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Introduction: Bambara groundnut (BGN) is an underutilised, indigenous crop in sub-Saharan Africa. As an underutilised crop the nutritional contribution it can make is not well researched and documented. This study aims to better understand the nutritional profile and protein quality of BGN and the potential of this legume to combat food and nutritional security in rural and malnourished communities.

Methods: Nutritional analysis, including proximate analysis, minerals, total fat and amino acid profile of BGN from three different regions in the Mpumalanga (MP) province of South Africa (SA), were determined. The protein quality was evaluated with various methods including CSEAA, IEAA, PDCAAS and DIAAS and compared with other pulses and legumes in the diet.

Results: BGN consists of - 18,9% carbohydrates, 9,4% protein and 3% fat as consumed. The protein quality is lower than some other commonly consumed pulses but can still be valuable as a complementary protein in the current traditional diet of the region.

Discussion: There is the potential that BGN, together with other commonly consumed plant-based foods (e.g. maize) form a complete protein, that can contribute to protein intake and alleviate the burden of protein-energy malnutrition, specifically in developing countries.
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Highlights

- Carbohydrates and protein are the most abundant nutrients in BGN.

- The protein quantity of BGN does not predict protein quality.

- DIAAS score for BGN is lower than other legumes such as soybeans but higher than chickpeas.

- BGN is a potential complementary food that contributes to improving the protein quality of typical SSA dishes.

- BGN can contribute to dietary diversity as a plant-based protein source.



1. Introduction

Food and nutrition security face several challenges, including climate change, the repercussions of the COVID-19 pandemic, the war in Ukraine, and the large-scale production of cash crops such as maize and wheat (Cloete and Idsardi, 2013; Mayes et al., 2019; Tan et al., 2020; FAO et al., 2022). In 2021, one in five people (20.2%) in Africa suffered from hunger and 29.3% of people globally faced moderate to severe food insecurity (FAO et al., 2022). Extreme droughts in Sub-Saharan Africa (SSA) in recent years have severely impacted the agricultural sector and further compromised food and nutrition security in the region. Climate change projections indicate a future of low and erratic rainfall with an increased frequency of drought occurrences in SSA (Mabhaudhi et al., 2018). Given the climate and sustainability challenges, Chivenge et al. (2015) emphasized the need for alternative approaches to ensure food and nutrition security. Researchers have suggested promoting indigenous, drought-resistant, and climate-smart crops as a solution (Massawe et al., 2015; Soumare et al., 2021).

Affording a healthy and balanced diet in the current economic climate has become increasingly difficult (FAO et al., 2022). Animal protein sources have seen a significant price increase, putting them out of reach of many consumers (Moore and Moseley, 2022). Poorer consumers, especially in low-and middle-income countries (LMICs) rely mainly on a cereal-based diet to fulfill their energy needs resulting in an inadequate intake of macro- and micronutrients. Cereal-based foods should be 15% of the diet and yet in many SSA, it comprises over 50% of the diet (Makumba et al., 2016; FAO et al., 2022). The consumption of energy-dense, nutrient-poor cereal-based diets has further contributed to the serious problem of protein-energy-malnutrition (PEM) in SSA along with the increasing rate of NCDs leading to a double-burden of disease (Labadarios et al., 2011; Makumba et al., 2016).

The most recent publication of “The State of Food Security and Nutrition in the World” by the FAO, IFAD, UNICEF, WFP and WHO (2022) calls for a transformed (agri) food system driven by policies that increase the availability of healthy and nutritious foods that are more affordable, sustainable and inclusive. The need for alternative, more affordable protein sources in the diet has become urgent as consumers transition to more climate-positive, plant-based dietary patterns that include plant-based protein sources (van den Berg et al., 2022). Policymakers, producers, and consumers must support this growing demand for good quality, affordable, plant-based protein foods to drive the necessary changes in the current food system (FAO et al., 2022).

