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Abstract 

The objective of this study was to determine the mineral composition of the kernel cake derived from the seeds of five 
rubber tree (Hevea brasiliensis) clones commonly cultivated in Côte d’Ivoire (PB217, GT1, IRCA41, IRCA230, and 
IRCA331). The experiment was conducted at the CNRA Research Center of Bimbresso, Abidjan, from March 2024 to 
January 2025. Oil extraction was performed using a Soxhlet apparatus with hexane, and mineral profiling was carried 
out according to AOAC (1990) procedures. Results showed significant variation (p < 0.05) in macro- and micronutrient 
contents among clones. GT1 exhibited the highest levels of magnesium (526.48 mg/100 g) and potassium (2275.86 
mg/100 g), whereas PB217 showed the highest phosphorus (1182.21 mg/100 g), sulfur (561.29 mg/100 g), and calcium 
(270.39 mg/100 g) concentrations. IRCA331 presented the highest sodium (22.40 mg/100 g), copper (4.89 mg/100 g), 
and iodine (3.24 mg/100 g) levels. These findings demonstrate the nutritional potential of rubber seed kernel cake as a 
valuable mineral source for animal feeding and as an organic soil amendment in sustainable agriculture. 
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1. Introduction

Hevea brasiliensis is cultivated globally as the primary source of natural rubber. In Africa, Côte d’Ivoire is the leading 
producer and ranks third worldwide in natural rubber production [1]. Although the latex is economically valuable, the 
rubber seed — a by-product often discarded — represents an underutilized source of nutrients [2]. Rubber seeds 
contain around 50 % oil [3,4] rich in unsaturated fatty acids and fat-soluble vitamins (A, E, K) [5], making them suitable 
for food, cosmetic, and biofuel industries. After oil extraction, the residual cake (kernel meal) remains rich in proteins, 
fibers, carbohydrates, and minerals [6–8]. Several studies have explored the potential use of rubber seed cake in animal 
feeding [9–11] and as a bio-fertilizer [12]. However, data on the quantitative and comparative mineral composition of 
kernel cakes from different clones remain scarce. Genetic and environmental factors may influence mineral uptake and 
accumulation. Therefore, this study aimed to characterize the macro- and micro-element composition of kernel cakes 
from five Hevea brasiliensis clones widely cultivated in Côte d’Ivoire to identify their nutritional and agronomic 
potential. 
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2. Materials and Methods 

2.1. Plant Material 

The plant material used in this study consisted of seeds from five Hevea brasiliensis (rubber tree) clones commonly 
cultivated in Côte d’Ivoire: GT 1, PB 217, IRCA 41, IRCA 230, and IRCA 331. The seeds were collected from monoclonal 
plots belonging to three plantation entities: the Société Africaine de Plantation d’Hévéa (SAPH) located in the Grands 
Ponts region, the Société Coopérative Agricole du Sud-Ouest in the Bas-Sassandra region, and EXAT Agriculture in the 
Kouamé Koffikro plantation situated in the Prikro area. 

2.2. Methods 

2.2.1. Preparation of the Oil Cake 

The oil cake was obtained from kernels after chemical extraction using a Soxhlet apparatus according to the AOAC 
(1990) [16] method, with hexane as the solvent. After defatting, the solid residues were dried at 50 °C, ground, and 
sieved to obtain a homogeneous powder used for subsequent analyses. 

2.2.2. Determination of the Mineral Profile 

The mineral profile of the oil cakes was determined by X-ray fluorescence spectrometry (XRF) according to the AOAC 
(1990) [16] method. The samples were first finely ground, and five (5) grams of the powder were weighed using an 
analytical balance and mixed with one (1) gram of a binding agent. The mixture (sample powder + binder) was 
homogenized using a vibro-grinder, then compressed under a pressure of 10 tons with a hydraulic press to form a 
homogeneous pellet. Sample information was entered into the spectrometer analysis software before starting the 
measurement. The principle of X-ray fluorescence is based on the excitation of matter by an X-ray beam. Under this 
excitation, the atoms in the material emit secondary X-rays, known as fluorescence X-rays. The emission spectrum is 
characteristic of each chemical element and allows for the identification and quantification of the elements present in 
the sample. 

By analyzing this spectrum, the elemental chemical composition can be determined and expressed as mass 
concentrations (mg/100 g of dry matter) for both macro- and microelements. 

