (rs = 0.50), phytate content and ash content (rs = 0.44), K content and ash content (rs = 0.46), Mg content and vitamin C content (rs = 0.44), phytate content and tannin content (rs = 0.47), K content and phytate content (rs = 0.51), Ca content and Na content (rs = 0.49), Ca content and P content (rs = 0.43), Fe content and P content (rs = 0.48), and Fe content and Zn content (rs = 0.48). A significant correlation was also observed between P content and phytate content (p < 0.01, rs = 0.54).
TABLE 7 | Correlation matrix among biochemical parameters at 5% and 1% probability.	Parameters	Water content	Lipids content	Protein content	Fibre content	Carbohydrates content	Energy value	Ash content	Vitamin C content	Polyphenol content
	Water content	1								
	Lipids content	−0.22	1							
	Protein content	−0.08	−0.04	1						
	Fibre content	0.02	0.10	0.31	1					
	Carbohydrates content	0.17	0.36	0.23	−0.05	1				
	Energy value	0.04	0.44*	0.65**	0.19	0.83**	1			
	Ash content	0.23	−0.14	0.03	0.30	−0.08	−0.10	1		
	Vitamin C content	−0.02	−0.22	−0.10	−0.20	−0.18	−0.17	0.17	1	
	Polyphenol content	0.42*	−0.07	0.35	0.40	0.22	0.32	0.50*	0.00	1
	Tannins content	0.33	−0.13	−0.15	−0.11	0.17	−0.02	0.02	−0.33	0.26
	Phytates content	0.45*	−0.14	−0.32	0.12	0.11	−0.14	0,.44*	−0.21	0.03
	K content	0.33	−0.08	−0.24	0.05	−0.13	−0.17	0.46*	0.22	0.17
	P content	0.25	0.00	−0.09	0.02	0.22	0.04	0.04	−0.22	−0.12
	Na content	0.05	0.43*	0.23	0.09	−0.13	0.08	0.27	−0.12	0.17
	Ca content	0.46*	−0.12	0.16	−0.09	0.07	0.09	0.24	0.18	0.30
	Zn content	0.28	−0.24	0.32	0.16	−0.20	−0.04	0.21	−0.05	0.19
	Mg content	−0.09	0.01	−0.07	−0.06	−0.58	−0.35	−0.03	0.44*	−0.10
	Fe content	−0.02	0.05	0.13	−0.19	0.24	0.15	−0.14	−0.34	−0.02
	Cu content	−0.31	−0.36	0.01	−0.04	−0.08	−0.10	0.05	0.22	0.08


	Tannins content	Phytates content	K content	P content	Na content	Ca content	Zn content	Mg content	Fe content	Cu content
										
										
										
										
										
										
										
										
										
	1									
	0.47*	1								
	0.17	0.51*	1							
	0.17	0.54**	0.26	1						
	−0.30	−0.15	0.25	0.20	1					
	0.13	0.10	0.38	0.43*	0.49*	1				
	0.32	0.29	0.35	0.18	0.18	0.22	1			
	0.02	−0.15	0.24	−0.05	0.17	0.30	0.12	1		
	0.39	0.12	0.15	0.48*	0.28	0.35	0.48*	−0.20	1	
	−0.22	−0.33	−0.20	−0.41	−0.39	−0.21	−0.25	−0.19	−0.33	1


