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Structural Characterization and Antihypertensive Potential of Bioactive Peptides from Fermented African Yam Bean (Sphenostylis stenocarpa)


ABSTRACT
Hypertension represents a critical global health challenge, necessitating the development of safer, natural alternatives to synthetic inhibitors, which are often associated with adverse side effects. African yam bean (Sphenostylis stenocarpa) is an underutilized, high-protein legume (20%-29% crude protein) that serves as a sustainable reservoir for antihypertensive peptides.This review synthesizes current advancements in the production, structural characterization, and mechanistic evaluation of these bioactive sequences. Traditional solid-state fermentation, primarily driven by proteolytic Bacillus species and lactic acid bacteria, effectively releases these peptides while significantly reducing antinutritional factors such as phytic acid and trypsin inhibitors. High-resolution analytical frameworks, including Reversed-Phase HPLC, MALDI-TOF MS, and tandem mass spectrometry (MS/MS), have identified that the most potent inhibitors are typically short sequences ( < 3 kDa) characterized by hydrophobic or aromatic residues at the C-terminus. While specific amino acid sequences for African yam bean require further definitive identification, existing research has characterized highly active fractions that demonstrate dual ACE and renin inhibitory properties alongside significant antioxidant capacity. Furthermore, the presence of proline-rich motifs and hydrophobic residues within these peptides contributes to enhanced resistance against gastrointestinal proteolysis, although achieving optimal oral bioavailability remains a primary challenge for therapeutic translation. The integration of these bioactive peptides into functional food systems offers a culturally appropriate strategy for hypertension management in sub-Saharan Africa, provided future research utilizes high-resolution peptidomic profiling and standardized in vitro models to confirm their systemic efficacy 
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1. INTRODUCTION
Hypertension is a critical global health concern, serving as a primary risk factor for the development of stroke, myocardial infarction, and renal failure (Barbana & Boye, 2010; Lubbe et al., 2020). The regulation of systemic blood pressure is largely mediated by the Renin-Angiotensin System, where the Angiotensin-I Converting Enzyme acts as a central catalyst (Manoharan et al., 2017). ACE increases blood pressure by converting the inactive decapeptide angiotensin I into the potent vasoconstrictor octapeptide angiotensin II, while simultaneously degrading the vasodilator bradykinin (Majumder & Wu, 2014; Manoharan et al., 2017). African legumes, such as the African yam bean (Sphenostylis stenocarpa), are recognized as sustainable, high-protein crops with a crude protein content ranging from 20% to 29% (George et al., 2020; Moyo et al., 2024).

While synthetic ACE inhibitors like lisinopril and captopril are widely prescribed, their long-term use is associated with adverse side effects, including persistent dry cough, angioedema, dizziness, and potential fetal abnormalities (Karami & Akbari-adergani, 2018; Nuchprapha et al., 2020). Furthermore, indigenous African legumes remain significantly underutilized and under-researched despite their nutritional density and resilience to tropical climates (Elisha et al., 2024; George et al., 2020). There is a critical need to explore natural, food-derived alternatives that can manage hypertension effectively with minimal side effects. This work proposes the utilization of traditional fermentation and targeted enzymatic hydrolysis as cost-effective strategies to release bioactive "encrypted" peptides from the protein matrix of African yam bean (Adebo et al., 2022; Moyo et al., 2024; Tee et al., 2023) Fermentation, driven by proteolytic Bacillus and lactic acid bacteria, serves as a natural bioprocessing tool that not only generates antihypertensive sequences but also significantly reduces antinutritional factors such as phytic acid and trypsin inhibitors (Adebo et al., 2022).

Extensive research has identified a variety of plant-derived peptides with potent ACE-inhibitory activity, often with IC50 values in the low micromolar range (Chen et al., 2025; Daşkaya-Dikmen et al., 2017; Ramlal et al., 2022). Structure-activity relationship studies indicate that the most potent inhibitors are typically short sequences (2–10 amino acids) characterized by hydrophobic or aromatic residues at the C-terminus and a net positive charge at the N-termin (Auwal et al., 2019; Chen et al., 2025). Advanced analytical techniques, particularly Reversed-Phase HPLC and tandem mass spectrometry (MS/MS), are currently the gold standards for purifying and sequencing these bioactive motifs (Chen et al., 2025). While many studies have focused on soy or pea proteins, research specifically characterizing the unique peptide profile of the African yam bean remains limited (Ajibola et al., 2012; Moyo et al., 2024).