Studies on plant-based protein sources from indigenous and traditional crops are necessary to promote climate-resilient indigenous foods that can contribute to dietary diversity, focusing on reintegrating indigenous and traditional foods into the diet (Cloete and Idsardi, 2013). Indigenous and traditional crops are specific to a region and subsequently form part of the endemic plant culture growing readily, despite harsh climate conditions, with minimal intervention as they are adapted to the environment (Modi and Mabhaudhi, 2016; Pieterse et al., 2022). For centuries, more than 7,000 indigenous plant species have been used globally for food, medicine and multiple other uses (Modi and Mabhaudhi, 2016; Akinola et al., 2020). Traditional crops can contribute significantly to social, economic and environmental outcomes. These crops provide subsistence farmers with livelihoods and contribute valuable macronutrients and other essential nutrients (Majola et al., 2021).

A significant proportion of the diverse indigenous and traditional foods available in our environment have been neglected over time despite the development of modern and improved agricultural practices, thereby decreasing dietary diversity and possibly narrowing global food security (Akinola et al., 2020). The lack of information and research on the production methods, post-harvest handling and the role of underutilized indigenous foods in the diet must be addressed to better understand how these foods can contribute to the alleviation of food insecurity in SSA (Cloete and Idsardi, 2013). Therefore, policy support and research on these neglected crops are essential for achieving improved nutrition outcomes, as with the Sustainable Development Goal (SDG) 2 (Zero Hunger) and the United Nations Decade of Action on Nutrition 2016–2025 (United Nations, 2015).

The promotion of underutilized indigenous crops, such as BGN, can furthermore contribute to achieving other SDGs:

• SDG 10—Reduce Inequalities: BGN, like many other indigenous crops, is mainly grown by female subsistence farmers in poor rural areas. The promotion of BGN production can contribute toward more equitable access to nutritious foods resulting in healthier diets and improved food and nutrition security.

• SDG 12—Responsible Consumption Patterns and SDG 13—Climate Action: the transition to plant-based diets becoming more popular in the developed world, climate-resilient foods with low impact on the environment (United Nations, 2015).


1.1. Bambara Groundnut

Bambara Groundnut (BGN; vigna subterranean (L.) Verdc) is an indigenous and traditional African crop mostly grown by rural female subsistence farmers in SSA (Omoikhoje, 2008). It is an underutilized crop, meaning it is not traded extensively globally, it is produced at low levels and under-researched (Omoikhoje, 2008; Halimi et al., 2019). BGN has gained popularity because of its ability to grow well, even under extreme conditions such as drought and poor soil conditions. Its ability to “fix” nitrogen in the soil makes it ideal for intercropping, especially for smallholder farmers (Mayes et al., 2019). BGN is classified as a drought-tolerant crop as it contains three important mechanisms as described by researchers—avoidance (reduced water loss due to various mechanisms including a prolific route system), escape (short lifecycle or growing period) and tolerance (ability to grow, flower and display economic yield under suboptimal water supply), respectively (Farooq et al., 2009; Mabhaudhi et al., 2018). BGN has confirmed drought avoidance and escape and low water use—giving it all three mechanisms (Chai et al., 2016).

In rural communities where BGN is grown, it is accepted and consumed as part of a regular diet. As BGN is mainly grown by subsistence farmers in SSA across rural and fragmented farmlands, it is very challenging to obtain adequate production and productivity data (Majola et al., 2021). Freshly harvested and dried seeds are purchased from local markets and usually cooked before consumption. However, urban and westernized communities in SSA are generally not familiar with the product and its preparation which pose a challenge to its uptake in the commercial market.

It is primarily grown as a plant-based protein alternative to meat in rural cuisines rather than an oil-producing seed, as commonly seen with other legumes, like soybeans. BGN is consumed in Southern, Eastern and Western Africa and is utilized by various cultures, as shown in Figure 1. Approximately 0.15 million tons of BGN are produced annually in SSA, with the majority being produced by West African countries (Majola et al., 2021). In Southern Africa, it is consumed roasted, boiled or dried with maize porridge or added to cowpea grain for improved flavor (Tan et al., 2020; Majola et al., 2021). Western African countries incorporate it into other foods such as grilled flatbreads, flour, snacks, and biscuits.
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FIGURE 1
 Different uses of BGN in SSA (Adapted from Tan et al., 2020 and Majola et al., 2021).


The nutritional contribution, specifically the amino acid and fatty acid composition of cooked BGN in SSA, is poorly researched and documented. Therefore, little is known about the potential role it can play in contributing to the nutritional quality of the diet in rural communities as a drought-resistant traditional crop.

