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The African yam bean, Sphenostylis stenocarpa Hochst Ex. A. Richmond, Harms, is an indigenous tuberous legume of the humid tropics of Africa. Its edible pulse and tuber host significant promises for food, nutrition, and health security. It was identified as a counterpart of cowpea in the 1970s and rated to be highly nutritious, but notable constraints have denied it research and funding attention. “Cowpea revolution” further deprived focus on the African yam bean. However, some research updated and promoted its significant food, feed, and nutritional-pharmaceutical values between 1973 and 2000. The global trend for food diversification has further improved awareness and research on the African yam bean this past decade, but research focus on the tuber is incomparably small. The abundant minerals, vitamins, and bioactive compounds in the two economic products unveiled in the present review assure food, health, and nutritional security. The analytical comparison of nutritional values of the African yam beans and other grain legumes demonstrated the significant place of the crop among its counterparts. Furthermore, investigative research identified the grain as a good substitute for soybean for livestock feed formulations. Although no clinical study has been reported, some in vivo, in vitro, and ex vivo biological activities and human studies of the two economic products revealed their efficacy in the management of anti-natal lactation induction, anemia, diabetes, arthritis, etc. However, African yam bean still suffer displacement in rank, utilization, and popularity compared to the “favored” legumes. While the present review adds to its advocacy, awareness, and utilization, a coordinated research program that will boost its value chain is most necessary for progress.
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Introduction

By 2050, the world's population is set to increase by 40%, and the expected agricultural production to match the population is estimated to be 70% (Ebert, 2014). Wheat, rice, and maize, which provide more than 50% of human calorie intake, occupy 555 million ha (i.e., 40%) of the global arable land (Keyzer et al., 2005; Tilman et al., 2011; Stamp et al., 2012). The continued promotion of these few crops at the expense of other useful crops reveals the locked-in concept in crop production agriculture. According to Pahl-Wostl (2009), locked-in is “a situation when institutions and role players in decision-making continue with a conventional approach, despite that it is no longer leading to desired outcomes.” Other crops with fewer references have inherent great potential when incorporated into diversified and sustainable food and feed production systems.

Globally, about 80,000 plant species are used for food, feed, and fiber as well as for industrial and medical purposes; 10,000 seems to be a realistic number of edible plant species (Mayes et al., 2012). In Nigeria alone, according to Ogunwusi and Ibrahim (2016), <20 of the identified 5,000 plant species are currently developed and used for food and industrial raw materials. To put it in perspective, about 99% of these useful plants exist as minor crops, many have declined to uncultivated status, others with resilience exist as wild plants, and many are now out of human reach. Per capita availability of pulses in Nigeria is over 10 times less than cereals and roots/tubers (Akah et al., 2021). By inference, the contribution of pulses to daily calorie and protein intake is poor; this is the reason for malnutrition in various communities. This situation is further compounded by a decline in agricultural productivity (especially underutilized legumes), monotonous diets of starchy staples, and/or dietary shifts to exotic high-caloric foods. Legumes are cheap and rich sources of protein, calories, vitamin B, minerals, and dietary fiber. Furthermore, they are low in fat, contain low/no cholesterol, possess a cholesterol-lowering effect, and regulate blood glucose due to their low glycemic index (Ene-Obong et al., 2013; Akah et al., 2021). Hunger, malnutrition, and food insecurity still stare at our faces because of the great and appreciated efforts of improvement on a few crops (Williams and Haq, 2002; Ikhajiagbe et al., 2021) which have not overturned the complex food challenges, especially in sub-Saharan Africa and other developing world. To address this, according to Abberton et al. (2022), crop diversification, cultivation, promotion, and utilization of climate-resilient crops are among the choicest strategies.

The domestication, cultivation, and distribution of the African yam bean (Sphenostylis stenocarpa Hochst Ex. A. Richmond, Harms) is very evident in tropical Africa (Potter, 1992; Okpara and Omaliko, 1997), especially central and western Africa, where it had been reported to exhibit very high diversity. Edible pulse and tuber are the two major economic products of the African yam bean (see Figure 1). There is a cultural and regional preference for each in the meals of the Africans; while west Africans mostly eat the seeds (with almost zero consumption of the tubers), the tuber is the major food product for the east and central Africans (Potter, 1992; Nwokolo, 1996). The economic potentials of the African yam bean are immense; the protein in tuber and seed is comparatively higher than most tuberous legumes (Dakora, 2013), the consumption of both seed and tuber by humans and livestock is safe with immense nutritional benefits, the grains are an equal or better substitute for common legumes in livestock feed formulation, and its medicinal properties to address some terminal diseases is worth examining. The beneficial possibilities of African yam bean for humans and livestock are well-documented in this review. The present review seeks to advance the unrealized inherent food, feed, nutrition, and health benefits in the economic products of African yam bean. Information are scattered in literature on the food, feed, and health wealth of this indigenous tuberous legume; this review, therefore, seeks to consolidate them. It is believed that an outcome of this review would be the repositioning of the locked-in crop, leading to its better utility and investment in its research for improved food, feed, health, and wellbeing.


[image: Figure 1]
FIGURE 1
 The two economic products of African yam bean pulses with testa morphs and clusters of tubers with irregular shapes from different accessions. Photo by Adewale Daniel.




African yam bean in research history from 1973 to 2000

African yam bean has been featuring for long in the traditional, cultural, and farming systems of Africans. The first notable documentation on its botany and taxonomy was by Milne-Redhead and Polhill (1971). African yam bean (Sphenostylis stenocarpa) (Hochst ex. A. Rich. Harms) came to the limelight during the First International Institute of Tropical Agriculture (IITA) Grain Legume Improvement Workshop held from 29 October to 2 November 1973 at the International Conference Center, IITA, Ibadan, Nigeria. In that conference, Okigbo (1973) introduced the crop, and Rachie (1973) on Highlights on Grain Legume Improvement at IITA 1970–1973 remarked Sphenostylis stenocarpa as an exceptionally nutritious crop. Many research attempts followed the introduction of the crop at the conference; a list of some of the major scientific reports and research outcomes on African yam bean between the first notable mention in 1973 to 2000 is presented in Table 1. This time frame was the quiescent period in the research on African yam bean.


TABLE 1 African yam bean in literature within 1973 to 2000 with remarkable research features and outcomes.
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We had access to just 51 published documents on African yam bean from 1973 to 2000; regardless, these numbers seem major. Most (77.5%) of the published works appeared in journals, quite a few (18.4%) were in handbooks and books, and 4.1% were in online archives (Table 1). The largest percentage (43%) of the publications were on food science and nutrition, followed by agronomy (20.4%) and general information on the crop (12.2%), most of which were in books (Table 2). Pre-breeding studies on African yam bean were 10.2%, ethnobotanical studies were 4%, and pharmacology, metabolomics, and diversity area were each 2% (Table 1).


TABLE 2 Constraints, gaps, insights and way-forward in African yam bean research.
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Except for the food and nutrition studies, research on other areas or disciplines was very limited within this period. This greatly informs why knowledge of the crop and awareness was very low, even among scholars. Sadly, from Table 1, it is evident that there were no reports on the agricultural extension of African yam bean. Moreover, most of the publications were in the academic domain, on the shelves as an archive where they may not be available to potential users. More than 90% of the publications during the reviewed time frame were from Nigeria; research contribution from other countries where this crop is also cultivated was very limited. Poor attraction within agronomic research could be due to the long gestation period of the crop compared to other crops with short durations. Furthermore, there was no designated genetic resources conservation unit or center during the period for the conservation of accessions. During this period, most genetic resources of African yam bean for research were obtained from rural endemic sources in the southeastern and western regions of Nigeria. In addition, most of such research used <10 cultivars which were delineated for uniqueness based on seed coat color and color patterns.

However, African yam bean has since witnessed a huge research boost in various disciplines in the past two decades (Ojuederie et al., 2020; Adewale et al., 2021; Nnamani et al., 2021). However, literature on the agricultural extension of African yam beans is still very scanty, and this seems to have a negative correspondence to the general awareness of the crop. The effort of the Genetic Resources Center (GRC), International Institute for Tropical Agriculture (IITA), Ibadan, Nigeria has been very positive. The Center has freely availed researchers with African yam bean accessions, provided training, and supported postgraduate research on the crop. Actors and stakeholders are increasing and the future appears promising for African yam bean research. The increased research concentration on the African yam bean and the number of requests by researchers for its genetic resources prompted GRC to organize a symposium to harness the stakeholders in African yam bean research. The meeting, which was held on 18–19 October 2016 at IITA provided an opportunity for review, updates, and future research. Moreover, the launch of the Society for Underutilized Legume (SUL–www.sulegumes.org) was another outcome of the symposium. The Center currently conserves a diverse collection of over 450 accessions of the African yam bean landraces from Ghana, Nigeria, and the Democratic Republic of Congo; in addition, over 50% of these accessions are from Nigeria (Abberton et al., 2022).



Cowpea revolution: A setback for other indigenous tropical African grain legumes

The launch of the Grain Legume Improvement Program (GLIP) in IITA in 1973 initiated the beginning of the “cowpea revolution.” Years following the 1973 workshop greatly promoted cowpea [Vigna unguiculata (L.) Walp]. In many respects, cowpea research efforts and improvement programs aided its attraction, wide acceptability, cultivation, and production. Enhanced research concentration on cowpea appears to have been encouraged by the short gestation period (reaching pod production within 3–4 months after planting). Moreover, its three notable growth habits (climbing, bushy, and decumbent/spreading) make cowpea more attractive to subsistence farmers than African yam bean to be grown in sole and/or companion crops. Furthermore, the ability of cowpea to sustainably grow in wider ecologies, especially drier regions, equally supported its competitive advantage over African yam bean both in research and production. Among the various grain legumes, cowpea production experienced the highest growth (4.7% per annum which expanded by 27% between 1994–1996 and 2008–2010, leading to a 90% increase in production (Nedumaran et al., 2015). Since 1970, IITA in Nigeria has worked on breeding and distributing improved cowpea materials and new germplasm lines to over 60 countries (Singh et al., 1997).

Cowpea [Vigna unguiculata (L.) Walp.] is still the most widely cultivated and utilized food legume and research material in sub-Saharan Africa and most countries of the world. It is currently considered the single most important pulse in the dry areas of tropical Africa (Snapp et al., 2018). Its consumption has grown at the rate of 3.2% per annum between 1980 and 2009, and the average level of consumption is 4.5 kg/person/year in sub-Saharan Africa (Nedumaran et al., 2015). Between 1971 and 1996, cowpea production and grain yield increased in Nigeria by ~441 and 410%, respectively (Ortiz, 1998). Cowpea production received steady and tremendous positive growth during the period from 1970 to 2018; its production covered 96% arable land area of the total grain legumes and 98% of the total pulse production (Ortiz, 1998; Nedumaran et al., 2015; Akah et al., 2021). About ten other food legumes with promising values are known in Nigeria, but their production is low and declining, their cultivation, geographical distribution, and production statistics are not available, and their food, feed, nutrition, and health benefits are fading as their utilization declines. The Food and Agriculture Organization Corporate Statistical Database categorized them as pulses that could not be individually differentiated in their compilation due to their limited international and/or local importance.