The scope of this review encompasses the production, isolation, and structural characterization of antihypertensive peptides derived specifically from the African yam bean and related legumes. Justification for this focus lies in the crop's cultural relevance across West and East  Africa and its unique amino acid profile, which is enriched in leucine, lysine, and arginine residues frequently associated with high ACE-binding affinity (Chay et al., 2025). By elucidating the SAR and gastrointestinal stability of these peptides, this work aims to provide a scientific foundation for the development of their production as food condiments and functional foods to combat cardiovascular disease in sub-Saharan Africa (Elisha et al., 2024).
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FIGURE 1: Underutilized African legumes. (A) Spontaneously alkaline fermented African locust bean, (B) Unfermented African locust bean, (C) African oil bean seeds, (D) Bambara groundnut, (E) Marama bean, and (F) African yambean plant, seeds, and tubers


2. PRODUCTION AND STRUCTURAL CHARACTERIZATION OF ANTIHYPERTENSIVE  PEPTIDES FROM FERMENTED AFRICAN LEGUMES
2.1 Traditional Fermentation of African Yam Bean: An Overview
Traditional fermentation of African yam bean is an indigenous biotransformation process practiced across West and Central Africa to improve protein digestibility, reduce cooking time, and eliminate antinutritional factors (Ertop & Bektaş, 2018; Moyo et al., 2024). This spontaneous, solid-state process typically involves soaking and boiling seeds followed by incubation in leaf-covered containers at ambient tropical temperatures for 24 to 96 hours (Adebo et al., 2022).

The microbial ecology is characterized by a dynamic succession where lactic acid bacteria (e.g., Lactobacillus plantarum) initially acidify the substrate (Tee et al., 2023). This is followed by the dominance of proteolytic Bacillus species, such as B. subtilis, which secrete extracellular proteases that hydrolyze storage proteins into bioactive peptides and free amino acids (Luís & Toit, 2019; Tee et al., 2023). Yeasts and filamentous fungi also contribute to the fermentation milieu, aiding in flavor development and enzymatic hydrolysis (Adebo et al., 2022; Chourasia et al., 2022).

Biochemically, the process leads to a substantial increase in soluble nitrogen and free amino acids-often by 200-400%, alongside a characteristic biphasic pH shift from acidification to alkalinization (Adebo et al., 2022; Moyo et al., 2024). Concurrently, antinutritional factors like trypsin inhibitors and phytic acid are significantly reduced, often by up to 85% and 70% respectively, which enhances mineral bioavailability and protein quality (Adebo et al., 2022; Ertop & Bektaş, 2018). While this method is a cost-effective strategy for producing complex peptide mixtures with synergistic bioactivities, challenges remain regarding batch-to-batch variability and potential microbial contamination (Adebo et al., 2022; Chourasia et al., 2022).
2.2 Production Strategies for Antihypertensive Peptides
The production of antihypertensive peptides from African yam bean proteins can be achieved through various strategies, each with distinct advantages, limitations, and suitability for different applications. These strategies can be broadly categorized into enzymatic hydrolysis, fermentation-based production, combined approaches, and emerging novel techniques.
Enzymatic hydrolysis represents the most widely investigated and controllable method for bioactive peptide production from legume proteins (Chourasia et al., 2022). This approach involves the selective cleavage of peptide bonds in African yam bean proteins using commercial proteolytic enzymes under controlled conditions of pH, temperature, enzyme-to-substrate ratio, and hydrolysis time. The process typically begins with protein extraction from African yam bean seeds using alkaline extraction, followed by isoelectric precipitation to obtain protein isolates or concentrates with protein content exceeding 70-90% on a dry weight basis (Elisha et al., 2024).
Commonly employed proteases include: alcalase (a serine endopeptidase from Bacillus licheniformis), which exhibits broad substrate specificity and preferentially cleaves peptide bonds adjacent to hydrophobic amino acids; Flavourzyme (a fungal protease-peptidase complex from Aspergillus oryzae), which possesses both endopeptidase and exopeptidase activities; pepsin, which preferentially cleaves bonds adjacent to hydrophobic amino acids under acidic conditions, mimicking gastric digestion; trypsin, which specifically cleaves peptide bonds at the carboxyl side of arginine and lysine residues (Elisha et al., 2024); and papain, which exhibits broad specificity and functions optimally at pH 6.0-7.0 (Chourasia et al., 2022).
Alcalase hydrolysis typically generates peptides with strong ACE inhibitory activity due to its preference for hydrophobic residues. Studies on other legumes have shown that alcalase hydrolysates often exhibit IC50 values in the range of 0.05-0.5 mg/mL for ACE inhibition (Chourasia et al., 2022). Optimization of parameters such as degree of hydrolysis (DH), pH, temperature, and enzyme-to-substrate ratio is critical for maximizing antihypertensive peptide yield. For ACE inhibitory peptide production, moderate DH values often correlate with optimal bioactivity, as excessive hydrolysis may generate very short peptides or free amino acids with reduced ACE inhibitory potency (Chourasia et al., 2022).

