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Potential of Ricinodendron heudelotii (‘akpi’) cake as a local resource for animal feed in Côte d'Ivoire 
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ABSTRACT

	This study aimed to provide farmers with reliable nutritional data on a locally available, low-cost, and protein-rich ingredient, the defatted flour from Ricinodendron heudelotii (Baill.) kernels, as a potential feed resource for livestock. Kernel cakes were collected from five major production areas in Cote d’Ivoire, and aliquots were analyzed in the laboratory. Proximate composition was determined following AOAC procedures. Carbohydrates were calculated by difference and crude fiber was assessed using sulfuric acid digestion. Energy values were estimated using Atwater and Rosa coefficients. Mineral contents (Mg, P, Ca, K, Fe, Cl, Zn) were determined by atomic absorption spectrophotometry and spectrophotometry. Antinutritional factors, including total polyphenols, phytates, flavonoids, tannins, and oxalates, were quantified by spectrophotometric and titrimetric methods. Results showed that proximate values ranged as follows (g/100 g), dry matter 92.7-95.6; ash 11.2-13.1; crude protein 47.0-61.3; carbohydrates 20.5-37.8; crude fiber 9.5-14.4; and metabolizable energy 322-465 kcal/100 g. pH and titratable acidity varied from 6.1 to 7.1 and 1.9 to 4.5 meq/100 g, respectively. Antinutritional compounds were present in significant amounts, total polyphenols (216.6-403.9 mg/100 g), phytates (52.2-71.4 mg/100 g), flavonoids (1.0-4.6 mg/100 g), tannins (16.4-41.8 mg/100 g), and oxalates (714.7-973.6 mg/100 g). The flour was shown to be a good source of proteins, phosphate, potassium, and calcium, even if it had some antinutritional aspects that made it less useful. To sum up, defatted flours made from Ricinodendron heudelotii kernels are a good alternative protein source for feeding livestock in Côte d'Ivoire. Their nutritional composition suggests the possibility of lowering feed expenditures and enhancing protein sovereignty in animal husbandry. However, antinutritional variables show that animal diets need to be detoxified or processed in the right way to be safe and effective.
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1. INTRODUCTION 

Livestock feeding is a major challenge for animal production in Côte d’Ivoire, with direct implications for food security and national sovereignty. Increasing feed expenses, the necessity to enhance feed quality, and the decrease in imports are pivotal challenges for attaining self-sufficiency in animal protein (IPRI, 2019; Ducroquet et al., 2017). Feed constitutes up to 60% of overall production expenses, and sufficient protein consumption is crucial for maintaining animal development, reproduction, and productivity (Feed Business Middle East and Africa, 2025; Poultry News Africa, 2025). Currently, domestic protein supply satisfies merely 57% of national demand, resulting in significant dependence on imports (FAO, 2004).
To mitigate this deficiency, the enhancement of local plant-derived protein supplies emerges as a feasible approach. The kernel cake of Ricinodendron heudelotii, known as akpi, a by-product of oil extraction from its seeds, has been recognized as a possible protein-rich feed component. Prior research indicates that raw kernels contain approximately 24% protein (Saki et al., 2005), however defatted flours may have up to 61% protein, in addition to significant caloric and mineral content (Coulibaly et al., 2018). Moreover, protein isolates derived from this cake exhibit good digestion (enzymatic digestibility > 90%), with a quality akin to reference proteins (Kenfack, 2010).

Notwithstanding these encouraging results, the incorporation of Ricinodendron heudelotii (R. heudelotii) kernel cake into animal feed formulations is still restricted. This mostly results from the absence of comprehensive, dependable, and current nutritional databases, which limits its judicious application by farmers and feed formulators. This study was conducted to produce an updated nutritional profile of R. Defatted kernel flours of Heudelotii in Côte d'Ivoire. The aims were (1) to analyse their proximate, mineral, and antinutritional makeup, and (2) to emphasise their potential applications in cattle nutrition. This initiative seeks to reduce feed costs, enhance protein sovereignty in the livestock industry, and foster sustainable and competitive animal feeding systems.
2. material and methods 


