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Nutritional Potential of Cajanus cajan Leaves: Assessment of their Contribution to Human Dietary Needs
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ABSTRACT 
	Introduction: Despite Togo's rich agrobiodiversity, acute food insecurity remains a critical challenge, affecting approximately 386,000 people during the lean season. This highlights the need for sustainable nutritional strategies, such as the valorization of Neglected and Underutilized Species (NUS). 
Objective: This study aimed to conduct a comprehensive bromatological and mineral analysis of Cajanus cajan (pigeon pea) leaves grown in Togo to evaluate their potential contribution to human nutritional requirements.
Materials and Methods: Fresh leaves were harvested, air-dried, and pulverized. Proximate composition was determined using standard AOAC methods, while mineral content was analyzed via Flame Atomic Absorption Spectrophotometry. Anti-nutritional factors (phytates, oxalates, saponins, tannins) were also quantified. 
Results: The leaves exhibited high nutritional density on a dry matter (DM) basis, containing 29.14 ± 1.09 g/100g crude protein and 13.45 ± 1.32 g/100g dietary fiber. Mineral analysis revealed exceptionally high calcium levels (3537 ± 133.30 mg/100g) and significant zinc content (11.13 ± 0.42 mg/100g), with a favorable low Na/K ratio (0.09). However, significant levels of phytates and oxalates were detected. 
Conclusion: C. cajan leaves represent a nutrient-dense resource capable of addressing specific dietary deficiencies in Togo. While their potential is significant, adequate processing methods are required to minimize anti-nutritional factors and ensure nutrient bioavailability.
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1. INTRODUCTION
The global health landscape is increasingly defined by the paradoxical challenge of the double burden of malnutrition, characterized by the coexistence of undernutrition and overnutrition, often within the same communities and even households (Popkin et al., 2020). This nutritional dichotomy is particularly acute in sub-Saharan Africa, where chronic micronutrient deficiencies, or "hidden hunger," persist alongside rising rates of diet-related non-communicable diseases, (Field et al., 2022 ; Gerrano et al., 2022 ; He & MacGregor, 2008 : Kunyanga et al., 2013 : L'vov, 2005 ; Longvah et al., 2017 ; Li & Shah, 2016(
 In Togo, this complex issue is palpable; despite a rich national agrobiodiversity, an estimated 386,000 people faced acute food insecurity between June and August 2022 (FAO, 2022). Such statistics underscore the urgent need for sustainable, culturally appropriate, and cost-effective nutritional strategies. A promising avenue lies in the scientific valorization of locally available but often overlooked food resources, particularly Neglected and Underutilized Species (NUS), which represent a reservoir of essential nutrients capable of diversifying diets and enhancing food system resilience (Chivenge et al., 2015; Akpavi et al., 2008).
Among these underutilized resources, Cajanus cajan (L.) Millsp., commonly known as pigeon pea, holds significant promise. Globally recognized as the sixth most important grain legume, its seeds are a well-established source of dietary protein and calories, contributing significantly to food security in tropical and semi-arid regions (Fossou et al., 2012 ; Metome et al., 2017). However, while the nutritional value of its grains is well-documented, the vast biomass of its leaves, often treated as agricultural residue, remains a largely unexplored resource in formal scientific literature, despite a strong cultural precedent for the consumption of legume leaves in the region. In Togolese culinary practices, for instance, the leaves of other common legumes, such as cowpea (Vigna unguiculata) and groundnut (Arachis hypogaea), are traditionally harvested and incorporated into nutrient-dense sauces that accompany staple foods (Padonou et al., 2021 ; Akebim et al., 2016). Given that C. cajan is a highly productive and drought-resistant legume, its abundant leaves represent a readily available, low-cost, and ecologically sustainable resource. Their valorization as a leafy vegetable aligns perfectly with existing dietary patterns, offering significant nutritional, economic, and ecological advantages. (Adeyeye, 2002 ; Adamu & Oyetunde, 2013 ; Adepoju et al., 2019 ; Anaemene, 2020