Fermentation-based production leverages the proteolytic capacity of food-grade microorganisms to release bioactive peptides from African yam bean proteins. Controlled fermentation using defined starter cultures offers improved reproducibility and targeted peptide generation (Moyo et al., 2024). Commonly employed microorganisms include Bacillus subtilis strains selected for high proteolytic activity, lactic acid bacteria such as Lactobacillus plantarum, L. helveticus, and L. casei, and fungal cultures including Rhizopus oligosporus and Aspergillus oryzae (Chourasia et al., 2022).
Solid-state fermentation, which closely resembles traditional African yam bean fermentation (Luís & Toit, 2019), offers advantages including lower water requirements, reduced contamination risk, ease of downstream processing, and production of peptides in a food matrix suitable for direct consumption or minimal processing into functional ingredients.
Combined fermentation and enzymatic approaches represent a hybrid strategy that harnesses the advantages of both methods (Chourasia et al., 2022). In this approach, African yam bean seeds are first subjected to controlled fermentation using selected starter cultures to partially hydrolyze proteins, reduce antinutritional factors such as phytic acid by up to 55.71% (Ertop & Bektaş, 2018), and generate a complex peptide mixture (Tee et al., 2023). The fermented product is then subjected to targeted enzymatic hydrolysis to further optimize peptide profiles and enhance ACE inhibitory activity.
Emerging novel production techniques include ultrasound-assisted extraction and hydrolysis, which uses high-frequency sound waves to generate cavitation effects that disrupt cellular structures and accelerate protein hydrolysis; high-pressure processing, which denatures proteins to expose cleavage sites and heightens susceptibility to enzymatic attack; pulsed electric field treatment, which induces electroporation in cell membranes to facilitate efficient protein release; and subcritical water hydrolysis, where water under elevated temperatures (180-374°C) and pressures acts as both solvent and catalyst to achieve rapid protein breakdown without enzymes or acids (Chourasia et al., 2022; Elisha et al., 2024).
2.3 Isolation and Purification Techniques
The purification process begins with initial clarification through centrifugation or microfiltration to remove particulates, followed by sequential ultrafiltration using semi-permeable membranes with specific molecular weight cut-offs (e.g., 10 kDa and 3 kDa) (Chen et al., 2025; Elisha et al., 2024). Fractionation typically targets peptides under 3 kDa, as low-molecular-weight sequences (2-10 amino acids) are primary contributors to antihypertensive effects (Chen et al., 2025; Saetang et al., 2025).
Further high-resolution separation is achieved through diverse chromatographic methods. Ion Exchange Chromatography separates peptides based on net charge, distinguishing basic peptides (rich in Arg and Lys) from acidic ones (containing Glu and Asp) (Jakubczyk et al., 2020; Sun et al., 2024). Size Exclusion Chromatography (gel filtration) separates molecules based on size using porous beads (Aderinola & Duodu, 2022; Sun et al., 2024). Reversed-Phase HPLC is the most critical technique, separating peptides according to hydrophobicity using C18 columns and organic solvent gradients such as acetonitrile (Ajibola et al., 2012; Chen et al., 2025). Affinity Chromatography employs specific molecular recognition, such as using immobilized ACE to capture peptides with high binding affinity for the target enzyme (Kheeree et al., 2020).
2.4 Identification and Characterization Methods
Comprehensive structural analysis relies heavily on mass spectrometry and spectroscopic tools to elucidate peptide primary and secondary structures (Patel & Patel, 2024). MALDI-TOF MS is used for rapid mass determination and peptide mass fingerprinting (Amini et al., 2021; Auwal et al., 2019). Tandem Mass Spectrometry (MS/MS) provides sequence data by analyzing fragment ions (specifically b-ions and y-ions) generated through collision-induced dissociation (Neagu et al., 2022).
Sequencing strategies include classical Edman degradation for N-terminal analysis and de novo sequencing, which is essential for underutilized crops like African yam bean where genomic databases may be incomplete (Ozdanovac et al., 2024; Vitorino et al., 2020). Automated bioinformatic tools such as MASCOT or SEQUEST match MS/MS spectra against existing protein databases, though limitations exist due to the current lack of comprehensive species-specific data for African yam bean (Larrainzar & Wienkoop, 2017; Permiakova, 2021). NMR spectroscopy, including 2D techniques like COSY and NOESY, provides insights into three-dimensional structures and secondary elements that govern enzyme-binding mechanisms (Jeyaraj et al., 2025).
2.5 Peptide Profiling from African Yam Bean and Related Legumes
While comprehensive peptide profiling of fermented African yam bean (Sphenostylis stenocarpa) remains limited in the scientific literature, extrapolation from related African and tropical legumes provides valuable insights into probable peptide compositions and bioactivities. Furthermore, the few available studies on African yam bean protein hydrolysis and fermentation offer preliminary data that can guide future research directions.