This study aimed to determine the nutrient content of BGN and examines the protein quality of BGN as an underutilized, traditional and drought-resistant indigenous crop in Africa.




2. Materials and methods


2.1. Selection of samples

All the BGN samples were planted in December 2018 by rural subsistence farmers and harvested in May 2019. A total of 12 fresh samples of approximately 500 g each were collected from 12 farms in three regions (Gomoro, Langeloop and Mbombela) in the Ehlanzeni District Municipality in the Mpumalanga province of South Africa (SA; Table 1; Figure 2). Officials and extension officers from the Department of Agriculture, Rural Development, and Land and Environmental Affairs helped to identify the farms. Samples were harvested mid-morning in autumn directly from the soil. Farmers were compensated for a 500 g sample with the equivalent amount of maize meal. The BGN was placed in labeled brown paper bags and transported to the University of Pretoria in cooler boxes. Samples were placed in sealed plastic bags and in the freezer until cooking and sample preparation could take place.



TABLE 1 List of regions and farms in Ehlanzeni District Municipality, Mpumalanga, from where BGN samples were collected.
[image: Table1]
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FIGURE 2
 Map of South Africa and districts in the Mpumalanga province (Adapted from Municiplaities Mpumalanga, 2023).




2.2. Processing of samples

The samples from the three regions were processed separately. The samples from each region were, thawed, combined, soaked in water for 120 min, and then thoroughly washed with tap water (two or three times) to remove all soil debris. Samples from different regions were kept separate. Each batch was cooked in tap water for 60 min at 100°C. After cooking, the samples were drained and cooled. Once cooled, the hull of each BGN was removed manually. The hull was not consumed and, therefore, not included in the analysis. The dehulled BGN samples from each region (Langeloop, Gomoro and Mbombela) were sorted into three colors—cream, mauve and brown (Figure 3). Two 100 g samples of each color from each region were weighed (n = 6 per region), packed, and frozen at −8°C until analysis. A total of n = 18 samples were analyzed.

[image: Figure 3]

FIGURE 3
 Different colors of dehulled BGN (cream, mauve, and brown) with scale in centimeters for reference.




2.3. Chemical analyses of selected nutrients


2.3.1. Proximate analyses

Proximate analyses of the samples (n = 18) were carried out by Aspirata laboratory (AssureCloud, Cape Town, SA) to determine the total moisture (Official method of analysis, AOAC 930.15, 2000), ash (AOCS International, 2009) and nitrogen content (Official method of analysis 968.06, AOAC, 2000). The conversion factor of 5.71 (conversion factor for soybeans) was used to calculate the protein content [Food and Agriculture Organization (FAO), 2003]. The energy content for each macronutrient was calculated by multiplying the g/100 value with the respective conversion factors given in the list below (Greenfield and Southgate, 2003).

• Protein = 17

• Fat = 37

• Carbohydrates = 17

• Total dietary fiber = 8



2.3.2. Amino acid profile

The Agricultural Research Council’s analytical laboratory determined the amino acid profile in Pretoria, SA. Three separate analyses used high-performance liquid chromatography (HPLC) with fluorescence detection for amino acid determination. All three analyses were completed by hydrolysis.

The first hydrolysis analyzed arginine, serine, aspartic acid, glutamic acid, glycine, threonine, alanine, tyrosine, proline, hydroxyproline, methionine, valine, phenylalanine, isoleucine, leucine, histidine, and lysine, excluding cysteine and tryptophan. The freeze-dried BGN sample was hydrolyzed with 6-N-hydrochloric acid at 110°C for 24 h in a vacuum. An internal standard was added to the hydrolysate and filtered. Nitrogen flow was then used to dry a portion of the hydrolysate. The derivatization of the hydrolysate was done with 9-fluorenylmethyl chloroformate (FMOC-Cl). The amino acid content was determined with HPLC with an eluent of a tertiary gradient of pH, methanol and acetonitrile (Einarsson et al., 1983). The second hydrolysis determined cysteine and was the same as the first except for the cysteine oxidation to cystic acid before hydrolysis using a peroxide formic acid solution (Gehrke et al., 1985). The third hydrolysis determined the tryptophan content and involved enzymatic hydrolysis using protease. The hydrolysis was filtered and tryptophan content was determined by HPLC equipped with an AMinoTAg column and fluorescence detection (DeVries et al., 1980).