This cultural context sharply highlights a critical research gap. Despite the established consumption of other legume leaves and the vast availability of C. cajan biomass in Togo (Metome et al., 2017), this species remains conspicuously absent from mainstream dietary recommendations. This disconnect stems primarily from a paucity of empirical data regarding its specific biochemical composition (Pal et al., 2011). While previous studies have briefly noted its nutritional potential or focused on medicinal applications (Dako et al., 2023), a comprehensive bromatological analysis of C. cajan leaves specifically targeted at human nutrition is lacking in the scientific literature. This knowledge gap has hindered the integration of C. cajan leaves into food security strategies, representing a missed opportunity to leverage a resilient local resource against hidden hunger (Chapon et al., 2005 ; Bakasso, 2009 ; Eltayeb et al., 2010 : FAO.2013 ;: Atyqy, 2018 :; Dembele et al., 2019 : Babarinde et al., 2020 ).
This study was therefore designed to bridge this specific knowledge gap. The primary objective was to conduct a comprehensive bromatological and mineral analysis of Cajanus cajan leaves harvested in Togo to determine their proximate composition (proteins, lipids, carbohydrates, and dietary fiber) and quantify key macro- and micro-minerals. By evaluating their potential contribution to the Recommended Daily Allowances (RDAs), this research aims to provide the robust empirical basis necessary for promoting these leaves as a locally available, low-cost, and nutrient-dense leafy vegetable, thereby contributing to the enhancement of dietary quality and nutritional security in Togo and similar contexts across West Africa.

2. material and methods 
Type and setting of study
The present study was analytical in nature. It was carried out at the Institut Togolais de Recherches Agronomiques (ITRA) and at the Biochemistry Department of the Faculty of Science of the University of Lomé for the evaluation of nutritional potential.

Plant material collection and preparation
Fresh leaves of Cajanus cajan were harvested in the morning from a field located at the University of Lomé, Togo (Geographical coordinates : 06°10'55.48" N, 01°12'33.59" E). The plant species was authenticated and formally identified at the herbarium of the University of Lomé, where a voucher specimen was deposited under the reference number TOGO15795.
Following the harvest, the leaves were meticulously washed with tap water to remove any debris and subsequently air-dried under ambient laboratory conditions, shielded from direct sunlight to prevent photodegradation of sensitive compounds. The drying process was continued for one week until the leaves were brittle. The dried leaves were then pulverized into a fine, homogeneous powder using a mechanical grinder and sieved to achieve a particle size of less than 0.5 mm. This powdered sample was stored in an airtight, labeled polypropylene container at room temperature, protected from light and humidity until required for biochemical analysis.
Proximate composition analysis
All proximate analyses were conducted in triplicate following the standard procedures of the Association of Official Analytical Chemists (AOAC).


Moisture and dry matter content
The moisture content was determined using the gravimetric method. Approximately 5 g of the fresh leaf sample was accurately weighed into a pre-weighed, dry crucible. Moisture content was determined gravimetrically by drying samples at 103 ± 2°C until a constant weight was. After drying, the sample was cooled to room temperature in a desiccator and reweighed. The moisture content was calculated as the percentage loss in weight. The total dry matter (DM) content was subsequently determined by subtracting the percentage moisture content from 100.
Crude ash content
The total mineral content was determined by ashing, following the procedure described by Lee et al. (2005) . Five grams of the dried leaf powder was weighed into a tared porcelain crucible and incinerated in a muffle furnace at 550 °C for 5 hours, until a white or greyish-white ash was obtained. The crucible was then cooled in a desiccator and weighed. The crude ash content was expressed as a percentage of the dry matter.
Crude fat (lipid) content
Crude fat was extracted from the sample using the Soxhlet extraction method. Five grams of the leaf powder was placed into a porous extraction thimble, which was plugged at both ends with defatted cotton wool. The thimble was inserted into a Soxhlet extractor, and the lipid fraction was extracted using n-hexane as the solvent at 45 °C for 12 hours. After extraction, the solvent was recovered using a rotary evaporator. The resulting flask containing the lipid extract was dried in an oven at 80 °C to remove residual solvent, cooled in a desiccator, and weighed to determine the crude fat content.
Crude protein content
The crude protein content was determined via the Kjeldahl method, which quantifies total organic nitrogen. This procedure involved three distinct stages:
Digestion: The organic nitrogen in a weighed sample was converted to ammonium sulfate by boiling with concentrated sulfuric acid in the presence of a catalyst.
Distillation: The digested sample was made alkaline with sodium hydroxide, and the liberated ammonia was steam-distilled into a boric acid solution.
Titration: The ammonium borate formed was titrated with a standardized acid solution. The total nitrogen content was then calculated and converted to crude protein content by multiplying by the standard conversion factor of 6.25.
Dietary fiber content
The dietary fiber content was determined according to the Weende method, as described by Wolff (1959), which involves sequential acid and alkaline hydrolysis. Three grams of the defatted sample was boiled in 200 mL of 0.255 N sulfuric acid for 30 minutes. The mixture was filtered, and the residue was then boiled in 200 mL of 0.313 N sodium hydroxide for another 30 minutes. The final indigestible residue was filtered, dried in an oven, weighed, and subsequently ashed in a muffle furnace. The dietary fiber content was calculated as the difference between the mass of the dried residue and the mass of the ash.
Determination of total carbohydrate content and energy value
Total carbohydrate content
The total carbohydrate content was calculated by difference as the Nitrogen-Free Extract (NFE):
Total Carbohydrates (%) = 100 – (% crude protein + % crude fat + % crude ash + % dietary fiber)
The digestible carbohydrate content was then estimated by subtracting the dietary fiber content from the total carbohydrate content :
Digestible Carbohydrates (%) = % Total Carbohydrates – % Dietary Fiber.