African yam bean seeds contain approximately 20-29% crude protein, with the major storage proteins belonging to the globulin and albumin fractions. Globulins, which constitute 60-70% of total seed protein (George et al., 2020), are primarily composed of legumin (11S) and vicilin (7S) types, similar to other legumes. These proteins are characterized by high contents of glutamic acid, aspartic acid, arginine, lysine, leucine, and phenylalanine, with relatively lower proportions of methionine and cysteine, typical of most legume seed proteins (George et al., 2020). The amino acid composition of parent proteins influences the types of peptides generated during fermentation or enzymatic hydrolysis and consequently affects their bioactivities (Moyo et al., 2024).

Studies on the enzymatic hydrolysis of African yam bean protein isolates using alcalase, pepsin, trypsin, and flavourzyme have demonstrated the release of peptides with varying degrees of ACE inhibitory activity (Ajibola et al., 2012). While specific peptide sequences have not been extensively characterized, molecular weight distribution analyses suggest that the most potent ACE inhibitory fractions contain peptides predominantly in the 500-3000 Da range, corresponding to approximately 5-25 amino acid residues (Moyo et al., 2024). Fractions with molecular weights <1000 Da typically exhibit IC50 values ranging from 0.08 to 0.35 mg/mL, comparable to or slightly lower than those reported for other legume-derived ACE inhibitory peptides (Kiersnowska et al., 2022).

Comparison with peptides identified from related legumes provides a framework for predicting African yam bean peptide profiles. From cowpea (Vigna unguiculata), a closely related African legume, several ACE inhibitory peptides have been identified including YPFGPI (IC50 ~45 μM), LPYP (IC50~125 μM) (Awika & Duodu, 2016), and YAEAAA, exhibiting the structural characteristics of effective ACE inhibitors: short chain length (4-6 residues), presence of hydrophobic amino acids (Y, P, F, L, A) particularly at the C-terminus, and aromatic residues (Y, F) which may facilitate binding to ACE active site pockets (Auwal et al., 2019). From African locust bean (Parkia biglobosa), fermentation-derived peptides including IPPGVPYWT, LPYPR, and KLPGF have shown potent ACE inhibitory activities with IC50 values in the range of 15-80 μM (Komolafe et al., 2017).

Extensive research into bioactive peptides from common legumes has identified a range of representative ACE inhibitory sequences with varying potencies. From soybean (Glycine max), notable sequences include YLAGNQ (IC50 = 14 μM), WL (65 μM), and LAIPVNKP (70 μM) (Ramlal et al., 2022; Rizzello et al., 2016). More recent peptidomic analyses have also identified the novel soybean peptide WGPRL, which exhibits high ACE inhibitory activity and modulates vascular cell migration (Zhang et al., 2024). In chickpea (Cicer arietinum), identified sequences such as VF, LPYPR, IAEY, and YVVFK have been reported with IC50 values ranging from approximately 9 to 83 μM (Arámburo-Gálvez et al., 2022; Barbana & Boye, 2010; Hernandez-Ledesma & Hsieh, 2013). For common bean (Phaseolus vulgaris), bioactive dipeptides and tripeptides like VY, VG, and EL are frequently released following gastrointestinal digestion, along with specific sequences such as SDGGGPTYGY (Maqsoudlou et al., 2018; Martini et al., 2021; Tagliazucchi et al., 2015). Mung bean (Vigna radiata) protein hydrolysates are particularly rich in potent inhibitors, including LRLESF (IC50= 5.4 μM, KLPAGTLF (13.4 μM), and KDYRL (26.5 μM) (Rizzello et al., 2016; Sonklin et al., 2019; Zhu et al., 2018). Finally, pea (Pisum sativum) protein digests yield highly active dipeptides such as IR, KF, and EF, as well as the in vivo effective sequences LTFPG and IFENLQN, which have demonstrated peak blood pressure reductions of up to 37 mmHg in hypertensive rat models (Kiersnowska et al., 2022; Rizzello et al., 2016). Analysis of these peptides reveals common structural motifs: tripeptide or tetrapeptide sequences with hydrophobic residues at C-terminus; presence of proline, which confers resistance to digestive enzymes and conformational rigidity; tyrosine and phenylalanine residues, which may engage in aromatic-aromatic interactions with ACE active site residues; branched-chain amino acids (Val, Leu, Ile) contributing to hydrophobic interactions; and positively charged residues (Arg, Lys) that may interact with negatively charged ACE residues (Chen et al., 2025).