2.3.3. Total fat and fatty acid profile

The total fat, saturated fat, polyunsaturated fat and monounsaturated fat content were determined for each sample (n = 18) at the Aspirata laboratory (AssureCloud, Cape Town, SA). Fat was determined by hydrolyzing the sample with concentrated hydrochloric acid in a boiling water bath for 3 h. Thereafter, the fat was extracted using petroleum ether and gravimetrically quantified. For the determination of the fatty acids, fat fractions were trans-methylated with methanol-potassium hydroxide. The fatty acid methyl esters were extracted with n-hexane and analyzed using gas chromatography with flame ionization detection (GC-FID) according to the official method of analysis AOAC 996.06 (2000).



2.3.4. Carbohydrates and total dietary fiber

Available carbohydrates were determined for each sample (n = 18) by Aspirata laboratory (AssureCloud, Cape Town, SA) using the Megazyme Available Carbohydrates and Dietary Fiber Assay Procedure from Kit K-ACHDF, 11/08 (Megazyme, 2018). The total dietary fiber reported was determined by the Aspirata laboratory (AssureCloud, Cape Town, SA) using an enzymatic-gravimetric method [AOAC 985.29 (2000)] method.



2.3.5. Minerals

Iron and zinc were analyzed for each sample (n = 18) by the Aspirata laboratory (AssureCloud) according to the AOAC Official Method AOAC 999.10 (2012). Samples were digested with 3 M nitric acid and 30% (w/w) hydrogen peroxide in a closed vessel heated by microwaves. Iron and zinc were quantified by inductively coupled plasma optical emission spectroscopy (ICP-OES) using an acidified calibration range.




2.4. Evaluation of protein quality

The assessment of protein quality did not involve regional or color differentiation; instead, the mean amino acid values were employed by aggregating data from all regions for the calculations and multiple protein quality assessment methods were utilized. These methods included the Chemical Score of the Essential Amino Acids (CSEAA) or CS (Mitchell and Block, 1946; Eq. 1), the Essential Amino Acid Index (IEAA; Oser, 1959; Rolinec et al., 2017; Huang et al., 2018; Abdualrahman et al., 2019; Eq. 2), Protein Digestibility-Corrected Amino Acid Score [PDCAAS; Food and Agriculture Organization (FAO), 2013; Eq. 3], and Digestible Indispensable Amino Acid Score [DIAAS; Food and Agriculture Organization (FAO), 2013, 2014; Eq 4].

The CSEAA/CS was calculated in relation to the amino acid pattern of the reference requirements outlined.
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The Essential Amino Acid Index (EAAI) evaluates the presence of indispensable amino acids. In Equation 2 (Eq. 2), the variables a, b, c, …, j represent the content of histidine, isoleucine, leucine, lysine, methionine, phenylalanine, tyrosine, threonine, and valine in the sample. The variables ap, bp, cp, …, jp denote the content of histidine, isoleucine, leucine, lysine, methionine, phenylalanine, tyrosine, threonine, and valine in the reference protein according to the guidelines. The value of n corresponds to the total number of amino acids, accounting for pairs such as methionine and cysteine, which are treated as a single entity in the calculation.
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The PDCAAS was calculated by dividing the amount of the limiting essential amino acid in the test protein by the amount of the same essential amino acid in a reference protein and then multiplying it by the digestibility coefficient (Eq. 3). The limiting essential amino acid is the amino acid present in the lowest quantity relative to the reference protein. PDCAAS values exceeding 1 were adjusted or truncated to 1 [Food and Agriculture Organization (FAO), 2013].