Values in bold indicate significant correlations among parameters. * = Significant at p < 0.05; ** = Significant at p < 0.01.
DISCUSSION
Variability in proximate and mineral composition of the AYB accessions
The nutritional content of the AYB accessions varied considerably, primarily due to their unique genetic makeup and the environments where they originated (Gore et al., 2021; Majola et al., 2025). The amount of water (10.21%) was low enough for safe storage (less than 14.5%), aligning with earlier reports (Adebowale et al., 2009; Gore et al., 2021). The levels of protein (22.83%) was quite good and matched findings from Baiyeri et al. (2018), suggesting that these varieties are a potentially good source of protein, particularly the HIA A10, HIA A28, and HIA A2 varieties. These accessions could be used by consumers and breeders respectively for protein enrichment and breeding purposes. The ash content of the 22 AYB accessions was relatively high, supporting the idea that they may be good sources of dietary minerals. The fat content (2.98%) was on the lower side, similar to what Ndidi et al. (2014) reported, which could make them easier to process and more stable during storage (Baiyeri et al., 2018). The amounts of carbohydrates (44.44%) and energy (296.46 kcal/100 g) were less than what Baudoin and Ngansia (2004) and Anya and Ozung (2019) found whereas the amount of fiber (6.73%) was in the middle range, as described by Baiyeri et al. (2018). The discrepancies between the results of this study and those reported by other researchers may be explained by the differences in genetic material used, as well as the different growing conditions of the studied AYB accessions. Several studies have reported the important role of environmental factors, such as soil fertility and ambient conditions, in the nutritional variation of accessions from different regions. These differences compared to past research can also be attributed to how the crops were handled after harvesting (Gore et al., 2021; Shi et al., 2008; Stangoulis et al., 2007).
The average protein content of the AYB accessions of this study is more than the values reported by other legume crops cultivated in sub-saharan Africa like Bambara groundnuts, Adzuki beans, Jack beans, Lima beans and rice bean but is less than the ones reported for Mung beans and Wing beans (Popoola et al., 2023). Regarding the carbohydrate content (44.44%), the average value obtained in this study is quite high compared to the ones reported for Lima bean, Mung bean and Win bean (Popoola et al., 2023). Johnson et al. (2022) have reported that legume carbohydrates have the ability to greatly improve health and ensure nutritional quality since they resistant starch sugars that can improve the microbial environment in our gastrointestinal tract and promote gut metabolism. Therefore, the AYB accessions in this study are good candidates for improving human nutrition and health.
Minerals play a crucial role in the growth and development of bones and teeth, as well as in the proper functioning of muscles and nerves (Razzaque and Wimalawansa, 2025). Therefore, in West African countries, legumes crops are vital sources of essential, which are often lacking in local diets and contribute to widespread malnutrition and anemia, particularly among children and women (Popoola et al., 2023). Mineral analysis of the Togolese AYB accessions revealed considerable variation, except in sodium and magnesium. Potassium was the most abundant mineral (1334.54 mg/100 g), exceeding AYB levels reported by Adeyeye et al. (1994) and Oshodi et al. (1997), as well as those in Bambara groundnut in Bambara groundnut (983.86 mg/100 g) (Majola et al., 2025), but remaining below pigeonpea levels (1895.67 mg/100 g) (Amarteifio et al., 2002). Calcium (10.75 mg/100 g) was higher than previous AYB findings (Adeyeye et al., 1994; Oshodi et al., 1997) but lower than values reported in Bambara groundnut (187.09 mg/100 g) and pigeonpea (123.83 mg/100 g) (Majola et al., 2025). Phosphorus content (274.33 mg/100 g) was within the range reported by Oshodi et al. (1997) and higher than values from Adeyeye et al. (1994), though still lower than the values of 823.28 mg/100 g and 205.67 mg/100 g respectively reported for Bambara groundnut and pigeonpea (Adeyeye et al., 1994; Amarteifio et al., 2002). The mean sodium content (7.22 mg/100 g) was within the range of 1.73–8.23 mg/100 g reported by Oshodi et al. (1997) and higher than the 4.87 mg/100 g reported by Adeyeye et al. (1994), but lower than the 9.90 mg/100 g recorded for pigeonpea by Oshodi et al. (1993). Magnesium (185.82 mg/100 g) exceeded both earlier AYB data by Adeyeye et al. (1994) and Oshodi et al.(1997) and pigeonpea values (Amarteifio et al., 2002).
Potassium, sodium, phosphorus, magnesium and calcium are macrominerals required by the human body in relatively large amounts, typically more than 100 mg per day. They play vital roles in human health. Potassium is an essential mineral that plays a vital role in maintaining overall human health. It helps regulate fluid balance, nerve signals, and muscle contractions, including those of the heart, making it critical for cardiovascular health while calcium and phosphorus are important for bone and teeth health. Magnesium is reported to be essential for the maintenance of the skeletal and immune systems (Razzaque and Wimalawansa, 2025). Though playing essential roles in organism, high level of sodium may be responsible of cardiovascular diseases (Chandra et al., 2017).
Copper content averaged 0.11 mg/100 g markedly lower than previously reported and was detectable in only eight accessions. Iron (2.64 mg/100 g) was also below earlier AYB values reported by the same authors, and lower than levels found in Bambara groundnut (9.94 mg/100 g) and pigeonpea (13.70 mg/100 g) (Oshodi et al., 1993). Zinc (1.84 mg/100 g) was lower than previous AYB findings (Adeyeye et al., 1994; Oshodi et al., 1997) but exceeded levels found in chickpea (0.37 mg/100 g) (Bhagyawant et al., 2015). These two minerals are microminerals, needed in small amounts, typically less than 100 mg per day. However, they play vital functions in immune system responses (Chandra et al., 2017).
The average vitamin C content (3.96 mg/100 g) in the HIA seed accessions was below the 5 mg/100 g reported by Abioye et al. (2015) and the 12.97 mg/100 g reported by Nnamani et al. (2018) for AYB.
Polyphenols, tannins, and phytates: breeding and cooking time implications