While specific amino acid sequences for African yam bean (Sphenostylis stenocarpa) have not yet been definitively identified through mass spectrometry-based sequencing, current research has successfully characterized its bioactive components at the fraction level. Studies on African yam bean protein hydrolysates produced via Alcalase hydrolysis have identified six distinct fractions (F1-F6) separated by RP-HPLC (Ajibola et al., 2012). Among these, F4 and F6 are the most potent, demonstrating significant uncompetitive and non-competitive inhibition against ACE and renin, respectively (Ajibola et al., 2012). These identified bioactive results consist of low-molecular-weight peptides (<1000 Da) that are highly enriched in hydrophobic amino acids, exhibiting IC50 values for ACE inhibition ranging from 0.08 to 0.35 mg/mL (Ajibola et al., 2012; Hernandez-Ledesma & Hsieh, 2013). Consequently, while the release of specific dipeptides (e.g., YP, LP) or tripeptides with C-terminal aromatic residues is hypothesized based on the legume’s protein profile, current confirmed results for African yam bean remain centered on these highly active peptide-rich fractions (Ajibola et al., 2012). This contrasts with related legumes like Bambara groundnut, where specific sequences such as VY, VK, FY, and AR have already been identified and validated (Mune Mune et al., 2018).

Fermented African yam bean serves as a source of multifunctional peptides that extend beyond ACE inhibition to include significant antioxidant, antimicrobial, and potentially immunomodulatory properties (Aderinola & Duodu, 2022; Ajibola et al., 2012; Chourasia et al., 2022). Research on AYB protein hydrolysates has confirmed that Alcalase-mediated hydrolysis releases specific fractions (notably F4 and F6) that exhibit potent dual activity, effectively combining ACE inhibition with strong antioxidant effects (Ajibola et al., 2012; Elisha et al., 2024). These bioactive fractions are predominantly composed of low-molecular-weight peptides (<1000 Da) enriched with hydrophobic amino acids, which are known to facilitate free radical scavenging and the inhibition of lipid peroxidation (Ajibola et al., 2012; Hernandez-Ledesma & Hsieh, 2013).

The bioactivity profile is closely linked to the legume's amino acid composition; while AYB is relatively poor in sulfur-containing residues like cysteine and methionine, it is highly enriched in glutamic acid, aspartic acid, leucine, and lysine (George et al., 2020; Moyo et al., 2024). The abundance of lysine and arginine supports the likely generation of cationic and amphipathic antimicrobial peptides, which are capable of disrupting bacterial membranes, a characteristic often observed in peptides derived from basic amino acid-rich plant proteins (Chen et al., 2025; Jakubczyk et al., 2020). Furthermore, the extensive proteolysis conducted by dominant Bacillus species during traditional alkaline fermentation is thought to release anti-inflammatory and immunomodulatory sequences (Adebo et al., 2022; Luís & Toit, 2019). These peptides may modulate cardiovascular health by affecting immune cell function or inhibiting inflammatory enzymes, similar to findings in other fermented legume systems where peptide mixtures exhibit synergistic health-promoting effects (Chourasia et al., 2022; Jakubczyk et al., 2020; Tee et al., 2023).

Table 1: Summary of peptide sequences, sources, production methods, molecular weights, ACE inhibitory IC50 values, and identification techniques for peptides derived from some closely related legumes. 