Metabolizable energy value
The metabolizable energy value (kcal/100 g DM) was calculated using the Atwater general factor system, based on the digestible macronutrient content. The energy value was estimated by summing the products of crude protein (g) × 4, crude fat (g) × 9, and digestible carbohydrates (g) × 4
Mineral element analysis
To prepare the samples for mineral analysis, the crude ash obtained from the incineration process was dissolved in a solution of hydrochloric and nitric acid. The concentrations of sodium (Na), potassium (K), calcium (Ca), magnesium (Mg), and zinc (Zn) were determined using Flame Atomic Absorption Spectrophotometry (FAAS). Phosphorus (P) concentration was determined colorimetrically using the vanadomolybdate method. Standard solutions of known concentrations for each mineral were used to generate a calibration curve, against which the sample concentrations were quantified.

Determination of Anti-Nutritional Factors (ANFs)
To provide a more comprehensive nutritional profile and address the critical issue of nutrient bioavailability (a significant concern for plant-based diets in sub-Saharan Africa) key anti-nutritional factors were quantified. The presence of these compounds can significantly impede the absorption of minerals like calcium and zinc, even when they are abundant in the food source (Noonan & Savage, 1999). The powdered leaf sample was analyzed for total phytates, total oxalates, saponins, and condensed tannins. Total phytates were quantified using the method described by Oberleas (1973). Total oxalates, total saponins, and condensed tannins were determined using the established titrimetric and spectrophotometric methods outlined by Pearson (1976).
Statistical analysis
All analytical determinations were performed in triplicate (n=3). The data were processed to calculate the mean values and the standard error of the mean (SEM). The results are presented as mean ± SEM.

3. results and discussion

RESULTS 
The nutritional composition of the prepared Cajanus cajan leaf powder was quantitatively assessed. The analyses focused on the proximate composition, mineral content, and the resultant calculated energy value. All data are presented as the mean of three independent determinations (n=3) ± the Mean Standard Error (SEM).
Mineral profile
The concentrations of key dietary minerals (sodium (Na), potassium (K), calcium (Ca), magnesium (Mg), and zinc (Zn)) were quantified from the dried leaf powder. The results, expressed in mg per 100 g of dry matter (DM), are detailed in Table I. The leaves exhibited a rich mineral profile, particularly dominated by calcium and potassium. The Na/K ratio was calculated to be 0.09 ± 0.01, indicating a significantly lower sodium content relative to potassium.
Notably, the analysis yielded an exceptionally high calcium concentration of 3537 ± 133.30 mg/100 g DM. Given that this value is significantly higher than levels typically reported for leafy vegetables, it warrants further investigation and analytical validation to rule out potential matrix interference or contamination.
Proximate analysis and metabolizable energy value
The proximate composition and calculated energy values are summarized in Table II. The dried leaves demonstrated a high protein content (29.14 ± 1.09 g/100g DM) and substantial dietary fiber (13.45 ± 1.32 g/100g DM). Digestible carbohydrates accounted for 47.77 ± 1.59 g/100g DM, while the lipid content was relatively low (3.06 ± 0.43 g/100g DM). The mineral analysis (Table I) indicated a predominance of calcium (3537 ± 133.30 mg/100g DM) and potassium (625.10 ± 23.57 mg/100g DM). The sodium-to-potassium (Na/K) ratio was found to be 0.09. 
Anti-nutritional factor profile
The quantification of key anti-nutritional compounds, analyzed to assess potential impacts on nutrient bioavailability, is presented in Table III. The C. cajan leaf powder was found to contain substantial levels of total phytates, recording a mean concentration of 738.92 ± 59.57 mg/100 g DM. Total oxalates were also significant, measured at 282.49 ± 17.68 mg/100 g DM. Saponins were present at 183.49 ± 17.92 mg/100 g DM, whereas the concentration of condensed tannins was comparatively low (1.32 ± 0.16 mg/100 g DM).