Biological material: Samples consisted of kernel cakes of Ricinodendron heudelotii (Baill.) obtained from seeds collected in different localities of Côte d’Ivoire.
Reagents and equipment: All reagents used were of analytical grade (Sigma-Aldrich®, Merck®). The main equipment included a ventilated oven (Memmert®, Germany), a muffle furnace (Nabertherm®, Germany), a UV-Visible spectrophotometer (Shimadzu®, Japan), a precision balance (Sartorius®, Germany), and an electric grinder (Retsch®, Germany).
Sampling procedure: A prospective survey was conducted in six major markets of Abidjan (Gouro-Adjamé, Abobo, Treichville, Yopougon, Marcory, and Koumassi), which represent the main supply hubs for food products in the city (IFC, 2020). Wholesalers and retailers were interviewed about the origin of R. heudelotii kernels, and ten localities were identified for sample collection. These included the Haut-Sassandra region (Daloa, Vavoua, Issia), the Lôh-Djiboua region (Divo, Lakota), the Gontougo region (Bondoukou), and the District of Abidjan (Fig. 1).	Comment by ahmed hu: To be representative  what the are procedures followed to select and conduct study on these markets. How you select these study areas? Are they represenative?  
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Fig 1. Kernels from the District of Abidjan (a and b), the Lôh-Djiboua region (Divo, c and d), the Gontougo region (Koun-Fao, e) and the Haut-Sassandra region (Issia, f).

Sample preparation: Seeds were cooked in boiling distilled water following the method of Kaankuka et al. (1996) adapted from soybean processing. Cooked seeds were drained, decorticated, and dried in a ventilated oven (45°C, 24 h). Dried kernels were ground (Moulinex®, France) for 5 min and subjected to hexane extraction of crude fat according to AFNOR (1981). Residues (kernel cakes) were desolventized at room temperature (1 h) and oven-dried (45 °C, 2 h). The resulting flours were sieved (500 µm) and stored in airtight glass containers, protected from light and humidity, until analysis.
Proximate composition: Moisture content was determined by oven drying at 105°C to constant weight (AOAC, 1990). Crude protein was measured by the Kjeldahl method, using the nitrogen-to-protein conversion factor 6.25. Ash content was obtained by incineration at 550 °C. Total carbohydrates were calculated by difference (FAO/WHO, 1997). Crude fiber was determined by the enzymatic-gravimetric method (Prosky et al., 1988). Metabolisable energy was determined with the factors established by Atwater and Rosa (1899). The pH was measured using a calibrated pH meter (Metrohm 744, Switzerland), and titratable acidity was evaluated using titration with 0.1 N NaOH in the presence of phenolphthalein (AOAC, 1990).
Mineral composition: The mineral composition, including potassium (K), magnesium (Mg), iron (Fe), calcium (Ca), and zinc (Zn), was analysed using atomic absorption spectrophotometry (Analyst 800, Perkin Elmer, USA). Phosphorus and chloride were measured with UV-Visible spectrophotometry (Fiske & Subbarow, 1925).	Comment by ahmed hu: Mention place of laboratory analysis 
Phytochemical analysis: Total flavonoids were determined by the colorimetric method of Meda et al. (2005) and expressed as mg quercetin equivalents/g dry matter. Phytates were measured by the colorimetric method of Mohammed et al. (1986). Condensed tannins were quantified following Bainbridge et al. (1996) and expressed as mg catechin equivalents/g dry matter. Oxalates were determined by the titrimetric method of Day and Underwood (1986). Total phenols were determined via the Folin-Ciocalteu technique (Singleton et al., 1999) and reported as mg of gallic acid equivalents per 100 g of dry matter.
Statistical analysis: All analyses were conducted in triplicate, and findings were presented as mean ± standard deviation. Statistical analyses were conducted utilising Statistica 9.0 (StatSoft, Poland) and Excel 2013. The data underwent one-way ANOVA, and mean comparisons were executed utilising Duncan’s multiple range test at p < 0.05.

3. results and discussion

The nutritional benefits of Ricinodendron heudelotii (akpi) kernel cakes in meeting the nutritional requirements of livestock (cattle, sheep, goats and poultry). The proximate composition of R. heudelotii kernel cakes from four production regions of Côte d’Ivoire is presented in Table 1.	Comment by ahmed hu: Replace by coponet 

Table 1.	Proximate composition and energy values of Ricinodendron heudelotii kernel cakes (mean ± SD, n = 3).