Moreover, where legumes are concerned, to enhance the availability of cheap protein, very few (soybean, groundnut, and cowpea) are mostly supported by research and policy promoters (Foyer et al., 2016). The study by Saka et al. (2004) identified the Lima bean (Phaseolus lunatus), pigeon pea (Cajanus caja), African yam bean (Sphenostylis stenocarpa), and Bambara groundnut (Voandzea subtteranean) as prominent minor grain legumes that are grown in mixture with major crops on an average range land area of 0.2–0.4 ha. In total, these four grain legumes occupy <10% of the total cultivated land area in southwestern Nigeria. It is characteristic that their production is mostly among the older farmers (50 years and above) who produce an average of 80% of the total production. Their declining cultivation status may have prompted Klu et al. (2001), Ikhajiagbe (2003), Saka et al. (2004), and Adewale and Odoh (2013) to remark that these traditional grain legumes are moving toward extinction.

Dakora (2013) argued that the process of displacement of indigenous food crops by the introduction of new crop species continues to occur to date through the disproportionate promotion in the cultivation of newly introduced commercial crops by national and international research centers and local departments of Agriculture. The increasing promotion of non-indigenous crops in many African countries has consequentially resulted in the marginalization of many domesticated and undomesticated food plants. In his report, Dakora (2013) specifically cited the decline in the use of the tubers Sphenostylis and other indigenous food genera.

The promising food, feed, and health resources in African yam bean are unambiguously clear. Okpara and Omaliko (1995) found it to be a very good substitute for cowpea in forest agro-ecologies. The agro-zone is the endemic region for its genetic resources, cultivation, and production. Since the grain productivity of cowpea is not well-supported in rainforest and southern Guinea savanna regions of Nigeria and west Africa, a focused research development on this humid tropical legume could be enhanced given its potential for improved livelihood, which is now well-documented. Summarily, the African yam bean is well-adapted to vast environmental conditions, especially the humid tropics where it has been part of the food, economic, and medicinal resources with remarkable sustainability. It has supported household subsistence in central and west Africa.



Constraints to wide utilization of African yam bean and prospects

As reported in the literature (Machuka and Okeola, 2000; Adewale and Odoh, 2013; Okoye and Nkemakonam, 2018; Oshomoh and Ilodigwe, 2018), poor or low acceptability, adoption, and utilization of African yam bean have been due to classified constraints highlighted in Table 2. These are:

• Agronomic—demanding and challenging cultural practices coupled with poor demand and marketing which reduces farmers' enthusiasm for increased production.

• Genetics—no improved cultivar yet, available genetic resources are accessions and landraces, and poor knowledge of gene action of traits.

• Utilization—hard-to-cook nature of the bean which demands high fuel, cost, and time, the presence of anti-nutritional factors (ANF), “beany” flavor, unpleasant smell and taste, and food value of tuber unknown and neglected in utilization.

There is no record of the geographical distribution and production statistics of African yam bean by the Food and Agricultural Organization (FAO). This makes projection for strategy development difficult. Regardless, Table 2 offers some insights, gaps, and way forward on African yam bean research. According to Eneh et al. (2016), the list of constraints in African yam bean is inconsequential owing to the positive significant food, nutrient, and medicinal loads it hosts; the major constraint is inappropriate awareness. This is because knowledge of the nutrition and other potentials of crop species reflects their preference in human menu lists and considerations in other forms of utilization (Saka et al., 2004).

The significant impediment to African yam beans' acceptability is the prolonged cooking time to get the paste by the boiling process. This problem has prevented the utilization of its invaluable food security potential as long cooking period affects consumers' choices, nutrient contents, anti-nutrient condition, demands much energy usage—a factor of higher cost, long waiting time for meal readiness, etc. (Shitta et al., 2021). One of the findings in the report by Shitta et al. (2021) is that the cooking hours were dependent on the cooking methods used, the energy source, and the germplasm considered. This suggests that cooking time in African yam bean is genetically influenced. Seed hardness is heritable but can also be influenced by environmental factors at production and storage stages (Argel and Paton, 1999; Sandhu et al., 2018). Therefore, understanding the genetic basis of cooking time is necessary for improving the trait of the bean. A pre-breeding program involving the testing a large quantity of germplasm for its cooking time can suggest the selection of genotypes with a lower cooking time for subsequent advancement.



African yam bean: A safe, medicinal, and nutritious food

Consumption of African yam bean as food and drug is safe. Christopher et al. (2013) and Nwankwo et al. (2018) observed that the extract from the seed was non-toxic and did not show behavioral changes for humans and animals at a concentration of 5,000 mg/kg. Igbo folklore medicine had long identified the crop to contain ingredients for the treatment of anemia, and Nwaoguikpe (2008) wrote a follow-up remark highlighting that African yam bean has an anti-sickling effect on sickled hemoglobin due to its high content of hydrophobic amino acids. Esan and Fasasi (2013) reported the content of hydrophobic amino acids in African yam bean seed to be 33.99 g/100 g. The oral administration of the extract to anemic Wistar albino rat at 100, 200, and 400 mg/kg body weight as investigated by Christopher et al. (2013) showed a significant increase (p < 0.05) in the packed cell volume (PCV), red blood cells (RBC) and hemoglobin concentration in the rat after 4 days of treatment. The observation justified the correctness of the long-held folklore as the observed increase in PCV, RBC, and hemoglobin concentration was speedy and comparable with Ranferon (a standard blood tonic drug) often used in the treatment of anemia (Christopher et al., 2013). The extract administration restored anemic conditions in rats, thus giving credence to the use of African yam bean in the management of anemia in humans and animals. Among the many lists of deficiencies and attending health challenges especially in Africa according to Baldermann et al. (2016) are iron deficiency and anemia, iodine deficiency and mental impairments, vitamin A deficiency, and blindness. The use of some of the neglected species could alleviate most of these health issues. The consumption of African yam bean grains experimentally enhanced recovery from anemia (Christopher et al., 2013). Ajayi et al. (2009) remarked that the seeds of African yam bean hold a high quantity of Iron. Konyeme et al. (2020) equally reported that the same mineral was highest in the tuber of African yam bean.

The seeds of African yam bean are potential sources of supplements in human and ruminant livestock (Ajayi et al., 2009). The whole seed is rich in potassium and phosphorus (Oshodi et al., 1995). The seeds are also rich in magnesium, calcium, and zinc but low in sodium and copper (Edem et al., 1990). Since anemia has been implicated in the etiology of many diseases, Christopher et al. (2013) strongly recommended the consumption of this plant for the full benefit of its nutritional and medicinal properties. The nutritional qualities of these seeds gave the seeds novel properties that made the legume a potential but latent nutraceutical (Nwankwo et al., 2018). Ndidi et al. (2014) reported that African yam bean grains have low caloric value, which makes it an interesting healthy food because high-fat diets lead to increased blood cholesterol levels and cardiovascular-related health issues. Details of anti-nutritional factors, amino acids, and bioactive compounds in both seeds and tuber of African yam bean based on literature is presented in Table 3. Anti-nutritional factors, some bioactive compounds, and amino acids were higher in the seed compared to the tuber. Moreover, in the seed, the proportion of the essential amino acid in the total amino acid was higher than 50% (Table 3).


TABLE 3 Anti-nutritional factors, amino acid and bioactive compound in the seeds and tubers of African yam bean as revealed in literature.
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Nutritional profile of African yam bean grain

Awareness of the nutritional value of African yam bean seems to be improving in recent times. A survey among 500 respondents in the five Igbo-speaking states in southeastern Nigeria by Nnamani et al. (2017) revealed that proportional quantities of the population had a good awareness of the food and nutritional values inherent in African yam bean seeds. They further reported that the grain is sold at a significantly higher price than cowpea and other legumes. African yam bean is a rare legume that offers rich food, medicine, and nutrient-dense value for humans and livestock (Onyenekwe et al., 2000; Azeke et al., 2005; Akinmutimi et al., 2006). That it is exceptionally nutritious (Rachie, 1973) has long been the assertion of older adults in villages where they are highly relished and preferred over other contemporary legumes. The grain of the African yam bean has high metabolic energy, true protein digestibility (62.9%), moderate mineral content, and high-water absorption capacity (Ukom et al., 2019). The amino and fatty acid contents are comparable to those of most edible pulses. It also carries over 32% essential amino acids, with lysine and leucine being predominant (Onyenekwe et al., 2000) with very low-fat content. African yam bean is a nicely rounded non-fat food, containing 50–75% carbohydrate, 20–25% protein, about 1% oil, and about 6% fiber; all these provide nearly 400 calories per 100 g dry-weight (National Research Council, 2006). George et al. (2020) recently aggregated and presented the range of proximate composition in African yam bean grains from different authors as carbohydrate (49.88–63.51%), protein (19.53–29.53%), ash (1.86–5.35%), fat (1.39–7.53%), and fiber (2.47–9.57%). The nutrient density of the crop makes it a viable food crop for ameliorating food security and malnutrition challenges being faced in many developing countries, via direct consumption or fortification and enrichment of less nutritious staples (George et al., 2020). It provides a complete meal with significant mineral and vitamin loads. Table 4 shows that the contents of crude fiber, carbohydrates, and lipids were highest in African yam bean in comparison with soybean, cowpea, and bambara groundnut. Furthermore, the sodium and zinc contents were higher in quantity than the other legumes (Table 4). This makes it a qualified meal for food, nutrition, and health.


TABLE 4 Ranges in proximate, mineral and vitamin contents on dry matter basis in the seed of African yam bean, cowpea, soybean and bambara ground nut as revealed in literature.
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African yam bean tubers—A neglected product of the species

African yam bean is an underutilized crop (Potter and Doyle, 1992; Nwokolo, 1996; Azeke et al., 2005). Comparing the consumption, utilization, and research focus on the two economic products of African yam bean, the tuber has suffered more neglect. Predominantly in west Africa, the crop grows as an intercrop with other crops such as cassava, maize, yam, sorghum, and cocoyam (Saka et al., 2004) and primarily for the aerial pods which produce the pulse. Most farmers have denied ever seeing the tubers of African yam bean; the few who have seen it noted it as insignificant compared to the major carbohydrate providers (i.e., root and tuber crops), and hence, it is not cherished. Moreover, since the African yam bean is usually intercropped mainly for the aerial pulse, an intuitive probe to the subterranean part of the plant to get tubers is usually a rare venture (if ever attempted) among farmers whose carbohydrate needs are made available from major tuberous crops. This may answer why the African yam bean tuber has been a neglected product within the neglected species, especially in west Africa. Therefore, to most farmers in southeastern and western Nigeria, African yam bean tuber has poor economic relevance beside yam (Dioscorea rotundata), cassava (Manihot esculenta), sweet potatoes (Ipomea batatas), Irish potato (Solanum tuberosum), cormels from Tania (Xanthosoma sagitifolium), and Taro (Colocasia esculenta).