Contribution to Recommended Daily Allowances (RDA)
To contextualize the nutritional significance of these findings, the potential contribution of 100 g of dried C. cajan leaves to the RDA for an adult was calculated (Table IV). The analysis indicates the leaves are an exceptional source of specific micronutrients. Notably, 100 g of dry matter provides 393% of the RDA for Calcium (Ca) and between 79.5% and 113.6% of the RDA for Zinc (Zn). The leaves are also a major source of protein, supplying 52.04% of the RDA, and a significant source of digestible carbohydrates (36.75% RDA). Contributions for potassium (13.30%) and metabolizable energy (13.41% - 16.76%) were also noted






Table I: Mineral Content of C. cajan Leaves Analysed (mg/100 g DM)
	Parameters
	Mean ±  SEM (mg/100g DM) 

	Na
	53.83 ± 2.03

	K
	625.10 ± 23.57

	Ca
	3537 ± 133.30

	Mg
	18.95 ± 0.713

	Zn
	11.13 ± 0.42

	Na/K
	0.09 ± 0.010


Values are expressed as mean ± SEM (n = 3); DM: dry matter
Table II: Macronutrient Content and Energy Value of C. cajan Leaves
	
Parameters
	Total carbohydrates (g/100g DM)
	Digestible carbohydrates (g/100g DM)
	Dietary fibre (g/100g DM)
	Fat (g/100g DM)
	Protein (g/100g DM)
	Ash (g/100g DM)
	Moisture content (% FM)
	Energy (Kcal/100 g DM)

	Mean ±  SEM 
	61.22 ± 1.04
	47.77 ± 1.59
	13.45 ± 1.32
	3.06 ± 0.43
	29.14 ± 1.09
	6.57 ± 0.25
	89.65 ± 0.91
	335.21 ± 0.05


Values are expressed as mean ± SEM SEM (n = 3); DM: dry matter; FM: fresh matter
Table III : Anti-Nutritional Factor Content of C. cajan Leaves (mg/100 g DM)
	Parameters
	Mean ± SEM (mg/100g DM)

	Total phytates
	738.92 ± 59.57

	Total oxalates
	282.49 ± 17.68

	Saponins
	183.49 ± 17.92

	Condensed tannins
	1.32 ± 0.16


Values are expressed as mean ± SEM SEM (n = 3); DM: dry matter
[bookmark: _Toc148312191]Table IV: Contribution of Organic and Mineral Substances in 100 g of Dry Matter, from the C. cajan Leaves Analysed, to the RDA
	Elements analysed
	RDA for an adult (Male/Female)
	Quantity in 100 g of DM
	Contribution of 100 g of dry matter to RDA (%)