2.3. Statistical Analysis 

Data were subjected to one-way ANOVA using XLSTAT 2019 to assess clone effects on mineral composition. Means were 
separated using Duncan’s multiple range test at the 5 % significance level. Results were expressed as mean ± standard 
deviation. Principal Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA) were performed to explore 
correlations among minerals and to classify clones by mineral profiles. 

3. Résults  

The macronutrients contained in rubber seed meal showed significant variation (p < 0.05) among the studied clones 
(Table 1). Sodium content ranged from 12.61 ± 0.02 mg/100 g in clone PB 217 to 22.40 ± 0.05 mg/100 g in clone IRCA 
331, the latter displaying the highest value. For magnesium, levels varied between 265.80 ± 0.72 mg/100 g in IRCA 230 
and 526.48 ± 0.31 mg/100 g in GT 1, which also exhibited the highest phosphorus content (1139.88 ± 1.50 mg/100 g), 
while the lowest value (785.52 ± 1.20 mg/100 g) was recorded for IRCA 230. Sulfur concentrations showed marked 
variability, ranging from 326.92 ± 0.97 mg/100 g in IRCA 230 to 561.20 ± 0.96 mg/100 g in PB 217. Clone GT 1 also 
showed a high sulfur content (532.00 ± 0.45 mg/100 g), indicating good accumulation of this element. Potassium, the 
predominant mineral element, ranged from 1487.36 ± 1.28 mg/100 g in IRCA 230 to 2275.86 ± 3.21 mg/100 g in GT 1, 
confirming the strong nutrient absorption capacity of this clone. Finally, calcium concentrations varied between 152.44 
± 0.25 mg/100 g in IRCA 230 and 270.39 ± 0.23 mg/100 g in PB 217, with GT 1 showing an intermediate value of 245.97 
± 0.80 mg/100 g. Overall, these results highlight significant clonal variability for all macronutrients analyzed. Clones GT 
1 and PB 217 stand out for their higher levels of major elements (K, Mg, P, Ca, and S), whereas IRCA 230 exhibited the 
lowest contents, suggesting physiological differences in mineral uptake and accumulation capacity among clones. 
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Table 1 Macronutrient composition of rubber seed kernel cakes from five Hevea brasiliensis clones 

Macroelements  

(mg/100 g) 

GT1 PB217 IRCA 41 IRCA 230 IRCA 331 

Sodium (Na) 16.84 ± 0.05ᶜ 12.61 ± 0.02ᵉ 18.32 ± 0.04ᵇ 13.50 ± 0.01ᵈ 22.40 ± 0.05ᵃ 

Magnesium (Mg) 526.48 ± 0.31ᵃ 518.76 ± 0.09ᵇ 369.70 ± 0.43ᵈ 265.80 ± 0.72ᵉ 410.35 ± 0.70ᶜ 

Phosphorus (P) 1139.88 ± 1.50ᵇ 1182.21 ± 1.80ᵃ 943.93 ± 1.10ᵈ 785.52 ± 1.20ᵉ 1039.50 ± 1.00ᶜ 

Sulfur (S) 532.00 ± 0.45ᵇ 561.20 ± 0.96ᵃ 428.40 ± 0.55ᶜ 326.92 ± 0.97ᵉ 418.40 ± 0.53ᵈ 

Potassium (K) 2275.86 ± 3.21ᵃ 2233.53 ± 4.12ᵇ 1657.51 ± 1.30ᵈ 1487.36 ± 1.28ᵉ 1793.63 ± 1.56ᶜ 

Calcium (Ca) 245.97 ± 0.80ᵇ 270.39 ± 0.23ᵃ 169.79 ± 0.35ᶜ 152.44 ± 0.25ᵉ 164.79 ± 0.79ᵈ 

Nitrogen (N) 3010 ± 10ᵇ 3040 ± 20ᵇ 3160 ± 60ᵃ 3050 ± 30ᵇ 3080 ± 90ᵃᵇ 

Note: Means ± standard deviations followed by different superscript letters within a row differ significantly at p < 0.05 according to Duncan’s 
multiple range test. 