	Region
	Dry matter (%)
	Ash (%)
	Crude protein (%)
	Total carbohydrates (%)
	Crude fiber (%)
	pH
	Titratable acidity (meq/100 g)
	Energy (kcal/100 g)

	District of Abidjan
	93.5 ± 1.13ᵃ
	12.65 ± 0.20ᵃ
	53.2 ± 5.37ᵃ
	27.9 ± 4.53ᵃ
	11.85 ± 2.62ᵃ
	6.15 ± 0.07ᵃ
	4.4 ± 0.14ᵃ
	324.45 ± 3.46ᵃ

	Lôh-Djiboua region
	94.8 ± 1.13ᵃ
	12.55 ± 0.78ᵃ
	55.05 ± 8.84ᵇ
	27.15 ± 9.40ᵃ
	11.8 ± 0.99ᵃ
	6.6 ± 0.14ᵇ
	2.7 ± 0.57ᵇ
	328.9 ± 2.12ᵃ

	Gontougo region
	93.7 ± 0.0ᵃ
	12.2 ± 0.0ᵃ
	56.6 ± 0.1ᵈ
	24.9 ± 0.1ᵇ
	14.4 ± 0.0ᵇ
	7.1 ± 0.0ᵇ
	1.9 ± 0.0ᶜ
	325.9 ± 0.2ᵃ

	Haut-Sassandra
	95.0 ± 0.0ᵃ
	11.2 ± 0.1ᶜ
	47.0 ± 0.0ᵉ
	37.8 ± 0.1ᶜ
	9.5 ± 0.0ᶜ
	6.8 ± 0.0ᵇ
	2.4 ± 0.0ᵈ
	339.2 ± 0.2ᵃ


Means within a column followed by the same superscript letter (a-e) are not significantly different at the 5% level.
Dry matter ranged from 92.7 to 95.6%, with low variability across regions, confirming the good stability of the samples. Ash content varied between 11.2 ± 0.1% (Haut-Sassandra) and 13.1 ± 0.1% (Lôh-Djiboua), indicating a substantial mineral fraction. Crude protein levels showed strong variability, from 47.0 ± 0.0% in Haut-Sassandra to 56.6 ± 0.1% in Gontougo. Carbohydrates varied from 20.5 ± 0.0% to 37.8 ± 0.1%, whilst crude fibre spanned from 9.5 ± 0.0% to 14.4 ± 0.0%. The pH readings (6.1 - 7.1) suggested slightly acidic to neutral materials; while titratable acidity ranged from 1.9 to 4.5 meq/100 g. Metabolisable energy levels varied from 322.0 ± 0.2 to 339.2 ± 0.2 kcal per 100 grammes. From a nutritional perspective, these protein levels (47 - 61%) significantly surpass the requirements for ruminants, which are estimated at 10 - 14% of the dry matter (NRC, 2016). Therefore, R. Heudelotii kernel cakes may function as a strategic protein supplement in bovine diets. Moreover, their fibre content (9 - 14%) facilitates rumination and enhances rumen microbial activity. The pH of the cakes varied from 6.1 to 7.1, signifying mildly acidic to neutral levels. This range indicates favourable biochemical stability and minimal microbial activity, hence diminishing the likelihood of spoiling during storage (Atasoy et al., 2024). The pH of feed is pertinent to animal nutrition, as it affects protein solubility and mineral bioavailability. In ruminants, near-neutral pH levels promote microbial fermentation and fibre destruction in the rumen (Kubkomawa, 2021), whereas in poultry, feed pH interacts with gastric acidity, potentially influencing protein digestion and mineral absorption (Humer et al., 2015). Additionally, feed pH may indirectly indicate the presence of antinutritional substances, such tannins and organic acids, which alter the acidity of the matrix (Nuamah et al., 2024; Gocheva et al., 2023). Titratable acidity exhibited considerable variation among locations (1.9 - 4.5 meq/100 g). This parameter indicates the buffering capacity of the cakes and offers supplementary information to pH. Elevated titratable acidity may signify a higher concentration of organic acids or fermentation byproducts, potentially diminishing feed palatability and altering digestive processes in animals (Day and Underwood, 1986; Ogungbenle et al., 2009). In poultry, the crude protein needs for broilers range from 16% to 22%, contingent upon age, while for layers, it is approximately 16% to 18% (Leeson & Summers, 2009). The protein level of "akpi" kernel cakes significantly surpasses these standards, suggesting it may serve as an alternate protein source to soy and imported flours. The elevated energy density (322 - 339 kcal/100 g) is advantageous for facilitating swift broiler growth and egg production. In chickens, increased acidity can reduce feed consumption, whereas in ruminants it may disrupt the equilibrium of rumen fermentation. Moderate acidity can prevent microbial contamination during storage, hence enhancing feed safety (Meda et al., 2005). Increased concentrations of magnesium, calcium, and iron are vital for bone formation, blood cell production, and energy consumption. The existence of antinutritional chemicals may restrict the digestion of proteins and minerals. For bovines, integrating R. Heudelotii flour, when combined with local energy sources like maize, cassava, or rice bran, could enhance its valorisation while mitigating the adverse impacts of antinutritional elements.	Comment by ahmed hu: What is the reason for this much variation. 