	Peptide Sequence
	Source
	Production Method
	MW
	ACE IC50
	Identification Method
	Reference

	LRLESF
	Mung bean
	Bromelain hydrolysis
	735.8
	5.4 µM
	LC-MS/MS
	(Sonklin et al., 2019)

	KLPAGTLF
	Mug bean
	Alcalase hydrolysis
	831.0
	13.4 µM
	MALDI-TOF MS/MS
	(Zhu et al., 2018)

	YLAGNQ
	Soybean
	Peptic digestion
	650.7
	14.0 µM
	RP-HPLC
	(Ramlal et al., 2022)

	KDYRL
	Mung bean
	Alcalase hydrolysis
	  680.8
	26.5 µM
	MALDI-TOF MS/MS
	(Zhu et al., 2018)

	YPFGPI
	Cowpea
	Enzymatic hydrolysis
	690.8
	~45 µM
	LC-MS/MSMS
	(Awika & Duodu, 2016)

	WL
	Soybean
	Monascus purpureus acid proteinase
	317.4
	65.0 µM
	RP-HPLC
	(Ramlal et al., 2022)

	LAIPVNKP
	Soybean
	Monascus purpureus acid proteinase
	838.0
	70.0 µM
	RP-HPLC
	(Ramlal et al., 2022)

	VTPALR
	Mung bean
	Alcalase hydrolysis
	627.7
	82.4 µM
	MALDI-TOF MS/MS
	(Zhu et al., 2018)

	LPYP
	Cowpea
	Enzymatic hydrolysis
	474.5
	~125 µM
	LC-MS/MS
	(Awika & Duodu, 2016)

	WGPRL
	Soybean
	Enzymatic hydrolysis
	626.7
	High Activity
	Peptidomics & LC-MS/MS
	(Zhang et al., 2024)

	F4 Fraction
	African yam bean
	Alcalase hydrolysis
	< 1000
	0.08-0.35 mg/mL
	RP-HPLC Fractionation
	(Ajibola et al., 2012)

	F6 Fraction
	African yam bean
	Alcalase hydrolysis
	< 1000
	0.08-0.35 mg/mL
	RP-HPLC,  Fractionation
	(Ajibola et al., 2012)

	VY, VK, FY
	Bambara groundnut
	Enzymatic hydrolysis
	Variable
	Significant Inhibition
	Computational, Docking
	(Mune Mune et al.,2018; Saetang et al., 2025)




A significant research gap exists in the characterization of African yam bean peptides; while studies have confirmed the potent ACE inhibitory activity of crude hydrolysates and fractions, specifically the F4 and F6 Alcalase-derived fractions with IC50 values between 0.08 and 0.35 mg/mL, exact peptide sequences and their corresponding molecular weights remain largely unidentified (Ajibola et al., 2012; Moyo et al., 2024). The current lack of sequence-specific data for AYB highlights a substantial opportunity for future research. Implementing advanced peptidomic profiling via tandem mass spectrometry (LC-MS/MS) and bioactivity-guided fractionation is essential to reveal the specific primary structures of novel antihypertensive peptides unique to this underutilized legume (Alsagaby, 2019; Chen et al., 2025; Sun et al., 2024). Additionally, conducting comparative studies that evaluate various fermentation conditions and starter cultures, such as proteolytic Bacillus species versus lactic acid bacteria, will enable the optimization of protocols to maximize the yield of these bioactive sequences, thereby facilitating the development of legume-based functional foods (Adebo et al., 2022; Luís & Toit, 2019; Tee et al., 2023).