The trace elements determined were manganese, iron, zinc, copper, and iodine (Table 2). The micronutrient contents 
of the rubber seed meal also showed significant variations (p < 0.05) among the studied clones. Manganese (Mn) levels 
ranged from 3.34 ± 0.01 to 5.27 ± 0.03 mg/100 g, indicating a significant difference between clones. For iron (Fe), values 
were 31.86 ± 0.44 mg/100 g (GT 1), 21.55 ± 0.13 mg/100 g (PB 217), 15.14 ± 0.09 mg/100 g (IRCA 41), 14.73 ± 0.07 
mg/100 g (IRCA 230), and 19.14 ± 0.12 mg/100 g (IRCA 331). Clone GT 1 therefore exhibited the highest iron content, 
highlighting its superior nutritional potential for this element. Copper (Cu) concentrations ranged from 4.20 ± 0.01 to 
4.89 ± 0.00 mg/100 g, with the highest value recorded in clone IRCA 331 (4.89 ± 0.00 mg/100 g) and the lowest in IRCA 
41 (4.20 ± 0.01 mg/100 g). Regarding zinc (Zn), the observed levels were 19.31 ± 0.03 mg/100 g (GT 1), 16.26 ± 0.04 
mg/100 g (PB 217), 12.12 ± 0.04 mg/100 g (IRCA 41), 10.58 ± 0.06 mg/100 g (IRCA 230), and 13.17 ± 0.09 mg/100 g 
(IRCA 331). The highest concentration was found in clone GT 1, reflecting its strong ability to accumulate zinc. Finally, 
iodine (I) contents ranged from 2.22 ± 0.01 to 3.24 ± 0.00 mg/100 g. The lowest value was recorded in clone GT 1 (2.22 
± 0.01 mg/100 g), while the highest was observed in IRCA 331 (3.24 ± 0.00 mg/100 g). Clones PB 217, IRCA 41, and 
IRCA 230 showed intermediate levels of 2.24 ± 0.02, 2.76 ± 0.02, and 3.01 ± 0.01 mg/100 g, respectively. Overall, the 
results indicate marked clonal variability for most of the studied micronutrients. Clone GT 1 is distinguished by its high 
iron and zinc contents, while IRCA 331 shows the highest concentrations of copper and iodine. 

Table 2 Trace element composition of rubber seed meal from five clones 

Trace elements (mg/100 g) GT 1 PB 217 IRCA 41 IRCA 230 IRCA 331 

Manganese 5.00 ± 0.01ᵇ 5.27 ± 0.03ᵃ 3.34 ± 0.01ᵉ 3.98 ± 0.03ᵈ 4.26 ± 0.01ᶜ 

Iron 31.86 ± 0.44ᵃ 21.55 ± 0.13ᵇ 15.14 ± 0.09ᵈ 14.73 ± 0.07ᵈ 19.14 ± 0.12ᶜ 

Copper 4.52 ± 0.01ᵈ 4.76 ± 0.01ᵇ 4.20 ± 0.01ᵉ 4.63 ± 0.03ᶜ 4.89 ± 0.00ᵃ 

Zinc 19.31 ± 0.03ᵃ 16.26 ± 0.04ᵇ 12.12 ± 0.04ᵈ 10.58 ± 0.06ᵉ 13.17 ± 0.09ᶜ 

Iodine 2.22 ± 0.01ᵈ 2.24 ± 0.02ᵈ 2.76 ± 0.02ᶜ 3.01 ± 0.01ᵇ 3.24 ± 0.00ᵃ 

Means ± standard deviations followed by different letters within a row are significantly different at p < 0.05 according to Duncan’s test. 