Polyphenols are complex compounds containing hydroxylated phenolic rings naturally present in plants. They are concentrated in the seed coats of cereals and legumes, where they protect against ultraviolet radiation and pests (Edwards et al., 2017). These compounds possess potent antioxidant and antimicrobial properties (Ghedadba et al., 2015), contributing to human and animal health. Polyphenols also demonstrate anti-inflammatory, antihypertensive, and antidiabetic activities (Haleng et al., 2007).
The mean tannin content (0.010%) of the HIA seed accessions exceeded values reported by Adewale and Nnamani (2022) (0.003%) and Ajibola et al. (2011) (0.006%) but was lower than that reported by (0.013%) (Abioye et al., 2015). These differences may be attributed to genetic diversity among AYB accessions and variability in seed varieties between studies. Tannins, a subgroup of phenolic compounds, are concentrated in the seed coats of cereals and legumes, where they provide antifungal protection. They possess antioxidant, anti-inflammatory, and antihypertensive properties (Sharma et al., 2021), beneficial to human and animal health, although high levels can reduce protein digestibility. Accessions HIA A12, HIA A14, and HIA A36, with the lowest tannin contents, may be useful in breeding programs targeting cultivars with reduced tannin levels.
Phytates, another class of antinutritional compounds, are common in cereals and legumes and are typically located in the seed coat. They contribute to longer cooking times and can reduce mineral bioavailability, particularly iron and zinc, when present in high concentrations. However, at low levels, phytates can have beneficial physiological effects (Pramitha et al., 2021). The HIA A34 accession, with the lowest phytate content, could be valuable for breeding cultivars with shorter cooking times. The mean phytate content (0.35%) of the AYB accessions was higher than the 0.11% reported by Ajibola and Olapade (2016) for AYB accessions from the Ibadan Genetic Resources Centre, but lower than the 5.16% reported by Shitta et al. (2022) for Ethiopian accessions and the 3.74% reported by Ajibade et al. (2005) for accessions from southwestern Nigeria. Given that prolonged cooking time is a major barrier to AYB adoption in African diets, accessions HIA A2 and HIA A25, with low tannin content, may be suitable for developing cultivars requiring shorter cooking times.
Correlations among nutritional traits and their breeding implications
The bivariate correlation analysis revealed weak to moderate associations among the measured traits. Such correlations are important for breeding, as simultaneous improvement of correlated traits can enhance efficiency and effectiveness (Majola et al., 2025). Positive correlations were observed between several mineral pairs, including calcium (Ca) and phosphorus (P), Ca and sodium (Na), iron (Fe) and zinc (Zn), and Fe and P. These relationships suggest that increasing one mineral, such as Fe, could indirectly enhance P and Zn levels, while higher Ca may correspond with increased P. Similar patterns of mineral correlations have been documented in Bambara groundnut (Majola et al., 2025). The analysis also indicated that reduced tannin content may be associated with lower phytate levels, while higher magnesium (Mg) content may correlate with increased vitamin C. These interactions highlight the potential for selecting specific traits that can simultaneously improve nutritional quality in AYB breeding programs.
Nutritional applications of African yam bean in West Africa
Based on the results obtained in this study, and its nitrogen-fixing ability, AYB appears to be a potential to food enrichment and fortification in Togo. Given its nutritional potential, as demonstrated in this study, AYB could be incorporated into baking and used as a supplement for foods intended for infants. This application would not only reduce dependency on imported wheat but also provide a valuable protein source for animal feed, replacing imported soybean meal (Adewale et al., 2010). Such transitions align with self-reliance initiatives by broadening dietary diversity and decreasing vulnerability to disruptions in conventional food supply chains. Furthermore, AYB’s drought tolerance and nitrogen-fixing ability make it an environmentally sustainable agricultural option in Togo.
However, promoting AYB in national or regional food systems requires an integrated approach. Key measures include community awareness campaigns, nutrition education, recipe development workshops, school feeding initiatives, and government-supported agricultural extension services. Further, as reported by Adewale and Odoh (2012), production of flour blends, and fortified snacks might help to have consumer acceptance by reducing cooking time and addressing anti-nutritional factors.
From an economic perspective, wider adoption of AYB could reduce import costs, generate income for rural farmers, and strengthen regional agro-processing industries. With supportive policies that ensure market access and enhanced seed distribution networks, both cultivation and commercialization could be incentivized. AYB’s climate resilience, nutritional value, and environmental benefits make it a strategic crop for advancing human health and food security in West Africa and especially in Togo. Economically, the successful promotion of AYB could reduce import costs and create new value-chain opportunities for rural producers. Indeed, as a climate-resilient and nutritionally rich crop with substantial environmental and economic benefits, AYB presents a strong case for enhancing food and nutrition security in West Africa.
CONCLUSION
AYB is a legume with high economic and nutritional potential. However, local populations’ unfamiliarity with the crop has led to its neglect and under-exploitation. This research shows that there is significant nutritional diversity among the AYB accessions grown in Togo. The results indicate that AYB accessions grown in Togo are rich in protein, carbohydrates, fiber, vitamins, energy (kcal), K, Ca, P, Fe, Zn, Mg, vitamin C, and ash, with relatively low levels of lipids, Cu, and Na. The results also show relatively low levels of antinutritional factors, including polyphenols, tannins, and phytates. Accessions HIA A10, HIA A28, HIA A68, HIA A84, HIA A2, HIA A75, and HIA A87, which recorded the highest protein values (around 30%), are very close to that of soybean (32%), indicating that they could potentially replace soy in various food formulations. AYB accessions possess all the nutritional qualities needed to help combat malnutrition in all its forms in Togo. Efforts must, therefore, be made to increase the production and consumption of this highly nutritious, drought-resistant legume.
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