Nutritional profile of African yam bean tuber

The awareness that the crop produces tuber is visited with the feeling that the underground root would be toxic. Ojuederie et al. (2020), in their study, established that consumption of the tubers of African yam beans was harmless to Wistar rats and human beings. They found that it contained fewer antinutrients; for example, the proportion of the phytate in the tuber to the seed was in the general ratio of 4:10; trypsin inhibitors and lectin were not identified in tubers of some genotypes and the content of cyanogenic glycoside was very negligible. Specifically, its consumption by Wistar rats did not trigger any toxic effect in the tissues and organs of the specimen. Therefore, the investigation by Konyeme et al. (2020) updated the rich nutritional value of the tubers, while the research of Ojuederie et al. (2020) supported their safe consumption by human beings and livestock.

Table 5 provides the comparative ranges in values for proximate and mineral contents in the tuber of African yam bean, Pachyrhizus, cassava, sweet potato, and Irish potato drawn from various studies. African yam bean had the lead in crude protein with 13.25% amino acid (Table 3), total ash, and fat. Moreover, the comparison of its content with the nine minerals revealed that it holds the top position (Table 5). This comparison confers significance on the crop above the other contemporary roots and tubers, further confirming the earlier assertion of the National Research Council (1979) and Amoatey et al. (2000).


TABLE 5 Ranges in proximate and mineral contents in the tuber of African yam bean, Pachyrhizus, cassava, sweet and irish potato as revealed in literature.
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Promotional initiatives to improve African yam bean utilization

Poor monotonous diets, with low calorific quantity and quality, void of nutritional and food diversity, are the primary cause of poor human health in many developing countries (Nnamani et al., 2021). Nutrient-dense diets based on diverse crops deliver better nutrition and greater health with additional benefits for human productivity (Chivenge et al., 2015). This is why food and nutrition security are a foundation for human livelihood. Agunwah et al. (2019) emphasized that the African yam bean represents a source of alternative protein supplements and its protein isolates possess certain characteristics that aid in protein enrichment for some food products.

The identification of the potential nutritional value inherent in African yam bean and the poor acceptability-adoption complexes have led to the development of some initiatives to bring the crop in part or whole to the urban menus. Consumption of processed food and light snacks is a common feature in urban centers. With the growing consumer awareness of the need to consume healthy foods, the presence of fiber, some useful starch, and essential fatty acids, African yam bean is a good candidate for the development of new functional foods for consumer health (George et al., 2020). Since African yam bean is available, affordable, and inexpensive, its incorporation in food products and continual utilization promise nutrition and health benefit to consumers across all socio-economic statuses. Some initiatives employed the grain legume as a fortifier in biscuits (Idowu, 2014) and cookies (Okoye and Obi, 2017). They noted that this readily available nutritionally-dense grain legume satisfactorily fortified biscuits and cookies, improving calcium, potassium, phosphorus, magnesium, and iron contents and widely improving the physicochemical properties of the two confectioneries including their color. Elusoji (2015) reported that all the cookies made from wheat flour supplemented with African yam bean flour compared favorably well with the control (100% wheat flour). Therefore, cookies production from wheat flour blended with African yam bean may be a promising initiative to increase the consumption and utilization of the crop. Positively, the utilization of African yam bean in the production of cookies would improve the nutritional value of cookies and hence the acceptability of the crop, and the consumption of such composited cookies and biscuits could increase the utilization of African yam bean, thereby increasing the economic power of local farmers. This could also reduce the importation of wheat, thus saving foreign exchange and enhancing food security (Igbabul et al., 2015; Ikhajiagbe et al., 2021). African yam bean utilization initiative research by Igbabul et al. (2015) led to the successful production of acceptable cookies from composite flours of wheat, cocoyam, and African yam bean; the product was remarked to have increased protein, ash, and crude fiber.



Health benefits of African yam bean

The report by Azuzu (1986) seemed to be the first study on the medicinal qualities of the crop in curing stomach aches and acute drunkenness. There is no record of clinical studies on the usefulness of both the seed and tuber of the crop. However, successful in vitro and human studies revealed the efficacy of the crop in the management of anemia, diabetes, and arthritis.


Traditional culinary and health

A report of its medicinal value in traditional Igbo settings in Enugu State, Nigeria, informed as follows: the seed is an important ingredient utilized in the topical treatment of stroke, insomnia, diabetes, measles, and stress. In addition, the liquid extract of mashed African yam bean cooked seed is often served to lactating mothers to induce and improve lactation after delivery. The fried seed coat are grounded and used in the treatment of stroke (Nnamani et al., 2018). Moreover, the roasted bean is traditionally prepared to entertain guests during marriage ceremonies. The legume is also reported to be of importance in the management of chronic diseases like diabetes, hypertension, and cardiovascular diseases because of its high dietary fiber content (Enwere, 1998). Nwankwo et al. (2018) reported the anti-diabetic activity of the seed extract of African yam bean. The seed milk extract of S. Stenocarpa possessed anti-diabetic activity like the reference drug glibenclamide. Graded doses of the seed milk extract were reported to have a blood glucose-lowering effect in a time and concentration-dependent manner (Nwankwo et al., 2018).



Management of gouty arthritis

African yam bean has a long history of pharmacological potential, especially in the management of gout and arthritis in addition to the already known nutritional properties (Eneh et al., 2016). There are a lot of other health benefits that can be derived from this plant. According to Soetan and Adeola (2018), the bioactive compounds in the grains of African yam beans have pharmacological and beneficial effects on disease management. Phenolic extracts from African yam bean seed (See the range of values in Table 3) have antioxidant power and the ability to scavenge free radicals (Enujiugha et al., 2012). The pathology of gout involves the deposition of urate crystals at the joints and tissues (Nsirim, 1999). Consumption of African yam bean was observed to reduce uric acid levels in the serum thus mopping up urate crystals (Eneh et al., 2016). This research unveiled the potential of African yam bean to contain potent bioactive ingredients for gouty arthritis management. The study by Eneh et al. (2016) equally identified the use of the crop as a local analgesic. Their findings revealed the African yam bean as a valuable and indispensable leguminous crop whose nutritional and pharmacological properties need to be commercially harnessed.




African yam bean grain as alternative crude protein for livestock feeds

Protein components in livestock feeds are the costliest. Soybean has been mostly used but their availability and cost are often challenging. This has made the consideration of alternative grain legumes a quest. African yam bean has been suggested as a very good substitute because its crude protein content falls within the range of values required for the substitution of soybean (Akinmutimi et al., 2006). In their research on weaner rabbit, Akinmutimi et al. (2006) observed that the feed-to-gain ratio increased as the quantity of raw African yam bean meal increased in the diet and became significantly different from the control (not fed on African yam bean). In another study on broiler chicken, Akinmutimi et al. (2011) reported that African yam bean supported better growth performance, low mortality, improved carcass characteristics, and cost per kg weight gain of meat, especially when the beans were boiled before usage as feed materials. This was a development over the initial research on weaner rabbits in which raw African yam bean was used.

Feed consumption by the rabbits was low when the content of African yam beans was much higher in the feeds of the rabbits. The presence of saponin and tannin was implicated (Akinmutimi et al., 2006) for the low feed intake. Processing by boiling reduced trypsin inhibitor and hydrocyanic acid and increased feed intake by the broiler chickens (Akinmutimi et al., 2011; Ndidi et al., 2014). In another study by Okereke et al. (2011) on finisher feeds for broiler chickens, toasting the grains enhanced feed intake, and supported optimum growth. Processing of the seed before utilization as a feed component yielded very good and highly comparable results (Anya and Ozung, 2019). Moreover, fermentation with lime subdued the beany flavor of the meals from African yam bean grains (Ngwu et al., 2014); for instance, Ajayi (2011) noted that fermentation grossly reduced phytate content in African yam bean meals. Okereke et al. (2011) further found that the replacement of the more expensive conventional feed ingredients with alternative cheap and affordable grain legumes was a possible solution to the escalating cost of livestock feeds. Fermentation and roasting increased the nutrient content and acceptability of its meal by livestock.



Conclusion and future research

African yam bean, like many other legume species, is an excellent food, low in fat, and rich in protein, fiber, minerals, and vitamins. Identification of the adoption driver for any species is an appropriate primary process; sometimes, genetic improvement may be secondary while markets or food politics could be primary. Some of the constraints to underutilization may be addressed in the laboratory and field plots, while others may need advocacy and market development strategy; sometimes in practice, many will need both. So, identifying crops that stand out as having the trait (and associated market) show higher potential than other common crops and are capable of improving food security is the first task (Mayes et al., 2012). This review unveils the food, feed, and health benefits of African yam bean. What do orphan crops have to offer that is not in the mainstream of the most used crops? Identification and realization of such potential according to Mayes et al. (2012) could justifiably lead to consideration of its/their uniqueness.

Most cultural systems or indigenous communities have cultivated and utilized diverse traditional crop varieties/landraces. The knowledge from seed to the table of such crops remains with the diverse indigenous cultures. They are not documented but are socially embedded in the cultures, traditions, and beliefs, they were locally derived and have for many years co-evolved with the ecosystem and lifestyle of each cultural domain (Berkes et al., 2000; Chivenge et al., 2015). The information in them has always been transferred through generations, observations and narrations. The present world of science which lacks knowledge of these crops and cannot find archival documentaries has one option—to directly link to the past through consultations with the indigenous cultures. Nnamani et al. (2018) did that for African yam bean among the five Igbo community states of Nigeria with very significant discoveries.

On Olanipekun's et al. (2017) concerns on the lack of knowledge about underutilized crops in the intellectual domain, future research on rescuing underutilized crops including African yam bean could be difficult if basic information (some of which are still intact with the indigenous communities) are not duly and promptly harnessed. The gap between the past and the present has made the quest for research on the underutilized crop unappealing because the link to past culture is often undocumented, and the benefits they provide are unknown because uses and possibilities from them died with the history. Important uses and functions of these species in the past as food or drug would have to be traced. Information from such search would lead to the realization of the forgotten or unknown importance of the crops. Therefore, since African yam bean is cultivated and utilized in different cultures in most parts of Nigeria and west and central Africa, a national survey to rescue fading important information and germplasm collection is urgently needed.

It is clear from the literature that locked-in crops such as the African yam bean have suitable and promising place in addressing human food, livestock feeds, and nutritional problems. In the future, harnessing its utility includes: significant awareness creation on the crop, its products and end products, policy support of its productivity/availability, research to address the inherent hard-to-cook and anti-nutritional problems, and innovative valorization along its value chain. This will enhance its attraction and drive the demand for is consumption and utilization. According to Akah et al. (2021), tireless efforts toward achieving some of these should, therefore, be pursued by all stakeholders to curb the prevalent nutritional problems.



Author contributions

BA and CN: conceptualization, literature search, outline planning, and review and editing. BA: original draft. Both authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Abberton, M., Paliwal, R., Faloye, B., Marimagne, T., Moriam, A., and Oyatomi, O. (2022). Indigenous African orphan legumes: potential for food and nutrition security in SSA. Front. Sustain. Food Syst. 6, 708124. doi: 10.3389/fsufs.2022.708124

 Abbey, B. W., and Berezi, P. E. (1988). Influence of processing on the digestibility of African yam bean [Sphenostylis stenocarpa (Hoechst Ex. A. rich.) harms] flour. Nutr. Rep. Int. 37, 819–827.