[image: image]

DIAAS evaluates protein quality based on the digestibility (bioavailability) of individual dietary indispensable amino acids. The measurement of amino acid digestibility is preferably conducted in humans, but if not feasible, it can be done in pigs or rats [Food and Agriculture Organization (FAO), 2013; Rutherfurd et al., 2015]. DIAAS was calculated by dividing the standardized ileal digestible amino acid content of the test protein by the standardized ileal digestible amino acid content of the reference protein, multiplied by 100 (Eq. 4). In the absence of a specific ileal digestibility value for BGN, the value reported for chickpeas, 84, reported by Han et al. (2020) was used instead. DIAAS values were not truncated.
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2.5. Statistical analysis

The nutrient values from each region were consolidated (n = 6 per region), and a mean value was calculated and reported. Additionally, an overall mean for all the regions combined (n = 18) was determined and included in the analysis. Statistical analysis was conducted using GenStat for Windows (2008) software (Payne et al., 2009). The significance of all variables measured for each sample was tested using a one-way analysis of variance (ANOVA). The locality effect was tested with a Fisher’s protected t-test least significant difference at the 5% level of significance.




3. Results and discussion


3.1. Nutrient composition

The nutrient composition of Bambara groundnut (BGN) was analyzed and compared in this study. The moisture content of the cooked edible portion ranged from 55.6 to 56.7%, with an average of 56.1% (Table 2). These values were similar to those reported in the West African Food Composition Tables [54.7%; Food and Agriculture Organization (FAO), 2019]. Factors such as long storage, thawing, cooking, and refreezing may have influenced the moisture content in the current study, along with differences in soil and climate conditions compared to the West African region.



TABLE 2 Summary of the nutrient composition of cooked Bambara Groundnut [per 100 g edible portion (EP)] from three different regions in South Africa.
[image: Table2]

Carbohydrates and protein were found to be the most abundant macronutrients in BGN. The carbohydrate content ranged from 17.5 to 20.4 g per 100 g of edible portion (EP), which did not significantly differ between regions (Table 2). It was slightly lower than a study by Tan et al. (2020) (30 g/100 g EP) and similar to the values reported in the West African Food Composition Tables [16.0 g/100 g EP; Food and Agriculture Organization (FAO), 2019]. The dietary fiber content averaged at 11.4 g/100 g EP and did not differ significantly between regions (Table 2). However, it was lower than the values reported in the West African Food Composition Tables for BGN and higher than the values for soybeans (4.8 g/100 g EP) and chickpeas (6.6 g/100 g EP) in South Africa (SAFOODS, 2017). The dietary fiber content can be influenced by factors such as maturity stage and processing methods (Tan et al., 2020).

The mean fat content of BGN was 2.97 g/100 g EP, similar to the values reported in the West African Food Composition Tables [2.70 g/100 g EP; Table 2; Food and Agriculture Organization (FAO), 2019]. The fat primarily consisted of unsaturated fatty acids (2.08 g/100 g EP). However, the total fat content showed significant differences between regions (Hlanga et al., 2021). These differences may be attributed to genotypical differences among landraces. Compared to other legumes like soybeans, BGN has a relatively low fat content and is not suitable for oil extraction (Halimi et al., 2019).

Iron content did not significantly differ between regions, and the mean value (0.827 mg/100 g EP) in this study was notably lower than the value reported in the West African Food Composition Tables [1.90 mg/100 g EP; Table 2; Food and Agriculture Organization (FAO), 2019]. Variations in iron content among different BGN landraces, influenced by water regimes, locations, seasons, and harvesting methods, may explain the differences between regions and the West African Food Composition Tables (Gqaleni, 2014). Zinc was not detected in the BGN samples, which may be attributed to the soaking and cooking process (Tan et al., 2020). However, the West African Food Composition Tables [1.08 mg/100 g EP; Food and Agriculture Organization (FAO), 2019] and other studies have reported BGN as a valuable source of zinc (Singh and Pratap, 2016; Halimi et al., 2019). It is important to note that these studies reported compositional values of raw BGN without considering the effects of storage, soaking, and cooking. Cooking processes can improve nutrient digestibility and bioavailability by breaking down antinutritional factors such as phytic acid and tannins (Oyeyinka et al., 2019).