	Digestible carbohydrates (g)
	130a
	47.77
	36.75

	Fats (g)
	44 – 97a
	3.063
	3.16 – 6.96

	Nitrogenous matter (g)
	56a
	29.14
	52.04

	Metabolizable energy (Kcal)
	2500/2000a
	335.207
	13.41/16.76

	Na (mg)
	1500b
	53.83
	3.59

	K (mg)
	4700b
	625.1
	13.30

	Ca (mg)
	900bc
	3537
	393

	Mg (mg)
	420a
	18.95
	4.51

	Zn (mg)
	9.8 – 14c
	11.13
	79.50 – 113.57


Values are expressed as mean ± SEM (n=3); DM: dry matter; FM: fresh matter.
RDA: Recommended Daily Allowance.
RDA sources: a (Trumbo et al., 2002); b (Frenot and Vierling, 2002); c (ANSES-AFSSA, 2009
[bookmark: _GoBack]DISCUSSION
This study aimed to elucidate the nutritional potential of Cajanus cajan leaves, a vastly underutilized plant resource, to assess their viability as a leafy vegetable for enhancing food and nutrition security, particularly within the Togolese context. The findings reveal that these leaves possess a robust nutritional profile, characterized by substantial levels of proteins, dietary fiber, and key minerals. This positions them as a promising, locally accessible, and cost-effective dietary component to mitigate malnutrition.

The protein content of C. cajan leaves (29.14 g/100g DM) is particularly noteworthy. This value is not only significant in absolute terms but also compares favorably with, or even exceeds, other prominent tropical leafy vegetables such as moringa (Moringa oleifera), for which data is more widely available (e.g., Fasuyi, 2008) In regions like Togo, where diets are often dominated by starchy staples like maize, cassava, and yam, which are inherently low in protein, the integration of such protein-rich leaves could be a critical strategy in combating protein-energy malnutrition, especially among vulnerable populations such as children and pregnant women. Furthermore, the substantial dietary fiber content (13.45 g/100g DM) is of significant physiological importance. Diets rich in fiber are intrinsically linked to improved gastrointestinal health, enhanced satiety which can help in weight management, and a reduced risk of non-communicable diseases (NCDs) such as type-2 diabetes and cardiovascular ailments by modulating glycemic response and cholesterol levels. The low fat content (3.06 g/100g DM) further reinforces the suitability of these leaves for addressing the "double burden of malnutrition," where undernutrition coexists with rising rates of obesity and diet-related NCDs in many urban and peri-urban areas across West Africa. (World Health Organization, 2012 ; Van der Maesen, 2006 : Vanisha et al., (2003))

Biologically, the co-occurrence of high protein, high fiber, and low fat within a single, low-cost food source is of profound nutritional significance. This specific macronutrient matrix is ideal for addressing the complex "double burden of malnutrition" prevalent in Togo and other transitioning economies (Popkin et al., 2020). For undernourished populations, it provides the essential protein for growth and immune function. Simultaneously, for populations facing overnutrition, its high fiber content can promote satiety and its low energy density can help manage weight, while its complex carbohydrates and fiber modulate glycemic response, a critical factor in preventing type-2 diabetes. This positions C. cajan leaves not just as a "famine food" but as a smart, functional food for contemporary African diets.

The substantial concentrations of total phytates (738.92 mg/100 g) and total oxalates (282.49 mg/100 g) identified in the C. cajan leaves warrant careful consideration. These compounds are potent chelators of divalent cations and are known to significantly inhibit the bioavailability of essential minerals, most notably the calcium and zinc that were found in such high abundance in this study (Shankar & Prasad, 1998) Thus, while the gross mineral profile (supplying 393% of the RDA for Ca and up to 113.6% for Zn) is exceptional, the bioavailable fraction of these minerals is likely to be considerably lower. This observation underscores the necessity of traditional processing methods. Culinary techniques common to the region, such as blanching, boiling, or soaking (which are already employed for other legume leaves) are known to effectively reduce levels of heat-labile and water-soluble ANFs like phytates and oxalates. Given the high concentrations of phytates and oxalates (738.92 mg/100 g and 282.49 mg/100 g, respectively), traditional Togolese preparation methods such as prolonged boiling or the addition of potash during sauce preparation (e.g., in adémè) are vital. These processes likely enhance the bioaccessibility of calcium and zinc by dissociating mineral-phytate complexes. Therefore, further research into the effects of local Togolese processing methods on the ANF content of C. cajan leaves is essential before they can be broadly recommended for nutritional interventions
Conversely, the potassium content (625.10 mg/100g DM) and the resulting low sodium-to-potassium (Na/K) ratio of 0.09 are unequivocally beneficial from a cardiovascular health perspective. In practical dietary terms, a low Na/K ratio is a cornerstone of diets designed to manage hypertension, such as the DASH (Dietary Approaches to Stop Hypertension) diet (He & MacGregor, 2008 ; World Health Organization. (2012)). Given the rising prevalence of hypertension as a major public health concern in urban Togo and across West Africa, promoting the consumption of C. cajan leaves could be a powerful, food-based public health strategy for blood pressure regulation. Additionally, the zinc content (11.13 mg/100g DM) is substantial, capable of contributing significantly to the Recommended Daily Allowance (RDA) (Field et al., 2022 ; Yang et al., 2020) Zinc is a critical micronutrient for immune function, cellular growth, and repair, and its deficiency is a widespread problem that impairs child development and increases susceptibility to infections.(Noonan & Savage, 1999 : Fasuyi :  2008 ; Anderson et al., 2009 ;  Olalekan & Bosede, 2010 ; Okoro, 2012 ; Oke et al., 2016 :  Olagunju et al., 2018 )