 Abioye, V. F., Olanipekun, B. F., and Omotosho, O. T. (2015). Effect of varieties on the proximate, nutritional and anti-nutritional composition of nine variants of African yam bean seeds (Sphenostylis Stenocarpa). Donnish J. Food Sci. Technol. 1, 017–021

 Adegboyega, T. T., Abberton, M. T., AbdelGadir, A. H., Dianda, M., Maziya-Dixon, B., Oyatomi, O. A., et al. (2020). Evaluation of nutritional and antinutritional properties of African yam bean [Sphenostylis stenocarpa (Hochst ex. A. rich.) harms.] seeds. J. Food Qual. 2020, 6569420. doi: 10.1155/2020/6569420

 Adeniji, T. A., Sanni, L. O., Barimalaa, I. S., and Hart, A. D. (2007). Mineral composition of five improved varieties of cassava. Niger. Food J. 25, 39–44. doi: 10.4314/nifoj.v25i1.33666

 Adesoye, A. I., and Nnadi, N. C. (2011). Mitotic chromosome studies of some accessions of African yam bean Sphenostylis stenocarpa (Hochst. Ex. A. Rich.) Harm. Afri. J. Plant Sci. 5, 835–841. doi: 10.5897/AJPS10.100

 Adewale, B. D., Aremu, C. O., Alake, C. O., and Ige, S. A. (2021). Multi-year genetic estimates of quantitative traits and intra-specifific diversity of some Sphenostylis stenocarpa accessions for reliable selection and characterization. Agric. Res. 10, 165–174. doi: 10.1007/s40003-020-00496-x

 Adewale, B. D., Dumet, D. J., Vroh-Bi., I, Kehinde, O. B., Ojo, D. K., Adegbite, A. E., et al. (2012). Morphological diversity analysis of African yam bean and prospects for utilization in germplasm conservation and breeding. Genet. Resour. Crop Evol. 59, 927–936. doi: 10.1007/s10722-011-9734-1

 Adewale, B. D., and Odoh, N. C. (2013). A review on Genetic resources, diversity and agronomy of African yam bean [Sphenostylis stenocarpa (Hochst. ex A. rich.) harms]: a potential future food crop. Sustain. Agric. Res. 2, 32–43. doi: 10.5539/sar.v2n1p32

 Adeyeye, E., Oshodi, A. A., and Ipinmoroti, K. O. (1999). Fatty acid composition of six varieties of dehulled African yam bean (Sphenostylis stenocarpa) flour. Int. J. Food Sci. Nutr. 50, 357–365. doi: 10.1080/096374899101094

 Agunbiade, S. O. (1998). The chemical composition and in vitro digestibility of yam bean starch. Food Chem. 41,173–176. doi: 10.1016/S0308-8146(97)00125-8

 Agunbiade, S. O., and Longe, O. G. (1996). Effect of processing on the physico-chemical properties of yam bean Sphenostylis stenocarpa (Hoechst Ex. A. Rich.) harms. Nahrung 40, 184–188. doi: 10.1002/food.19960400405

 Agunbiade, S. O., and Longe, O. G. (1998). African yam bean hull chemical composition and its effects on rat's mineral retention, serum biochemical component and enzymatic activities. Nahrung 42, 89–93. doi: 10.1002/(SICI)1521-3803(199804)42:02<89::AID-FOOD89>3.0.CO

 Agunbiade, S. O., and Longe, O. G. (1999a). Essential amino acid composition and biological quality of yam bean Sphenostylis stenocarpa (Hoechst Ex. A. rich.) harms. Nahrung 43, 22–24. doi: 10.1002/(SICI)1521-3803(19990101)43:1<22::AID-FOOD22>3.0.CO

 Agunbiade, S. O., and Longe, O. G. (1999b). The physico-functional characteristics of starches from cowpea (Vigna unguiculata), pigeon pea (Cajanus cajan) and yam bean (Sphenostylis stenocarpa). Food Chem. 65, 469–474. doi: 10.1016/S0308-8146(98)00200-3

 Agunwah, I. M., Olawuni, I. A., Ibeabuchi, J. C., Uzoukwu, A. E., and Alagbaoso, S. O. (2019). Evaluation of the proximate and functional properties of flours from brown variety of African yam bean (Sphenostylis stenocarpa) Seeds. Curr. J. Appl. Sci. Technol. 38, 1–8. doi: 10.9734/cjast/2019/v38i630388

 Ajayi, A. O. (2011). Sustainable dietary supplements: an analytical study of African yam bean-Sphenostylis stenocarpa and Corn-Zea maiz. Eur. J. Exp. Biol. 1, 189–201.

 Ajayi, F. T., Akande, S. R., Adegbite, A. A., and Idowu, B. (2009). Assessment of seven underutilized grain legume foliages as feed resources for ruminants. Livest. Res. Rural Dev. 21, 9–18.

 Ajibola, G. O., and Olapade, A. A. (2016). Physical, proximate and anti-nutritional composition of African yam bean (Sphenostylis stenocarpa) seeds varieties. J. Food Res. 5, 67–72. doi: 10.5539/jfr.v5n2p67

 Akah, N. P., Kunyanga, C. N., Okoth, M. W., and Njue, L. G. (2021). Pulse production, consumption and utilization in Nigeria within regional and global context. Sustain. Agric. Res. 10, 48–64. doi: 10.5539/sar.v10n2p48

 Akande, S. R. (2008). Germplasm characterization of African yam bean (Sphenostylis stenocarpa) from South-West Nigeria. Plant Genet. Resour. Newsl. 154, 25–29. Available online at: https://www.bioversityinternational.org/fileadmin/PGR/author-auth_S.R.%20Akande-lang_en.html

 Akinmutimi, A. H., Amaechi, N., and Unogu, M. (2006). Evaluation of raw African yam bean as substitute for soya bean meal in the diet of weaner rabbits. J. Anim. Vet. Adv. 5, 907–911.

 Akinmutimi, A. H., Eburuaja, A. S., and Assam, E. M. (2011). Performance of broiler chickens fed variously processed African yam bean. Int. J. Curr. Res. 33, 091–096.

 Alam, M. K., Rana, Z. H., and Islam, S. N. (2016). Comparison of the proximate composition, total carotenoids and total polyphenol content of nine orange-fleshed sweet potato varieties grown in Bangladesh. Foods 5, 64. doi: 10.3390/foods5030064

 Aletan, U. I. (2018). Comparison of the proximate and mineral composition of two cowpea varieties obtained from mile 12 market, Lagos. Commun. Phys. Sci. 3, 43–48.

 Allen, O. N., and Allen, E. K. (1981). The Leguminous. A source Book of Characterization, Uses and Nodulation. London: Macmillan Publishers' Ltd.

 Ameh, G. I. (2007). Proximate and mineral composition of seed and tuber of African yam bean, sphenostylis stenocarpa (Hochst. ex. a. rich.) harms. ASSET Ser. B 6, 1–10. doi: 10.4314/pprj.v10i1.35248

 Amoatey, H. M., Klu, G. Y. P., Bansa, D., Kumaga, F. K., Aboagye, L. M., Benett, S. O., et al. (2000). African yam bean (Sphenostylis stenocarpa) a neglected crop in Ghana. West Afr. J. Appl. Ecol. 1, 53–60.

 Anochili, B. C. (1984). Tropical Agricultural Handbook. Food Crop Production. London: Macmillan Publishers.

 Antova, G. A., Stoilova, T. D., and Ivanova, M. M. (2014). Proximate and lipid composition of cowpea (Vigna unguiculata L.) cultivated in Bulgaria. J. Food Comp. Anal. 33 146–152. doi: 10.1016/j.jfca.2013.12.005

 Anya, M. I., and Ozung, P. O. (2019). Proximate, mineral and anti-nutritional compositions of raw and processed African yam bean (Sphenostylis stenocarpa) seeds in Cross River state, Nigeria. Glob. J. Agric. Sci. 18, 19–29. doi: 10.4314/gjass.v18i1.3

 Apata, D. F., and Ologhobo, A. D. (1997). Trypsim inhibitor and other anti-nutritional factors in tropical legume seeds. Trop. Sci. 37, 52–59.

 Argel, P. J., and Paton, C. J. (1999). “Overcoming legume hard seededness,” in Forage Seed Production: Tropical and Subtropical Species, eds D. S. Loch, and J. E. Ferguson (Wallingford, CT: CAB International), 247–265.

 Asare, E. O., Shehu, Y., and Agishi, E. A. (1984). Preliminary studies on indigenous species for dry season grazing in the northern guinea savanna zone of Nigeria. Trop. Grassland 18, 148–152.

 Ascheri, J. L. R., Zamudio, L. H. B., Carvalho, C. W. P., Arevalo, A. M., and Fontoura, L. M. (2014). Extraction and characterization of starch fractions of five phenotypes Pachyrhizus tuberosus (Lam.) Spreng. Food Nutr. Sci. 5, 1875–1885. doi: 10.4236/fns.2014.519200

 Assefa, F., and Kleiner, D. (1997). Nodulation of African yam bean (Sphenostylis stenocarpa) by Bradyrhizobium sp. isolated from Erythrina brucei. Biol. Fertil. Soils 25, 209–210. doi: 10.1007/s003740050305

 Aweke, A., and Roba, B. (2016). Evaluation of proximate composition of sweet potato [Ipomoea batatas (L.) Lam] for better utilization through agro-food processing chain. Glob. J. Anim. Breed. Genet. 4, 248–255.

 Azeke, M. A., Fretzdorff, B., Beuning Pfaue, W., Holfzapfel, W., and Betsche, T. (2005). Nutritional value of African yam bean (Sphenostylis stenocarpa): improvement by lactic acid fermentation. J. Sci. Food Agric. 85, 963–970. doi: 10.1002/jsfa.2052

 Azuzu, I. U. (1986). Pharmacological evaluation of the folklore use of Sphenostylis stenocarpa. Journal of Ethnopharm 16, 263–267. doi: 10.1016/0378-8741(86)90092-9

 Azuzu, I. U., and Undie, A. (1986). Some observations on the toxic effect of the seed extract of Sphenostylis stenocarpa (Hoechst ex. A. rich. harms.) on intestinal muscle. Qual. Plant. Plant Food Hum. Nutr. 36, 3–9. doi: 10.1007/BF01091747

 Baldermann, S., Blagojevic, L., Frede, K., Klopsch, R., Neugart, S., Neumann, A., et al. (2016). Are neglected plants the food for the future? Crit. Rev. Plant Sci. 35, 106–119. doi: 10.1080/07352689.2016.1201399

 Berkes, F., Colding, J., and Folke, C. (2000). Rediscovery of traditional ecological knowledge as adaptive management. Ecol. Appl. 10, 1251–1262. doi: 10.1890/1051-0761(2000)0101251:ROTEKA2.0.CO

 Biama, P. K., Faraj, A. K., Mutungi, C. M., Isaac, N., Osuga, I. N., and Kuruma, R. W. (2020). Nutritional and technological characteristics of new cowpea (Vigna unguiculata) lines and varieties grown in eastern Kenya. Food Nutr. Sci. 11, 416–430. doi: 10.4236/fns.2020.115030

 Buckman, E. S., Oduro, I., Plahar, W. A., and Tortoe, C. (2018). Determination of the chemical and functional properties of yam bean [Pachyrhizus erosus (L.) Urban] flour for food systems. Food Sci. Nutr. 6, 457–463. doi: 10.1002/fsn3.574

 Chivenge, P., Mabhaudhi, T., Modi, A. T., and Mafongoya, P. (2015). The potential role of neglected and underutilised crop species as future crops under water scarce conditions in Sub-Saharan Africa. Int. J. Environ. Res. Public Health 12, 5685–5711. doi: 10.3390/ijerph120605685

 Christopher, O. C., Njoku, U. O., and Mbah, A. M. (2013). Anti-anaemic effect of methanol seed extract of Sphenostylis stenocarpa (African yam bean) in Wistar albino rats. Afr. J. Pharm. Pharmacol. 7, 2907–2913. doi: 10.5897/AJPP12.1388

 Dakora, F. D. (2013). Biogeographic distribution, nodulation and nutritional attributes of underutilized indigenous African legumes. Acta Hortic. 979, 53–64. doi: 10.17660/ActaHortic.2013.979.3

 Dukes, J. A. (1981). Handbook of Legumes of World Economic Importance. New York, NY: Plenum Press, 220–222. doi: 10.1007/978-1-4684-8151-8

 Dukes, J. A. (1992). Handbook of Phytochemical Constituents of GRAS Herbs and Other Economic Plants. Boca Raton, FL: CRC Press, 1–16. doi: 10.1201/9780203752623-1

 Ebert, A. W. (2014). Potential of underutilized traditional vegetables and legume crops to contribute to food and nutritional security, income and more sustainable production systems. Sustainability 6, 319–335. doi: 10.3390/su6010319

 Edem, D. O., Amugo, C. I., and Eka, O. U. (1990). Chemical composition of yam beans (Sphenostylis stenocarpa). Trop. Sci. 30, 59–63.