Toxic and anti-nutritional factors in Ricinodendron heudelotii (‘akpi’) kernel cakes: Table 2 shows significant variations in the antinutritional profile of the kernel cakes according to their geographical origin. 

Table 2. Antinutritional composition of Ricinodendron heudelotii kernel cakes (mean ± SD, n = 3).

	Region
	Polyphenols (mg/100 g)
	Phytates (mg/100 g)
	Flavonoids (mg/100 g)
	Tannins (mg/100 g)
	Oxalates (mg/100 g)

	District of Abidjan
	375.15 ± 28.75ᵃ
	57.3 ± 5.0ᵃ
	2.25 ± 0.45ᵃ
	20.15 ± 3.75ᵃ
	972.6 ± 0.3ᵃ

	Lôh-Djiboua region
	316.3 ± 31.1ᵇ
	57.05 ± 4.85ᵃ
	2.05 ± 1.05ᵃ
	31.8 ± 1.0ᵇ
	927.35 ± 46.25ᵃ

	Gontougo region
	216.6 ± 0.2ᵇ
	63.3 ± 0.0ᵃ
	1.1 ± 0.0ᵇ
	18.5 ± 0.1ᶜ
	908.1 ± 0.0ᵃ

	Haut-Sassandra
	348.4 ± 0.0ᵇ
	71.4 ± 0.1ᶜ
	4.6 ± 0.0ᶜ
	22.0 ± 0.0ᵈ
	714.7 ± 0.0ᵃ


Means within a column followed by the same superscript letter (a - d) are not significantly different at the 5% level.

Total polyphenols varied from 216.6 ± 0.2 mg/100 g in Gontougo to 375.2 ± 28.8 mg/100 g in Abidjan, indicating both antioxidant capacity and reduced protein digestibility. Phytate levels (52.2 - 71.4 mg/100 g) may adversely influence phosphorus and mineral bioavailability, but flavonoids were predominantly found in Haut-Sassandra (4.6 ± 0.0 mg/100 g). Tannin concentrations varied from 18.5 ± 0.1 mg/100 g (Gontougo) to 31.8 ± 10 mg/100 g (Lôh-Djiboua), suggesting potential disruption of protein utilisation. Oxalate levels above 700 mg/100 g throughout all regions, peaking at approximately 973 mg/100 g in Abidjan. The protein levels for chicken, ranging from 47% to 61%, significantly surpass the dietary needs of 16% to 22% for broilers and 16% to 18% for layers (Leeson & Summers, 2009), rendering R. Heudelotii as a viable substitute for soybean meal and foreign flours. The caloric density (322 - 339 kcal/100 g) is enough for promoting development and egg production. Poultry are particularly susceptible to phytates, which diminish phosphorus availability, and to tannins, which decrease palatability. Exogenous enzymes, including phytases, tannases, or oxalases, are essential for enhancing digestibility and utilisation in poultry diets (Humer et al., 2015; Nuamah et al., 2024). Worldwide, R. Heudelotii kernel cakes offer significant advantages, including high protein content, considerable mineral richness, and local availability, rendering them crucial resources for diminishing reliance on imported soybean meal. However, the significant diversity of antinutritional chemicals necessitates suitable detoxification methods. Various technologies can alleviate these constraints. Thermal processes, including toasting and extrusion, diminish tannins and polyphenols (Arnau et al., 2015). Microbial fermentation, utilising organisms such as Bacillus subtilis, yeasts, or filamentous fungus, enhances protein digestibility and reduces phytate and oxalate concentrations. The incorporation of particular enzymes (phytase, tannase, oxalase) can degrade antinutritional substances and improve mineral absorption (Maas et al., 2025). Basic techniques like soaking or germination also diminish phytates and oxalates; however, they are less appropriate for industrial-scale manufacturing. Incorporating these technologies into local feed units would enhance the value of this ingredient and guarantee its safety in animal diets.

Mineral composition of Ricinodendron heudelotii kernel cakes: The mineral analysis of R. heudelotii kernel cakes revealed notable regional variations (Table 3). 

Table 3. Mineral composition of Ricinodendron heudelotii kernel cakes (mean ± SD, n = 3).
	Region
	Mg (mg/100 g)
	P (mg/100 g)
	Ca (mg/100 g)
	K (mg/100 g)
	Fe (mg/100 g)
	Zn (mg/100 g)
	Cl (mg/100 g)

	District of Abidjan
	24.5 ± 7.78a
	1.5 ± 0.71a
	0.55 ± 0.07a
	0.25 ± 0.07a
	2.5 ± 0.71a
	n.d.
	n.d.