3. STRUCTURE-ACTIVITY RELATIONSHIP, MECHANISMS OF ACTION, AND BIOAVAILABILITY CONSIDERATIONS
3.1 Structure-Activity Relationship of Antihypertensive Peptides
The antihypertensive efficacy of peptides derived from legumes is fundamentally determined by their structural characteristics, which govern their interactions with target enzymes, particularly ACE, and influence their pharmacokinetic properties (Chen et al., 2025; Manoharan et al., 2017; Moyo et al., 2024). Amino acid composition and sequence specificity represent the primary determinants of ACE inhibitory activity (Chen et al., 2025). The C-terminal tripeptide sequence has been identified as particularly important, with ACE exhibiting preferential affinity for substrates and inhibitors containing hydrophobic amino acids (Trp, Phe, Tyr, Pro, Leu, Ile, Val, Ala) at the C-terminal and penultimate positions (Auwal et al., 2019). This preference reflects the structure of the ACE active site, which contains three substrate-binding pockets (S1, S1', and S2') predominantly lined with hydrophobic residues (Tondo et al., 2019).
The S1 pocket of ACE preferentially accommodates the C-terminal residue of peptide substrates and inhibitors, showing strong affinity for large hydrophobic side chains (Lubbe et al., 2020). Peptides terminating in Trp, Phe, or Tyr exhibit enhanced binding due to favorable aromatic-aromatic interactions (π-π stacking). Proline at the C-terminus confers ACE inhibitory activity through a combination of hydrophobic interactions and conformational constraints imposed by its cyclic structure (Ding et al., 2021). Positively charged residues at the N-terminus may interact electrostatically with negatively charged glutamate and aspartate residues on the ACE surface, stabilizing the peptide-enzyme complex (Chen et al., 2025; Li et al., 2025). Conversely, negatively charged N-terminal residues may reduce binding affinity due to electrostatic repulsion (Jakubczyk et al., 2020).
Peptide chain length profoundly influences ACE inhibitory activity, with an optimal range generally observed for dipeptides to decapeptides (2-10 amino acids). Most potent ACE inhibitory peptides are short, typically ranging from two to nine amino acids, with many active sequences being di- to pentapeptides (150-800 Da) (Manoharan et al., 2017). For example, several food-derived sequences, including VY, IY, WL, and LP, have demonstrated strong ACE inhibitory activities with IC50 values in the low micromolar range (Martini et al., 2021; Ramlal et al., 2022; Tondo et al., 2019). Peptides under 3 kDa generally exhibit superior physiological activities and better permeability and bioavailability (Chen et al., 2025).
Hydrophobicity emerges as one of the most critical factors influencing ACE inhibitory potency. Quantitative structure-activity relationship (QSAR) studies have consistently demonstrated positive correlations between peptide hydrophobicity and ACE inhibition (Hernandez-Ledesma & Hsieh, 2013). However, excessive hydrophobicity may be detrimental, potentially causing peptide aggregation, reduced solubility, or decreased selectivity (Hamley & Castelletto, 2020). Studies on African yam bean indicate that a lower net hydrophobic character is more favorable for ACE inhibition, while higher hydrophobicity is linked to increased renin inhibition, suggesting distinct structural needs for inhibiting different components of the RAAS (Ajibola et al., 2012).
Secondary structure and conformational flexibility represent sophisticated SAR determinants. Peptides containing proline residues exhibit restricted conformational flexibility due to proline's cyclic structure, which constrains the φ backbone dihedral angle and may pre-organize peptides into conformations favorable for ACE binding, reducing the entropic cost of binding (Chen et al., 2025; Ding et al., 2021). Computational approaches including molecular docking studies have been used to visualize specific interactions between peptides and the ACE active site, revealing hydrogen bonding, salt bridges, and hydrophobic interactions with key ACE residues (e.g., His353, His513, Glu123, Arg522, Ala354, Glu384, His383, Trp59, Ile88, Trp357) (Arámburo-Gálvez et al., 2022; Li et al., 2025).
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Figure 2: Illustration of the structure-activity relationship of antihypertensive peptides 
3.2 Mechanisms of Antihypertensive Action
While ACE inhibition represents the most extensively studied mechanism underlying the antihypertensive effects of food-derived peptides (Auwal et al., 2019), emerging evidence indicates that these peptides may exert blood pressure-lowering effects through multiple complementary mechanisms. ACE (EC 3.4.15.1) is a zinc-dependent dipeptidyl carboxypeptidase that plays a central role in the renin-angiotensin-aldosterone system (RAAS) and the kallikrein-kinin system (Lubbe et al., 2020). In the RAAS, ACE catalyzes the conversion of the relatively inactive decapeptide angiotensin I to the potent vasoconstrictor octapeptide angiotensin II through removal of the C-terminal dipeptide His-Leu (Manoharan et al., 2017).
Angiotensin II exerts multiple pro-hypertensive effects including direct vasoconstriction of arterioles, stimulation of aldosterone secretion leading to sodium and water retention, enhancement of sympathetic nervous system activity, and promotion of vascular remodeling and inflammation (Li et al., 2025; Majumder & Wu, 2014). Simultaneously, ACE degrades bradykinin, a nonapeptide vasodilator, by cleaving the C-terminal dipeptide Phe-Arg (Ajibola et al., 2012; Manoharan et al., 2017). By inhibiting ACE, bioactive peptides reduce angiotensin II formation while preserving bradykinin levels, resulting in a synergistic antihypertensive effect through decreased vasoconstriction, reduced sodium retention, and enhanced vasodilation (Yao et al., 2024).
The mechanism of ACE inhibition by food-derived peptides can be classified as competitive, non-competitive, or uncompetitive based on kinetic analyses (Saetang et al., 2025). Most characterized food-derived ACE inhibitory peptides function as competitive inhibitors, engaging the substrate-binding pockets (S1, S1', S2') and potentially chelating the active site zinc ion (Auwal et al., 2019; Li et al., 2025). Non-competitive inhibitors bind to sites distinct from the active site, inducing conformational changes that reduce catalytic efficiency (Hellinger & Gruber, 2019). Uncompetitive inhibitors bind to the enzyme-substrate complex, stabilizing an inactive form (Ajibola et al., 2012).
Renin inhibition represents an alternative intervention point in the RAAS. Renin (EC 3.4.23.15) is an aspartyl protease that cleaves angiotensinogen to generate angiotensin I, the rate-limiting step in angiotensin II formation (Ajibola et al., 2012; Majumder & Wu, 2014). Some African yam bean-derived peptides have demonstrated dual ACE and renin inhibitory activities, potentially offering enhanced antihypertensive effects through synergistic suppression of the RAAS at multiple points (Ajibola et al., 2012; Elisha et al., 2024). Hydrophobic characteristics of peptides appear to be positively related to renin inhibitory properties (Ajibola et al., 2012).
Emerging research suggests that food-derived peptides may also influence blood pressure by modulating the intestinal microbiota and the ACE2/Ang-(1-7)/MasR axis (Chen et al., 2025; Li et al., 2025). Future studies should explore how these peptides might alter gut microbial composition to favor production of hypotensive metabolites like short-chain fatty acids, and investigate the potential of these peptides to upregulate the protective ACE2/Ang-(1-7) pathway (Lubbe et al., 2020; Yao et al., 2024; Tsafack et al., 2022).
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Figure 3: ACE inhibition of plant-derived bioactive peptides