 Elusoji, S. (2015). Whole-Wheat Cookies Incorporated With African Yam Bean. Deutschland: Lambert Academic Publishing.

 Eneh, F. U., Orjionwe, R. N., and Adindu, C. S. (2016). Effect of African yam bean (Sphenostylis stenocarpa) on serum calcium, inorganic phosphate, uric acid, and alkaline phosphatase concentration of male albino rats. J. Agric. Sci. 8, 148–153. doi: 10.5539/jas.v8n1p148

 Ene-Obong, E. E., and Okoye, F. I. (1992). Interrelationship between yield and yield components in Africa yam bean. Beitrage zur Trop. Landwirtschaft Vet. Med. 30, 283–290.

 Ene-Obong, E. E., and Okoye, F. I. (1993). Effect of seed coat on water permeability on the African yam bean (Sphenostylis stenocarpa). Niger. J. Bot. 6, 43–51.

 Ene-Obong, H. N., and Carnoville, E. A. (1992). Comparison of the proximate mineral and amino acid composition of some known and lesser known legumes in Nigeria. Food Chem. 43, 169–175. doi: 10.1016/0308-8146(92)90169-3

 Ene-Obong, H. N., Sanusi, R. A., Udenta, E. A., Williams, I. O., Anigo, K. M., Chibuzo, E. C., et al. (2013). Data collection and assessment of commonly consumed foods and recipes in six geo-political zones in Nigeria: important for the development of a national food composition database and dietary assessment. Food Chem. 140, 539–546. doi: 10.1016/j.foodchem.2013.01.102

 Enujiugha, V. N., Talabi, J. Y., Malomo, S. A., and Olagunju, A. I. (2012). DPPH radical scavenging capacity of phenolic extracts from African yam bean (Sphenostylis stenocarpa). Food Nutr. Sci. 3, 7–13. doi: 10.4236/fns.2012.31002

 Enwere, N. J. (1998). Foods of Plant Origin. Nsukka: Afro-Orbis Publisher, University of Nigeria.

 Esan, Y. O., and Fasasi, O. S. (2013). Amino acid composition and antioxidant properties of African yam bean (Spenostylis stenocarpa) protein hydrolysates. Afr. J. Food Sci. Technol. 4, 100–105.

 Evans, I. M., and Boulter, D. (1974). Amino acid composition of seeds of meals of yam bean (Sphenostylis stenocarpa) and Lima bean (Phaseolus Iunatus). J. Sci. Food Agric. 25, 919–922. doi: 10.1002/jsfa.2740250806

 Ezekiel, T. W., Nuhu, N. D., and Nachana'a, T. (2020). Phytochemical, elemental, proximate and anti-nutrients composition of Irish potato (Solanum tuberosum) obtained in Kwaja, Mubi South local government area of Adamawa state. Int. J. Inno. Sci. Engr. Tech. 7, 258–268. Available online at: https://ijiset.com/vol7/v7s7/IJISET_V7_I7_24.pdf

 Fakir, M. S. A., Jannat, M., Mostafa, M. G., and Seal, H. (2012). Starch and flour extraction and nutrient composition of tuber in seven cassava accessions. J. Bangl. Agric. Univer. 10, 217–222. doi: 10.3329/jbau.v10i2.14698

 Foyer, C. H., Lam, H.-M., Nguyen, H. T., Siddique, K. H. M., Varshney, R. K., Colmer, T. D., et al. (2016). Neglecting legumes has compromised human health and sustainable food production. Nat. Plants 2, 16112. doi: 10.1038/nplants.2016.112

 George, T. T., Obilana, A. O., and Oyeyinka, S. A. (2020). The prospects of African yam bean: past and future importance. Heliyon 6, e05458. doi: 10.1016/j.heliyon.2020.e05458

 Gikundi, E. N., Sila, D. N., Orina, I. N., and Buzera, A. K. (2021). Physico-chemical properties of selected Irish potato varieties grown in Kenya. Afr. J. Food Sci. 15, 10–19. doi: 10.5897/AJFS2020.2025

 Idowu, A. O. (2014). Development, nutrient composition and sensory properties of biscuits produced from composite flour of wheat and African yam bean. Br. J. Appl. Sci. Technol. 4, 1925–1933. doi: 10.9734/BJAST/2014/7183

 Igbabul, B., Adole, D., and Sule, S. (2013). Proximate composition, functional and sensory properties of bambara nut (Voandzeia subterranean), cassava (Manihot esculentus) and soybean (Glycine max) flour blends for “Akpekpa” production. Curr. Res. Nutr. Food Sci. 1, 147–155. doi: 10.12944/CRNFSJ.1.2.06

 Igbabul, B. D., Iorliam, B. M., and Umana, E. N. (2015). Physicochemical and sensory properties of cookies produced from composite flours of wheat, cocoyam and African yam beans. J. Food Res. 4, 150–158. doi: 10.5539/jfr.v4n2p150

 Ihekoronye, A. I., and Ngoddy, P. O. (1985). Integrated Food Science and Technology for the Tropics. London: Macmillan Publishers.

 Ikhajiagbe, B. (2003). African yam bean in Nigeria: the stone that the builders rejected. Raw Mater. Digest. 1, 2–4.

 Ikhajiagbe, B., Ogwu, M. C., Ogochukwu, O. F., Odozi, E. B., Adekunle, I. J., and Omage, Z. E. (2021). The place of neglected and underutilized legumes in human nutrition and protein security in Nigeria. Crit. Rev. Food Sci. Nutr. 62, 3930–3938. doi: 10.1080/10408398.2020.1871319

 Kay, D. E. (1987). Crop and Product Digest. No. 2-Root Crops, 2nd Edn. London: Tropical Development and Research Institute.

 Keyzer, M. A., Merbis, M. D., Pavel, I. F. P. W., and van Wesenbeeck, C. F. A. (2005). Diet shifts towards meat and the effects on cereal use: can we feed the animals in 2030? Ecol. Econ. 55, 187–202. doi: 10.1016/j.ecolecon.2004.12.002

 Klu, G. Y. P., Amoatey, H. M., Bansa, D., and Kumaga, F. K. (2001). Cultivation and use of African yam bean (Sphenostylis stenocarpa) in the volta region of Ghana. J. Food Technol. Africa 6, 74–77. doi: 10.4314/jfta.v6i3.19292

 Konyeme, T. E. (2021). Systematic studies of African yam bean (Sphenostylis stenocarpa) (Hochst Ex. A. Richmond) Harms. (PhD Thesis), University of Port Harcourt, Port Harcourt, Nigeria. doi: 10.14720/aas.2019.114.2.6

 Konyeme, T. E., Nyananyo, B. L., and Tanee, F. B. G. (2020). Diversity in proximate analysis of tubers of some African yam bean (Sphenostylis stenocarpa) (Hochst Ex. A. Rich.) harms (Fabaceae) accessions. J. Appl. Sci. Environ. Manage. 24, 1787–1793. doi: 10.4314/jasem.v24i10.12

 Machuka, J., and Okeola, O. G. (2000). One- and two-dimensional gel electrophoresis identification of African yam bean seed proteins. J. Agric. Food Chem. 48, 2296–2299. doi: 10.1021/jf990800x

 Mayes, S., Massawe, F. J., Alderson, P. G., Roberts, J. A., Azam-Ali, S. N., and Hermann, M. (2012). The potential for underutilized crops to improve security of food production. J. Exp. Bot. 63, 1075–1079. doi: 10.1093/jxb/err396

 Milne-Redhead, E., and Polhill, R. M. (1971). Flora of Tropical East Africa. London: Crown Agents for Oversea Governments and Administrations, Millbank, 670–674. doi: 10.2307/1218278

 Musah, M., Azeh, Y., Mathew, J. T., Nwakife, C. N., Mohammed, A. I., and Saidu, F. (2021). Nutritional evaluation of bambara groundnut [Vigna subterranea (L.) Verdc] from Lapai, Nigeria. Afr. J. Agric. Food Sci. 4, 32–39. doi: 10.52589/AJAFS_SQI5U7CN

 National Research Council (1979). Tropical Legumes: Resources for the Future. Washington, DC: National Academy of Sciences.

 National Research Council (2006). Lost Crops of Africa. Volume II: Vegetables. Washington, DC: The National Academies Press, 323–343. Available online at: http://nap.edu/11763

 Ndidi, U. S., Ndidi, C. U., Olagunju, A., Muhammad, A., Billy, F. G., and Okpe, O. (2014). Proximate, anti-nutrients and mineral composition of raw and processed (boiled and roasted) Sphenostylis stenocarpa seeds from southern Kaduna, Northwest Nigeria. Nutrition 2014, 280837. doi: 10.1155/2014/280837

 Nedumaran, S., Abinaya, P., Jyosthnaa, P., Shraavya, B., Parthasarathy, R., and Cynthia, B. (2015). Grain Legumes Production, Consumption and Trade Trends in Developing Countries. Working Paper Series No 60. ICRISAT Research Program, Markets, Institutions and Policies. Patancheru: International Crops Research Institute for the Semi-Arid Tropics.