The nutritional data presented herein provides a strong scientific basis for promoting C. cajan leaves as a valuable food resource. In Togo, these leaves could be integrated into traditional culinary practices, for example, as a primary ingredient in the sauces ("adémè," "gboma") that typically accompany staple foods. To enhance their availability year-round, simple preservation techniques such as solar drying could be explored. Drying would not only extend shelf-life but could also concentrate nutrients, creating a nutrient-dense powder that can be used as a fortificant in porridges, soups, and other complementary foods for infants and young children.

The implications for policy and food-based interventions are significant. These findings provide empirical support for prioritizing C. cajan leaves in public nutrition strategies. For instance, the nutrient-dense powder could be integrated into home-grown school feeding programs in Togo, providing a locally sourced, cost-effective, and culturally acceptable means to boost the protein and micronutrient intake of schoolchildren (Drake et al., 2017). Such an approach achieves the dual benefit of improving child nutrition while simultaneously creating a stable market for local smallholder farmers. Furthermore, these data can inform policy briefs for the Togolese Ministry of Health and Ministry of Agriculture, advocating for the adoption of food-based approaches to combat micronutrient deficiencies, which are often more sustainable and effective than isolated supplementation programs (Joy et al., 2014).

From a broader socio-ecological perspective, the valorization of C. cajan leaves aligns perfectly with national and regional goals for climate-resilient food systems. The pigeon pea is a famously drought-tolerant, deep-rooted legume that improves soil fertility through nitrogen fixation (Mabhaudhi et al., 2019). Promoting the use of its leaves, a product typically treated as residue, adds a new layer of value to a crop already critical for sustainable agriculture in sub-Saharan Africa. The protein content observed in this study (29.14 g/100g DM) is comparable to, or exceeds, values reported for other popular tropical leafy vegetables, such as Moringa oleifera. In the Togolese context, where diets rely heavily on starchy staples, incorporating these high-protein leaves could significantly improve nutritional adequacy.
However, the potential bioavailability of these nutrients requires careful consideration due to the presence of anti-nutritional factors. The observed levels of phytates and oxalates are significant and known to chelate divalent cations like calcium and zinc, potentially inhibiting their absorption. Consequently, while the gross mineral content suggests a theoretical contribution of 393% to the calcium RDA (Table IV), the bioavailable fraction is likely lower. This underscores the necessity of promoting traditional processing methods, such as blanching, fermentation, or cooking with potash, which have been shown to effectively reduce ANF levels in similar matrices

CONCLUSION
This study provides the first comprehensive bromatological analysis of Cajanus cajan leaves, an underutilized resource in Togo. The findings demonstrate that these leaves possess a high nutritional value, particularly in crude protein, dietary fiber, calcium, and zinc. Pigeon pea is an important legume that possesses phytochemical compounds with diverse properties. The objective of this study was to determine the nutritional potential of C. cajan leaves. The biochemical composition of the analysed leaves showed that they possess high nutritional value, making a significant contribution to the recommended daily intake. Their integration into local diets as a leafy vegetable could be a significant, food-based strategy to help combat both protein-energy malnutrition and key micronutrient deficiencies. This positions C. cajan leaves as an endogenous, sustainable, and cost-effective resource for enhancing nutritional and food security in the region.
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