The protein content of BGN was analyzed in the present study, yielding levels between 7.65 and 9.10 g per 100 g of EP (Table 2; Tan et al., 2020). Significant differences in protein content were observed among the three regions (Table 2). The mean protein value per 100 g of edible portion was determined to be 8.54 g (equivalent to 21.3 g per 100 g dry basis). A review by Nwadi et al. (2020) on available nutrient content data revealed a range of 9.6 to 40 g per 100 g dry basis for protein in BGN. Variations in protein content can be attributed to factors such as genetic background (landraces), growing conditions, and analytical techniques, including the specific nitrogen conversion factor employed (Friedman, 1996; Morris, 2006). It is worth noting that no formal classification of BGN species has been conducted in SA.

The essential amino acids (EAAs) necessary for human nutrition include phenylalanine, valine, tryptophan, threonine, isoleucine, methionine, histidine, leucine, and lysine, with arginine considered as a conditional EAA (Morris, 2006). In the present study, four amino acids (arginine, histidine, phenylalanine, threonine) among the nine EAAs displayed significant differences between the three regions (Table 3). Arginine, leucine, and lysine were found to be the most abundant EAAs, while sulfur-containing amino acids such as methionine and cysteine were present in relatively low concentrations. Methionine was identified as the limiting amino acid, consistent with the findings of Halimi et al. (2019). The United States Department of Agriculture [U.S Department of Agriculture, Agriculture Research Service (USDA), 2014] reported similar low concentrations of sulfur-containing amino acids in soybeans (0.224 g/100 g EP) and chickpeas (0.116 g/100 g EP) compared to BGN. Heat processing methods, such as boiling and roasting, can enhance the bioavailability of certain EAAs in BGN compared to their levels in raw seeds (Omoikhoje, 2008; Akande et al., 2009; Oyeyinka et al., 2019; van den Berg et al., 2022). However, prolonged boiling has been shown to reduce the availability of lysine in other legumes like soybeans, necessitating further investigation into heat processing methods for BGN (van den Berg et al., 2022).



TABLE 3 Amino acid content for Bambara Groundnut from three South African regions.
[image: Table3]



3.2. Protein quality

Protein quality refers to the ability of a protein to fulfill metabolic functions by providing specific amino acid patterns, and it is equally important as protein content (Millward et al., 2008). Accurate measurement of protein quality and digestibility of food products relies on evaluating amino acid concentrations (Huang et al., 2018). Amino acid analysis can offer insights into a food’s ability to meet an individual’s amino acid requirements (Caire-Juvera et al., 2013; Huang et al., 2018; van den Berg et al., 2022).

Various methods exist to assess the protein quality of food products, including the Essential Amino Acid Index (EAAI), Protein Digestibility-Corrected Amino Acid Score (PDCAAS), and Digestible Indispensable Amino Acid Score (DIAAS). The protein quality measurements for this study are summarized in Table 4. EAAI evaluates protein quality based on the contribution of all essential amino acids, as described by Oser (1959) and Rao et al. (1959). The calculated EAAI index for the three regions is 1.49, slightly lower than that of canned chickpeas (1.66; Halimi et al., 2019). According to Oser’s method, the protein quality of BGN can be considered good.



TABLE 4 Protein quality measures for BGN.
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PDCAAS is the most commonly used method for protein quality assessment due to its cost-effectiveness and efficiency (Schaafsma, 2012). This method was developed by the FAO Expert Consultation group on protein quality and human requirements [Food and Agriculture Organization (FAO)/World Health Organization (WHO), 1991]. The has limitations, such as truncating scores to 1.0, which may inaccurately estimate the importance of proteins in mixed diets (Huang et al., 2018). PDCAAS values exceeding 100% are truncated to 1.0 since the body cannot utilize more than what has been absorbed (Schaafsma, 2012). In the present study, the reported PDCAAS value for cooked BGN is 52% (Table 4), which is not truncated to 1.0. This value is lower than PDCAAS values reported for other commonly consumed pulses like chickpeas and soybeans, which range from 80% to 100%. The PDCAAS value for raw BGN was reported as 32% (Halimi et al., 2019). The increase in PDCAAS value after soaking and cooking suggests that heat treatment enhances the protein digestibility of BGN.