 Ngwu, E. K., Aburime, L. C., and Ani, P. N. (2014). Effect of processing methods on the proximate composition of African yam bean (Sphenostylis stenocarpa) flours and sensory characteristics of their gruels. Int. J. Basic Appl. Sci. 3, 285–290. doi: 10.14419/ijbas.v3i3.2927

 Nilusha, R. A. T., Jayasinghe, J. M. J. K., Perera, O. D. A. N., Perera, P. I. P., and Jayasinghe, C. V. L. (2021). Proximate composition, physicochemical, functional and antioxidant properties of flours from selected cassava (Manihot esculenta Crantz) varieties. Int. J. Food Sci. 2021, 6064545, doi: 10.1155/2021/6064545

 Njoku, H. O., Eli, I., and Ofuya, C. O. (1989). Effect of pretreatment on the cooking time of the African yam bean (Sphenostylis sternocarpa). J. Food Sci. 54, 758–759. doi: 10.1111/j.1365-2621.1989.tb04700.x

 Njoku, H. O., Ofuya, C. O., and Ogbulie, J. N. (1991). Production oftempeh from the African yam bean (Sphenostylis stenocarpa hams). Food Microbiol. 8, 209–214. doi: 10.1016/0740-0020(91)90052-4

 Nnam, N. M. (1997). Chemical and sensory evaluation of vegetable milks from African yam bean Sphenostylis stenocarpa (Hochst ex A Rich) harms and maize (Zea mays L.). Plant Food Hum. Nutr. 51, 265–275 doi: 10.1023/A:1007918011504

 Nnamani, C. V., Adewale, B. D., Oselebe, H. O., and Atkinson, C. J. (2021). “African yam bean the choice for climate change resilience: need for conservation and policy,” in African Handbook of Climate Change Adaptation, ed W. Leal Filho (Cham: Springer Nature). doi: 10.1007/978-3-030-45106-6_203

 Nnamani, C. V., Ajayi, S. A., Oselebe, H. O., Atkinson, C. J., Adewale, B. D., Igwe, D. O., et al. (2018). Updates on nutritional diversity in Sphenostylis stenocarpa (Hoechst ex. A. rich.) harms, for food security and conservation. Am. J. Agric. Biol. Sci. 13, 38–49. doi: 10.3844/ajabssp.2018.38.49

 Nnamani, C. V., Ajayi, S. A., Oselebe, H. O., Atkinson, C. J., Igboabuchi, A. N., and Ezigbo, E. C. (2017). Sphenostylis stenocarpa (ex. A. rich.) harms. a fading genetic resource in a changing climate: prerequisite for conservation and sustainability. Plants 6, 30. doi: 10.3390/plants6030030

 Nsirim, N. (1999). “Calcium and phosphate metabolism,” in Clinical Biochemistry for Students of Pathology, 3rd edn (Lagos: Longman Nigeria Ltd.), 147–150.

 Nwachukwu, E. O., and Umechuruba, C. I. (1991). Seed-borne fungi associated with African yam bean in four eastern states in Nigeria. Seed Res. 19, 13–20.

 Nwankwo, M. O., Etim, E. E., and Ogbonna, I. O. (2018). Investigation on the anti-diabetic activity of Sphenostylis stenocarpa seed milk extract in alloxan-induced diabetes rats. Int. J. Sci. Res. 8, 824–829. doi: 10.29322/IJSRP.8.8.2018.p80104

 Nwaoguikpe, R. N. (2008). Effect of the extract of African yam beans (Sphenostylis stenocarpa), Hyacinth beans (Lablab purpureus) and Bambara groundnut (Voandzea subterranea) on the polymerization and the Fe2+/Fe3+ ratio of sickle cell blood. Niger. J. Biochem. Mol. Biol. 23, 46–50.

 Nwinuka, N. M., Abbey, B. W., and Ayalogu, E. O. (1997). Effect of processing on flatus producing oligosaccharides in cowpea (Vigna unguiculata) and the tropical African yam bean (Sphenostylis stenocarpa). Plant Food Hum. Nutr. 51, 209–218. doi: 10.1023/A:1007945100867

 Nwokolo, E. (1996). “The need to increase consumption of pulses in the developing world,” in Food and Feed From Legumes and Oilseeds, eds E. Nwokolo, and J. Smart (London: Chapman and Hall), 3–11. doi: 10.1007/978-1-4613-0433-3_1

 Nwokolo, E. A. (1987). Nutrient assessment of African yam bean (Sphenostylis stenocarpa) and bambara groundnut (Voandzea subterrannea). J. Sci. Food Agric. 41, 123–129. doi: 10.1002/jsfa.2740410205

 Nwosu, D. J., Olubiyi, M. R., Aladele, S. E., Apuyor, B., Okere, A. U., Lawal, A. I., et al. (2019). Proximate and mineral composition of selected soybean genotypes in Nigeria. J. Plant Dev. 26, 67–76. doi: 10.33628/jpd.2019.26.1.67

 Obiagwu, C. J. (1997). Screening process for ideal food legume cover crops in the tropical ecosystem: (II) application of selection method for grain legume crops of the Benue river basins of Nigeria (BRBN). J. Sustain. Agric. 10, 15–31 doi: 10.1300/J064v10n01_04

 Obizoba, I. C., and Nnam, N. (1992). The effects of sprouting times on nutritive value of two varieties of African yam bean (Sphenostylis stenocarpa). Plant Food Hum. Nutr. 42, 319–327. doi: 10.1007/BF02194093

 Oboh, H. A., Muzquiz, M., Burbano, C., Cuadrado, C., Pedrosa, M. M., Ayet, G., et al. (1998). Anti- nutritional constituents of six underutilized legumes grown in Nigeria. J. Chromatogr. 82, 307–312 doi: 10.1016/S0021-9673(98)00542-1

 Ogbemudia, R. E., Nnadozie, B. C., and Anuge, B. (2017). Mineral and proximate composition of soya bean. Asian J. Phys. Chem. Sci. 4, 1–6. doi: 10.9734/AJOPACS/2017/38530

 Ogunwusi, A. A., and Ibrahim, H. D. (2016). Industrial potential of underutilized plants in Nigeria. J. Nat. Sci. Res. 6, 20–28. Available online at: http://iiste.org/Journals/index.php/JNSR/article/view/29412

 Ojuederie, B. O., Ajiboye, J. A., and Babalola, O. O. (2020). Biochemical and histopathological studies of key tissues in healthy male wistar rats fed on African yam bean seed and tuber meals. J. Food Qual. 2020, 8892618. doi: 10.1155/2020/8892618

 Ojuederie, O. B., and Balogun, M. O. (2019). African yam bean (Sphenostylis Stenocarpa) tubers for nutritional security. J. Underutil. Legumes 1, 56–68.

 Ojuederie, O. M., Balogun, M. O., Akande, S. R., Korie, S., and Omodele, T. (2015). Intraspecific variability in agro-morphological traits of African yam bean Sphenostylis stenocarpa (Hochst ex. A. Rich) Harms. J. Crop Sci. Biotechnol. 18, 53–62. doi: 10.1007/s12892-014-0109-y

 Okereke, I. H., Okereke, C. O., and Akinmutimi, A. H. (2011). Potentials of replacing soybean meal with toasted African yam bean meal on growth performance of broiler finisher birds Niger. Agric. J. 49, 138–142.

 Okigbo, B. N. (1973). “Introducing the yam bean (Sphenostylis stenocarpa) (Hochst ex. A. rich.) harms,” in Proceedings of the First IITA Grain Legume Improvement Workshop 29 October−2 November 1973 (Ibadan), 224–238.

 Okoye, E. C., and Nkemakonam, O. C. (2018). Production and quality evaluation of enriched cookies from wheat, African yam bean and carrot composite flours. Ann. Food Sci. Technol. 19, 1–6.

 Okoye, F. I., and Ene-Obong, E. E. (1992). Genetic variability and correlation studies in African yam bean–Sphenostylis stenocarpa. Niger. J. Bot. 5, 75–83.

 Okoye, J. I., and Obi, C. D. (2017). Chemical composition and sensory properties of wheat-African yam bean composite flour cookies. Discourse J. Agric. Food Sci. 5, 21–27.

 Okpara, D. A., and Omaliko, C. P. E. (1995). Effects of Staking, nitrogen and phosphorus fertilizer rates on yield and yield components of African yam bean (Sphenostylis stenocarpa). Ghana J. Agric. Sci. 28, 23–28. doi: 10.4314/gjas.v28i1.2004

 Okpara, D. A., and Omaliko, C. P. E. (1997). Response of African yam bean (Sphenostylis stenocarpa) to sowing date and plant density. Indian J. Agric. Sci. 67, 220–221.

 Okudu, H. O., and Ojinnaka, M. C. (2017). Effect of soaking time on the nutrient and antinutrient composition of bambara groundnut seeds (Vigna Subterranean). Afr. J. Food Sci. Technol. 8, 25–29. doi: 10.14303/ajfst.2017.099

 Olaleye, A. A., Adeyeye, E. I., and Adesina, A. J. (2013). Chemical composition of bambara groundnut (V. subterranea L. Verdc) seed parts. Bangl. J. Sci. Indust. Res. 48, 167–178. doi: 10.3329/bjsir.v48i3.17325

 Olanipekun, O. T., Oluremi, F. E., and Abiodun, E. (2017). Influence of knowledge and perception on the utilization of some under-utilized legumes among Nigerian students. Int. J. Food Nutr. Res. 1, 1–7.

 Omitogun, O. G., Jackai, L. E. N., and Thottappilly, G. (1999). Isolation of insecticidal lectin-enrich extracts from African yam bean (Sphenostylis stenocarpa) and other legume species. Entomol. Exp. Applic. 90, 301–311. doi: 10.1046/j.1570-7458.1999.00450.x

 Onyenekwe, P. C., Njoku, G. C., and Ameh, D. A. (2000). Effect of cowpea processing methods on flatulence causing oligosaccharides. Nutr. Res. 20, 349–358. doi: 10.1016/S0271-5317(00)00128-7

 Ortiz, R. (1998). Cowpeas from Nigeria: a silent food revolution. Outlook Agric. 27, 125–128. doi: 10.1177/003072709802700210

 Oshodi, A. A., Ipinmoroti, K. O., Adeyeye, E. I., and Hall, G. M. (1995). In vitro Multienzyme digestibility of protein of six varieties of African yam bean flours. J. Sci. Food Agric. 69, 373–377. doi: 10.1002/jsfa.2740690315

 Oshomoh, E. O., and Ilodigwe, C. C. (2018). Ameliorative potential of biocharcoal on sodium azide toxicity in African yam bean (Sphenostylis stenocarpa Hochst. Ex. A. rich) harms. J. Appl. Sci. Environ. Manage. 22, 681–687. doi: 10.4314/jasem.v22i5.11

 Owolabi, A. O., Ndidi, U. S., James, B. D., and Amune, F. A. (2012). Proximate, anti-nutrient and mineral composition of five varieties (improved and local) of cowpea, Vigna unguiculata, commonly consumed in Samaru Community, Zaria-Nigeria. Asian J. Food Sci. Technol. 4, 70–72.

 Pahl-Wostl, C. (2009). A conceptual framework for analysing adaptive capacity and multi-level learning processes in resource governance regimes. Glob. Environ. Change 19, 354–365. doi: 10.1016/j.gloenvcha.2009.06.001

 Popoola, J. O., Adegbite, A. E., and Obembe, O. O. (2011). Cytological studies on some accessions of African yam bean (AYB) (Sphenostylis stenocarpa Hochst. Ex. A. Rich. Harms). Int. Res. J. Plant Sci. 2, 249–253.