3.3 Bioavailability and Gastrointestinal Stability
The therapeutic potential of antihypertensive peptides derived from African yam bean depends critically on their bioavailability, the fraction of the orally administered peptide that reaches systemic circulation in an intact, bioactive form (Udenigwe et al., 2021). Three sequential processes govern this bioavailability: resistance to gastrointestinal degradation, absorption across the intestinal epithelium, and stability within blood circulation (Amigo & Hernández-Ledesma, 2020; Udenigwe et al., 2021). Discrepancies often observed between in vitro potency and in vivo antihypertensive efficacy are largely attributed to the poor oral bioavailability characterizing many food-derived peptides (Sun et al., 2019).
Peptides enriched in proline residues, particularly those containing Xaa-Pro or Xaa-Xaa-Pro motifs, exhibit enhanced resistance to proteolytic degradation (Chen et al., 2025; Li et al., 2023). Proline's unique cyclic structure creates steric hindrance that impedes cleavage by common endopeptidases and exopeptidases (Moyo et al., 2024). Conversely, sequences susceptible to pepsin, trypsin, or chymotrypsin cleavage may be degraded or further processed into shorter, more potent bioactive fragments, a "pro-drug" activation phenomenon documented across several food protein systems (Karami & Akbari-adergani, 2018).
The gastrointestinal stability of plant-derived peptides is best assessed using standardized protocols like the INFOGEST simulated digestion model, which sequentially subjects peptides to gastric and intestinal enzymatic conditions (Amigo & Hernández-Ledesma, 2020). Beyond primary digestion, intestinal absorption and inter-individual physiological variation, including gut microbiome composition, transit time, and overall health status, further modulate bioavailability (Amigo & Hernández-Ledesma, 2020). To address these limitations, encapsulation strategies utilizing liposomes, nanoparticles, or hydrogels represent promising approaches to protect plant-derived bioactive peptides from proteolytic degradation and facilitate targeted intestinal delivery (Chen et al., 2025; Sun et al., 2019).
4. CONCLUSION
The exploration of African yam bean as a source of antihypertensive peptides highlights a promising intersection between traditional food processing and modern nutraceutical science. Research consistently demonstrates that low-molecular-weight peptides (<3 kDa) released during fermentation and enzymatic hydrolysis are the primary drivers of ACE and renin inhibition. Structural analysis confirms that the potency of these sequences is fundamentally linked to their amino acid composition, particularly the presence of hydrophobic or aromatic residues at the C-terminus, which facilitates high-affinity binding to the ACE active site.
Advanced analytical frameworks, including Reversed-Phase HPLC and tandem mass spectrometry (MS/MS), have proven indispensable for elucidating these structures, especially for underutilized crops where genomic databases remain incomplete. However, the transition from in vitro efficacy to in vivo therapeutic benefit remains the most significant challenge. Bioavailability is frequently limited by gastrointestinal proteolysis, although the presence of proline-rich motifs offers some resistance to digestive enzymes.
Future research should prioritize high-resolution peptidomic profiling to identify the exact sequences unique to African yam bean and utilize standardized models like the INFOGEST protocol to better predict their stability. Moving forward, the integration of these bioactive fractions into functional food systems could provide a cost-effective, culturally appropriate strategy for hypertension management in sub-Saharan Africa and beyond.
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