DIAAS is the current standard for assessing protein quality and was introduced in 2013 as the recommended method [Food and Agriculture Organization (FAO), 2013, 2014; van den Berg et al., 2022]. In the present study, the DIAAS value calculated for BGN is 69 (Table 4), indicating that BGN can meet just under three-quarters of an adult’s daily indispensable amino acid requirements. Similar to the PDCAAS value, the DIAAS value in the present study is lower than that reported for soybeans (DIAAS = 90/EP; Herreman et al., 2020) and (DIAAS = 86.4/EP; van den Berg et al., 2022) but higher than that of cooked chickpeas (DIAAS = 49/EP; Han et al., 2020). While the IEAA score suggests that BGN potentially contains high-quality protein, however, considering both the PDCAAS and DIAAS scores, the protein content of BGN can be considered lower quality compared to soybeans.

Table 4 presents the chemical score of essential amino acids, where the lowest score represents the first limiting amino acid. For BGN, methionine had a score below 1, indicating it as the first limiting amino acid. This finding is consistent with the results reported by Halimi et al. (2019) for BGN and similar to those reported for soybeans by van den Berg et al. (2022).

In SSA, the consumption of cereals forms the basis of local diets (Singh et al., 2007). The consumption of pulses in SSA is relatively low, at around 6% [Food and Agriculture Organization (FAO), 2008]. To improve dietary diversity and nutritional quality, an approach focusing on the inclusion of a variety of nutrient-rich foods is needed in SSA (Schönfeldt and Hall, 2012). As seen in Figure 1, BGN is primarily consumed with maize porridge in Southern Africa. Maize porridge, like many other grains consumed in large quantities in SSA, is rich in methionine but deficient in lysine (Boye et al., 2010; Makumba et al., 2016). The concept of combining different foods to enhance the amino acid profile is known as “complementation” (Tas et al., 2019). Due to its higher lysine concentration, BGN has the potential to complement maize porridge, resulting in a meal with improved protein quality. The recommended ratio of legume to maize for addressing lysine deficiency in maize is 70% cereal to 30% legume (Ejigui et al., 2007). The amino acid profile of maize meal in SSA is typically low in lysine and contains trace amounts of essential amino acids such as methionine and tryptophan [Food and Agriculture (FAO)/Government of Kenya, 2018], contradicting reports that maize porridge is high in methionine. Calculating the DIAAS score of maize meal porridge using this data reveals a score of zero due to the trace amounts of essential amino acids. However, combining maize meal porridge and BGN in a 70/30 ratio increases the DIAAS score from zero to 20.7%, thereby enhancing the protein quality and nutritional contribution of this common dish in SSA. The inclusion of BGN in the local diet can improve dietary diversity and nutrient quality.

Considering the adverse impact of climate change on agriculture and the high cost of animal protein sources, incorporating indigenous products like BGN along with local products such as maize meal porridge can promote dietary diversity and contribute to achieving SDG 2—Zero Hunger—by 2030. BGN can be considered an affordable plant-based protein source that has a positive climate impact in SSA. It is important to carefully consider the preparation and cooking methods of BGN, as these can affect the nutrient density and bioavailability of nutrients, particularly protein quality, as observed with soybeans (van den Berg et al., 2022).




4. Conclusion

In conclusion, the cooked BGN has an average carbohydrate content of 18.9 g per 100 g edible portion, while the fat content was 3 g per 100 g edible portion, predominantly consisting of unsaturated fatty acids. The iron content was 0.827 mg per 100 g edible portion, and zinc was not detected. The protein content of cooked BGN, calculated using a nitrogen conversion factor of 5.71, was 9.35 g per 100 g. However, when considering protein quality using the PDCAAS method, the value was below 1. Comparatively, the DIAAS value for BGN was lower than that of soybeans but similar to chickpeas. BGN exhibited a high lysine content but a low methionine content, aligning with the characteristics of other pulses.

BGN represents a climate-positive crop that has the potential to contribute to a more nutrient-dense diet in the face of the ongoing climate and cost-of-living challenges. The utilization of BGN as a complementary protein source with low-protein staples such as maize holds great potential for enhancing the protein quality of the diet.



5. Recommendations

Research on the classification of BGN species in South Africa is fragmented. Therefore research on the formal classification of BGN species can lead to targeted breeding, potentially optimizing the amino acid composition, to optimize BGN as a potential complimentary food for lysine-poor cereals. More research on seeds’ different species and origins is required for targeted breeding, which can improve the amino acid composition.
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