 Potter, D. (1992). Economic botany of Sphenostylis (Leguminosae). Econ. Bot. 46, 262–275. doi: 10.1007/BF02866625

 Potter, D., and Doyle, J. J. (1992). Origin of African yam bean (Sphenostylis stenocarpa, Leguminosae): evidence from morphology, isozymes, chloroplast DNA and Linguistics. Econ. Bot. 46, 276–292. doi: 10.1007/BF02866626

 Potter, D., and Doyle, J. J. (1994). Phylogeny and systematics of Sphenostylis and Nesphostylis (Leguminoseae: Phaseoleae) based on morphological and chloroplast DNA data. Syst. Bot. 19, 389–406. doi: 10.2307/2419764

 Rachie, K. O. (1973). “Highlight of grain legume improvement at IITA 1970–73,” in Proceedings of the First IITA Grain Legume Improvement Workshop 29 October−2 November 1973 (Ibadan).

 Rachie, K. O., and Roberts, L. M. (1974). Grain legumes of the lowland tropics. Adv. Agron. 26, 1–132. doi: 10.1016/S0065-2113(08)60869-X

 Rehm, S. (1994). Multilingual Dictionary of Agronomic Plants. Available online at: http://www.ars-grin.gov/cgi-bin/npgs/html/stdlit.pl?Dict%20Rehm (accessed September 15, 2009).

 Saka, J. O., Ajibade, S. R., Adeniyan, O. N., Olowoyo, B., and Ogunbodede, B. A. (2004). Survey of grain legume production systems in South-west agricultural zone of Nigeria. J. Agric. Food Inform. 6, 93–108. doi: 10.1300/J108v06n02_08

 Sandhu, K. S., You, F. M., Conner, R. L., Balasubramanian, P. M., and Hou, A. (2018). Genetic analysis and QTL mapping of the seed hardness trait in a black common bean (Phaseolus vulgaris) recombinant inbred line (RIL) population. Mol. Breed. 38, 1–13. doi: 10.1007/s11032-018-0789-y

 Sanoussi, A. F., Adjatin, A., Dansi, A., Adebowale, A., Sanni, L. O., and Sanni, A. (2016). Mineral composition of ten elites sweet potato [Ipomoea Batatas (L.) Lam.] landraces of Benin. Int. J. Curr. Microbiol. Appl. Sci. 5, 103–115. doi: 10.20546/ijcmas.2016.501.009

 Schippers, R. R. (2000). African Indigenous Vegetables: An Overview of the Cultivated Species Chatham. Natural Resources Institute/ACP-EU Technical Centre for Agricultural and Rural Cooperation.

 Shitta, N. S., Abebe, A. T., Oselebe, H. O., Edemodu, A. C., Alamu, E. O., Abberton, M. T., et al. (2022). Evaluation of 93 accessions of African yam bean (Sphenostylis stenocarpa) grown in ethiopia for physical, nutritional, antinutritional, and cooking properties. J. Food Qual. 2022, 8386258. doi: 10.1155/2022/8386258

 Shitta, N. S., Edemodu, A. C., Abtew, W. G., and Tesfaye, A. A. (2021). “A review on the cooking attributes of African yam bean (Sphenostylis stenocarpa),” in Legumes Research, Vol. 2, eds J. C. Jimenez-Lopez, and A. Clemente (London: IntechOpen).

 Singh, B. B., Mohan Raj, D. R., Dashiell, K. E., and Jackai, L. E. N, (Eds). (1997). Advances in Cowpea Research. Co-publication of International Institute of Tropical Agriculture (IITA) and Japan International Research Centre for Agricultural Sciences (JIRCA) (Ibadan).

 Snapp, S., Rahmanian, M., and Batello, C. (2018). Pulse Crops for Sustainable Farms in Sub-Saharan Africa. Rome: FAO. doi: 10.18356/6795bfaf-en

 Soetan, K. O., and Adeola, A. A. (2018). Comparative nutritional and functional properties of selected underutilized legumes. Niger. J. Anim. Product. 45, 96–106. doi: 10.51791/njap.v45i3.441

 Stamp, P., Messmer, R., and Walter, A. (2012). Competitive underutilized crops will depend on the state funding of breeding programmes: an opinion on the example of Europe. Plant Breed. 131, 461–464. doi: 10.1111/j.1439-0523.2012.01990.x

 Terrell, E. E., Hill, S. R., Wiersema, J. H., and Rice, W. R. (1986). A Checklist of Names for 3000 Vascular Plants of Economic Importance. Agriculture Handbook 505. US Department of Agriculture. Available online at: http://www.ars-grin.gov/cgi-bin/npgs/html/stdlit.pl?AH%20505 (accessed September 15, 2009).

 Tilman, D., Balzer, C., Hill, J., and Befort, B. L. (2011). Global food demand and the sustainable intensification of agriculture. Proc. Natl. Acad. Sci. U.S.A. 108, 20260–20264. doi: 10.1073/pnas.1116437108

 Togun, A. O., and Olatunde, A. O. (1997). Reproductive development and seed yield in African yam bean (Sphenostylis stenocarpa). Niger. J. Sci. 31, 29–35.

 Togun, A. O., and Olatunde, A. O. (1998). Effect of soil applied fertilizer on the growth and yield of African yam bean (Sphenostylis stenocarpa). Niger. J. Sci. 32, 43–48.

 Ukom, A. N., Adiegwu, E. C., Ojimelukwe, P. C., and Okwunodulu, I. N. (2019). Quality and sensory acceptability of yellow maize ogi porridge enriched with orange-fleshed sweet potato and African yam bean seed flours for infants. Sci. Afr. 6, e00194. doi: 10.1016/j.sciaf.2019.e00194

 Umechuruba, C. I., and Nwachukwu, E. O. (1994). The efficacy of certain fungicides against seed-born fungi of African yam bean [Sphenostylis stenocarpa (Hochst ex. A. rich) harms] seeds. Int. J. Pest Manage. 40, 126–131. doi: 10.1080/09670879409371869

 Uwem, U. M., Babafemi, A. A., and Sunday, D. M. (2017). Proximate composition, phyto-constituents and mineral contents of soybean (Glycine max) flour grown and processed in Northern Nigeria. Adv. Appl. Sci. 2, 48–53. doi: 10.11648/j.aas.20170204.12

 Williams, J. T., and Haq, N. (2002). Global Research on Underutilized Crops. An Assessment of Current Activities and Proposals for Enhanced Cooperation. Southampton: ICUC.



OPS/images/fsufs-06-726458-t004.jpg
S/N  Items Range of values in Ref. Range of values in Ref. Range of values in Ref. Range of values in Ref.

literature for AYB literature for literature for literature for BGN
Cowpea Soybean

Proximate composition
1 Moisture content (%) 7.9-13.3 a,be 7.23-12.82 ghij 3.86-8.07 k1, m 9.20-10.2 n,o,p,q
2 Crude ash (%) 1.86-5.35 a,bcde 3.24-42 ghij 4.29-4.92 k1, m 3.40-4.36 n,o0,p,q
3 Crude fat (%) 1.32-1.88 a,b 0.44-2.98 ghi 18.5-28.2 k1, m 5.57-7.2 n,q
4 Crude protein (%) 17.66-24.31 a-e 23.01-26.44 g hij 31.19-37.69 k1, m 16.44-22.40 n,0,p,q
5 Crude fiber (%) 2.47-10.5 a-e 1.86-4.4 g hij 4.99-6.27 k1, m 1.45-4.80 n,o,p,q
6 Carbohydrate (%) 57.65-70.46 a,b,ce 53.87-59.34 ghj 16.31-30.47 k1, m 44.10-62.87 n,0,p,q
7 Dry matter (%) 87.55-91.09 od NA 96.12 +0.23 m NA
8 Total lipid (%) 7.68 £ 0.21 < 4.03 +0.19 j NA 5.17-7.60 o, p
9 Ether extract (%) 1.02-5.12 d,e NA NA NA
10 NFE (%) 48.47-59.94 d,e 53.51 & 4.49 j NA NA
Minerals
1 Calcium (ppm) 240-4,360 ef 202.86-2,420 ghj 231.6-10,800 kL m 350-38,740 o,p.q
2 Magnesium (ppm) 4,320-5,810 ef 77.56-1,157 ghj 249.8-25,824 k1Lm 2,090-19,240 0q
k) Potassium (ppm) 3,610-11,640 ef 244.83-111,922.5 ghj 16,300 m 3,150-5,070 o,p,q
4 Sodium (ppm) 42,130 e 14.52-21,405.8 ghj 300-3,300 I, m 1,170-2,390 0,q
5 Phosphorus (ppm) 2,340-2,740 ef 86.53-154.62 gh 5,300-69,520 I, m 1,740-3,960 o,p
6 Manganese (ppm) NA NA 0615 k 390 p
7 Iron (ppm) 100-1,260 ef 7.5-140 h,j 579-1,640 k1 180-425 0,q
8 Copper (ppm) 2,300 e NA NA 3,000 p
9 Zinc (ppm) 5,000 e 5.0-101.93 ghj 2414-270 k1 2,560-13,900 op
Vitamins
1 Vit. C (mg/100g) 12.9440.26 ¢ NA 179 q
2 Vit. BI (mg/100g) 0.1240.03 ¢ NA 04 q
3 Vit. B2 (mg/100g) 0.1940.03 < NA 0.15 q
4 Vit. B3 (mg/100g) 0.53 £0.02 < NA 2.34 q
5 B-carotene (mcg/100g) NA NA 883 q
6 Vit. E (mg/100g) NA NA 085 q

Range of values is the mean of means of presented values for the different items in the results sections of every publication cited, n-number of accessions/cultivars/genotypes considered in the various studies. Significant variations existed among the
cultivars employed in the different studies.