	Lôh-Djiboua region
	16.0 ± 5.66b
	0.35 ± 0.07b
	0.35 ± 0.07b
	0.15 ± 0.07b
	2.05 ± 0.07a
	n.d.
	n.d.

	Gontougo region
	30.0 ± 0.0c
	0.4 ± 0.0b
	0.4 ± 0.0c
	0.4 ± 0.0c
	2.1 ± 0.0a
	n.d.
	n.d.

	Haut-Sassandra
	40.0 ± 0.0d
	1.0 ± 0.0c
	0.6 ± 0.0d
	0.2 ± 0.0a
	2.3 ± 0.0a
	n.d.
	n.d.


n.d.: not detected.
Means within a column followed by the same superscript letter (a-d) are not significantly different at the 5% level.

In the District of Abidjan, magnesium (Mg) concentrations was 24.5 ± 7.78 mg/100 g, calcium (Ca) was 0.55 ± 0.07 mg/100 g, and phosphorus (P) was 1.5 ± 0.71 mg/100 g. Potassium (K) was measured at a relatively low level of 0.25 ± 0.07 mg/100 g, whilst iron (Fe) was found to be comparatively high at 2.5 ± 0.71 mg/100 g. Zinc (Zn) and chloride (Cl) was absent in these samples.	Comment by ahmed hu: Compare your result with other prevous study to signfy the investigation of each mininral presence or absance  and drew conclusion and recomendation easly 
In the Lôh-Djiboua region, the total mineral concentrations were diminished, with magnesium at 16.0 ± 5.66 mg/100 g, calcium and phosphorus each at 0.35 ± 0.07 mg/100 g and potassium at 0.15 ± 0.07 mg /100 g. Iron was quantified at 2.05 ± 0.07 mg/100 g, whilst Zn and Cl were not detectable.
Kernel cakes from the Gontougo region had elevated levels of Mg (30.0 ± 0.0 mg/100 g) and K (0.4 ± 0.0 mg/100 g), while both Ca and P were recorded at 0.4 ± 0.0 mg/100 g. The iron level was 2.1 ± 0.0 mg/100 g, although zinc and chlorine were undetectable.
The Haut-Sassandra region displayed the greatest levels of Mg (40.0 ± 0.0 mg/100 g) and Ca (0.6 ± 0.0 mg/100 g), with P at 1.0 ± 0.0 mg/100 g and K at 0.2 ± 0.0 mg/100 g. Iron measured 2.3 ± 0.0 mg/100 g, whilst zinc and chlorine were not detected.
The kernel cakes from Haut-Sassandra and Gontougo had the highest concentrations of Mg and Ca, potentially enhancing mineral availability in cattle nutrition. Iron levels were consistently stable throughout areas (2.05 - 2.5 mg/100 g), indicating that these cakes may aid in the prevention of anaemia in animals. The lack of detectable Zn and Cl signifies that additional mineral sources are required to provide a balanced nutritional profile. 

Implications for livestock feeding: The incorporation of R. Incorporating heudelotii kernel cakes into animal diets has substantial opportunities for livestock advancement in Côte d'Ivoire. Ruminants are well suited as nitrogenous supplements because to their high protein and fibre content, provided that energy-dense diets be adequately incorporated. For chicken, despite sufficient protein and energy levels, enzymatic treatments are necessary to mitigate the impacts of phytates and tannins. By partially replacing imported protein meals, R. Heudelotii kernel cakes may diminish economic reliance on external markets, augment the valorisation of local resources, and generate additional value inside production chains. This strategy would enhance the competitiveness of the cattle sector and bolster national food security, while fostering sustainable production methods resilient to international market volatility.

4. Conclusion

This study indicated that defatted flours derived from R. Heudelotii kernel cakes are abundant in proteins, fibres, and vital minerals including magnesium, calcium, and iron, rendering them significant resources for cattle nutrition in Côte d'Ivoire. Notwithstanding geographical disparities, their nutritional capacity surpasses the needs of both ruminants and poultry, underscoring their significance as strategic substitutes for imported soybean meal. Nonetheless, elevated concentrations of antinutritional substances such as polyphenols, tannins, phytates, and oxalates pose considerable limitations to their direct application, especially in monogastric nutrition. Processing techniques, including heat treatments, microbial fermentation, and enzymatic supplementation, are crucial for enhancing digestibility and nutritional availability. The enhancement of R. Heudelotii kernel flours may decrease feed expenses, improve protein independence, and bolster the sustainability and competitiveness of animal production systems in Côte d'Ivoire. Subsequent investigations should concentrate on enhancing detoxifying methods and doing in vivo experiments to confirm their safety and efficacy in animal nutrition.
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