AYB, African yam bean; BGN, Bambara ground nut; NA, Not applicable; NEE, Nitrogen free extract; Vit,, Vitamins; Ref,, References.

a, Adegboyega et al. (2020), n = 25; b, Ajibola and Olapade (2016), n = 5; ¢, Nnamani et al. (2018), n = 34; d, Anya and Ozung (2019), n = 2; ¢, Ameh (2007); £, Ojuederie and Balogun (2019), n =
n = 4;i, Aletan (2018), n = 2; j, Owolabi et al. (2012),

Biama et al. (2020), n = 15; h, Antova et al. (2014),
5;k, Uwem et al. (2017), n = 3; 1, Ogbemudia et al. (2017); m, Nwosu et al. (2019), n = 20; n, Igbabul et al. (2013); o, Olaleye et al. (2013); p, Musah et al. (2021); g, Okudu and Ojinnaka (2017).
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spp
Proximate component
1 Crude protein (%) 8.32-14.45 abc 6.03-6.1 de 1.29-2.62 fg 3.15-3.36 ok 1.69-8.26 Lm
2 Moisture Content (%)~ 39.4-55.5 abc 77.75 d 655 f 67.28-71.70 ik 69.35-78.42 Lm
3 Total ash (%) 2.44-7.69 a,b,c 1.94-227 de 1.39-4.48 fg 124-332 jk 0.96-2.5 Lm
4 Crude fiber (%) 24-98 a,b,c 6.64 e 1.28 g 0.43-2.38 jk 0.57-0.88 Lm
5 Crude fat (%) 128-2.77 ac 057 e 0.44-2.82 fg 0.28-2.29 jk 0.07-2.3 Lm
6 Carbohydrate (%) 54.47-79.24 a,b,c 13.34-91.12 de 9034 f 23.18-24.98 bk 16.57-18.06 L m
7 Calorific value (Kjg-1) 1,451 a 388.79 e NA 134369 j
8 NEE (%) 71.18 b NA 88.88 g NA
9 Ether extract (%) 0.6 b 0.37 d NA NA
Minerals
1 Calcium (ppm) 500-2,680 a,b 783.33 h 2,560 i
2 Magnesium (ppm) 1,670-4,670 ab 850 h 2,352 i
3 Potassium (ppm) 7,400-48,790 ab 3,166.67 h 31,650 i
4 Sodium (ppm) 21,440 b 54.15 h 3,184 i
5 Manganese (ppm) 114.06 < 28.87 h NA
6 Tron (ppm) 80-3,160 a,b,c 156.76 h 63 i
7 Zinc (ppm) 78.56-3,750 b,c 7.33 h 1,540 i
8 Copper (ppm) 31.02-1,600 bc 7.08 h NA
9 Phosphorus (ppm) 20-66,010 ab 1,051 h 4,380 i

“AYB, African yam bean; Ref,, References; NFE, Nitrogen free extract, quantitative estimates were on dry matter basis.
a, Ojuederic and Balogun (2019), n = 4; b, Ameh (2007); ¢, Konyeme et al. (2020), n = 17; d, Ascheri et al. (2014), n = 5; ¢, Buckman et al. (2018); £, Nilusha et al.
(2016), n = 105 j, Aweke and Roba (2016), n = 10;k, Alam et al. (2016), n = 91, Gikundi et al. (2021), n = 3; m, Ezekiel et al. (2020).

; 8 Fakir et al. (2012), n = 7; h, Adeniji et al. (2007), n = 5; i, Sanoussi et al.
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Constraints

(a). Agronomic
Longer time to reach maturity

(6-8 months)

Photoperiodic sensitivity

Climbing growth habit that
necessitates staking
Shattering tendencies of pods
at maturity

Inconsistencies in tuber

production in space and time

Crop cultivation and
germplasm is declining

(b). Genetics

Lowering of genetic resources

quantity

Available genetic resources are
landraces and accessions

No improved cultivars

Chromosome number still
needing validation (n =18, 20,
22,24)

No record of gene action on
phenotypic traits

Population development and
breeding program still
invisible

(c). Utilization

“Beany flavor” due to

anti-nutritional factors

Hard-to-cook

Grains availability only in
rural markets

Grossly poor knowledge
about the crop and its
economic products
Tubers are not displayed
commodity even in rural

markets
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Current research status and some
gaps

Many individuals, groups, institutional and
self-funded researches are ongoing in
different disciplines on African yam bean in
Africa.

Its nodulation proficiency which cultural
cultivation has attested is yet to be identified,
investigated and discovered for eco-friendly
utilization in soil fertility managements and

crop production.

There had been some substantial diversity
studies including: genomics, biochemicals,
phenotypic etc., but utilization of the
discovered potentials in breeding and
improvement seem to be most necessary

now.

Where needed variation for improvement is
not available, creation of variation program

need to start.

Uniquely rich tubers of Sphenostylis
stenocarpa do not have relevance beside other
tuberous crops of Africa, moreover, its
nutritional richness are hardly known
outside Africa. Informative cultural
rudiments on the culinary of the crop is
fading and would need to be captured in all

eco-cultural niches.

Insights and way-forward

Partnership for collaborations and initiation
of coordinated researches on African yam

bean among all stake holders.

Formalized genetic resources rescue
programs and characterizations to unravel
germplasm potentials leading to significant
agronomic, genetic and nutritional

improvement.

Wider exploration and ethnobotanical survey
to harness cultural and useful tool to assist

research direction.

Cultivar development should embrace

participatory approach.

Increased  rural  socio-economic  and
nutritional awareness and development
of market valued products from African yam
bean.

Increasing research focus on its nutritional
novelties, adaptive qualities and links with

nutrition, health and livelihoods.





OPS/images/fsufs-06-726458-t003.jpg
Anti-nutritional factors Seed/Grain

Saponin (%) 0.111£0.007 Ajibola and 0.07 Anya and

Oxalate (%) 0.005 +0.0007 Olapade, 0.45 Shitta 0.01 Ozung, 0.00963  Abioye etal.,

Phytate (%) 0.01340.0004 2016 516  etal,2022 0.72 2019 0259 2015 0.00408 Adegboyega
Alkaloids (%) 0.227 £0.015 0.78 etal, 2020
Tannin (%) 0.003 = 0.0008 0.0047  Shitta 0.34 001315  Abioyeetal, 2.38  Adegboyega
Trypsin (TIU/mg) ~ 2.782 % 0.205 etal, 2022 021 0.3240.04 2015 etal, 2020
HCN (mg/kg) 7.184 +0.228 0.03

Steroids (%) 0.02

Total Glucosides (g/100g)

Total organic acids (ppm)

Amino acids and bioactive compounds
Total Phenolics (g/100g)

Total Flavonoids (g/100g)

Ascorbic Acid (mg/100g) 4994015 Abioye
B-Carotene (jg/100g) 70.19 £ 4.07 etal,
Haemagglutinins (mg/100g) 035005 2015

Total Amino acids (g/100g)

Total Essential Amino Acid (TEAA) (g/100g) 53.69 Esan and
Total Non-Essential amino acid (TNEAA) (g/100g) 46.07 Fasasi, 2013
TEAA/Total Amino Acid (%) 53.82

Total Sulfur Amino Acid (Methionine+Cystine) (g/100g) 10.88

Aromatic Essential Amino Acid (Phenylalanine+Tyrosine) (g/100g) 9.93

TEAA/TNEAA (%) 116.54

Hydrophobic Amino Acid (g/100g) 3399

Tuber

0.000302
0.000517
0.000314
37.07
0.000251
0.000223

10.02

0.001726

23.52

13.25

Konyeme,

2021

Konyeme,

2021

Konyeme,

2021

Esan and

Fasasi, 2013





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Introduction to food, feed, and health wealth in African yam bean, a locked-in African indigenous tuberous legume



		Introduction



		African yam bean in research history from 1973 to 2000



		Cowpea revolution: A setback for other indigenous tropical African grain legumes



		Constraints to wide utilization of African yam bean and prospects



		African yam bean: A safe, medicinal, and nutritious food



		Nutritional profile of African yam bean grain



		African yam bean tubers—A neglected product of the species



		Nutritional profile of African yam bean tuber







		Promotional initiatives to improve African yam bean utilization



		Health benefits of African yam bean



		Traditional culinary and health



		Management of gouty arthritis







		African yam bean grain as alternative crude protein for livestock feeds



		Conclusion and future research



		Author contributions



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Sustainable Food Systems

Introduction to food, feed, and
health wealth in African yam
bean, a locked-in African
indigenous tuberous legume





OPS/images/fsufs-06-726458-g001.gif





OPS/images/fsufs-06-726458-t001.jpg
General information Sources

i, Introduction of African yam bean as an underutilized tropical African legume.  Five books and one

ii. Nutritional constituent in the seed and tuber. journal article

iii. Cultivation, distribution and production of the crop.

Food science and nutrition

i. Comparative study of proximate, mineral, amino acid, physico-functional Two books and 20

characteristics of starches in seeds of African yam bean with some other grain journal articles

legumes.

ii. Identification and evaluation of probable toxic effect in the seed extract,
antinutritional factors, nutritive value of sprouted seeds, chemical and sensory
properties of its vegetable milks.

iii. Processing methods including: presoaking, presoaking with salt, roasting,

soaking and heating, fermentation with Rhizopus

microsporus var.oligosporus to improved physico-chemical properties of the
cooked bean, cooking time, protein digestibility, reduction in antinutritional
factors and flatus producing oligosaccharides in African yam bean seed.

iv. Increase consumption of African yam bean was encouraged for: very high
Nitrogen free extract polysacharides, amylose, increased all growth indices,
food conversion efficiency, protein efficiency, digestibility, biological values,
net protein utilization and retention efficiency in rat.

v. The African yam bean whole seed and hullis rich in protein, K and Ca, low in
crude fat, cellulose, fatty acid composition, non-cellulose, lignin and phytate.

Botany, ethnobotany and pharmacological studies

i. Basic botany and floral description of Sphenostylis and Sphenostylis stenocarpa,  Two online documents

synonyms and some health-related folklores about of the crop in Africa asat 2009, one book and
ii. Linguistics evidences to ascertain African yam bean origin two journal articles
Pre-breeding studies including intra-specific diversity, metabolomics and seed protein sciences

i. Species characterization based on: morphology, isozymes, chloroplast DNA Eight journal articles

ii. Phylogenetic and systematics studies of Sphenostylis and Nesphostylis

i. Investigation of seed coat hardness through water imbibition rate in seeds of
African yam bean
iv. Isolation lectin extracts and seed protein from African yam bean seeds
V. Review of African yam bean resources in Ghana
vi. Floral development and seed yield variability studies in landraces
Agronomy: utility as fodder, nodulation capacity, fungicide and fertilizer test, grain yield evaluation, etc.
i. African yam bean is suitable for fodder, food legume and cover crop One book and nine
ii. African yam bean naturally harbor seed borne fung, e.g. Fusarium and journal articles
Aspergillus spp.; pre-planting seed treatment with fungicides significantly
improved germination percentage, seedling emergence, overall seed and tuber
yield.
iii. Staking, sowing date and plant density in significantly affects grain yield of
African yam bean
iv. African yam bean nodulates profusely with some bacteria species
v. Fertilizer response trial on African yam bean and recommendation dosage of

NPK for grain production

References

Okigbo, 1973; Rachie and Roberts, 1974; National
Research Council, 1979; Dukes, 1981, 1992; Anochili,
1984; Kay, 1987

Evans and Boulter, 1974; Thekoronye and Ngoddy,
1985; Azuzu and Undie, 1986; Nwokolo, 1987, 1996;
Abbey and Berezi, 1988; Njoku et al., 1989, 1991; Edem
etal., 1990; Ene-Obong and Carnoville, 19923
Ene-Obong and Okoye, 1992; Obizoba and Nnam,
1992; Oshodi et al., 1995; Agunbiade and Longe, 1996,
1998, 1999a,b; Apata and Ologhobo, 1997; Nnam, 1997;
Nuwinuka et al, 1997; Agunbiade, 1998; Oboh et al.,
1998; Adeyeye et al., 1999

Allen and Allen, 1981; Azuzu, 1986; Terrell et al., 1986;
Potter, 1992; Potter and Doyle, 1992; Rehm, 1994

Ene-Obong and Okoye, 1992, 1993; Okoye and
Ene-Obong, 1992; Potter and Doyle, 1992, 1994; Togun
and Olatunde, 1997; Omitogun et al., 1999; Amoatey
etal, 2000; Machuka and Okeola, 2000

Asare et al., 1984; Nwachukwu and Umechuruba, 19915
Umechuruba and Nwachukwu, 1994; Okpara and
Omaliko, 1995, 1997; Assefa and Kleiner, 1997;
Obiagwu, 1997; Togun and Olatunde, 1998; Schippers,
2000









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Sustainable Food Systems