3.1. Correlation Matrix between Mineral Elements in the Five Clones 

The Pearson correlation matrix illustrates the interrelationships among the mineral elements in the five rubber clones 
(Table 3). Magnesium showed strong positive correlations with phosphorus (r = 0.99), sulfur (r = 0.97), potassium (r = 
0.99), and calcium (r = 0.90), as well as moderate correlations with manganese (r = 0.79) and iron (r = 0.82). However, 
it was negatively correlated with iodine (r = –0.77). Phosphorus was positively correlated with sulfur (r = 0.96), 
potassium (r = 0.95), and moderately with calcium (r = 0.87), manganese (r = 0.78), and iron (r = 0.73). Iodine showed 
negative correlations with magnesium (r = –0.77), sulfur (r = –0.85), potassium (r = –0.83), and calcium (r = –0.92). 
Sulfur was positively correlated with potassium (r = 0.96), calcium (r = 0.95), manganese (r = 0.77), and iron (r = 0.73). 
Potassium was positively correlated with calcium (r = 0.95), manganese (r = 0.88), and iron (r = 0.86). Calcium, in turn, 
was positively correlated with manganese (r = 0.87) and iron (r = 0.72). Zinc displayed strong positive correlations with 
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magnesium (r = 0.93), phosphorus (r = 0.87), sulfur (r = 0.89), potassium (r = 0.96), calcium (r = 0.87), manganese (r = 
0.80), and iron (r = 0.96), indicating its close association with these macronutrients in the mineral profile of the clones. 

Table 3 Pearson correlation matrix between mineral elements of the five rubber clones 

Variables Na Mg P S K Ca Mn Fe Cu Zn I N 

Sodium 1 
           

Magnesium –0.02 1 
          

Phosphorus 0.04 0.99 1 
         

Sulfur –0.18 0.97 0.96 1 
        

Potassium –0.18 0.98 0.95 0.96 1 
       

Calcium –0.45 0.90 0.87 0.95 0.95 1 
      

Manganese –0.38 0.79 0.78 0.77 0.88 0.87 1 
     

Iron –0.01 0.82 0.73 0.73 0.86 0.72 0.74 1 
    

Copper 0.06 0.18 0.27 0.07 0.21 0.14 0.56 0.11 1 
   

Zinc –0.10 0.93 0.87 0.89 0.96 0.87 0.80 0.96 0.09 1 
  

Iodine 0.56 –0.77 –0.68 –0.85 –0.83 –0.92 –0.68 –0.69 0.22 –0.82 1 
 

Nitrogen 0.42 –0.44 –0.38 –0.37 –0.59 –0.57 –0.84 –0.69 –0.56 –0.62 0.45 1 

3.2. Hierarchical Cluster Analysis (HCA) 

 

Figure 1 Classification hiérarchique des cinq clones en fonction du profil minéral 

The dendrogram (Figure 1) obtained from the hierarchical cluster analysis (HCA) grouped the five clones into three 
distinct classes. Group 1 consisted of clones GT 1 and PB 217, characterized by their relatively high contents of sodium, 
magnesium, sulfur, calcium, manganese, iron, copper, zinc, and iodine. Group 2 included clones IRCA 41 and IRCA 331, 
distinguished by their higher potassium and phosphorus contents. Group 3 was represented solely by IRCA 230, which 
stood out due to its distinct nitrogen content. These results highlight a clear mineral differentiation among clones, 
reflecting genetic variability in nutrient absorption and accumulation capacities within Hevea brasiliensis seed meals. 
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4. Discussion  

The analyses highlighted the presence of seven essential macronutrients required for animal nutrition: calcium (Ca), 
phosphorus (P), magnesium (Mg), sulfur (S), sodium (Na), chlorine (Cl), and potassium (K). These minerals showed 
significant differences (p < 0.05) among the studied clones, differences that could be attributed both to clonal variability 
and to the oil extraction process. Indeed, oil extraction leads to a concentration of nutrients in the solid residue, 
explaining the higher mineral contents found in the seed cakes. The most abundant macronutrients were magnesium 
(265.80 ± 0.72 – 526.48 ± 0.31 mg/100 g), phosphorus (785.52 ± 1.20 – 1139.88 ± 1.50 mg/100 g), sulfur (326.92 ± 
0.97 – 561.20 ± 0.96 mg/100 g), and potassium (1487.36 ± 1.28 – 2275.86 ± 3.21 mg/100 g). These values are higher 
than those reported by Rokiatou et al. [17] for agricultural by-products used in poultry feed, and by Pousga et al. [18] 
for shea (Vitellaria paradoxa) cake, cottonseed (Gossypium spp.) cake, and sorghum beer residue (Sorghum bicolor) in 
Burkina Faso. These results reflect the mineral richness of Ivorian soils and confirm the high nutritional potential of 
rubber seed cakes. The presence of sodium in the cakes is beneficial because it enhances flavor, improves texture, and 
inhibits bacterial activity [19]. Sodium plays a key role in plasma volume regulation and acid–base balance while 
maintaining muscle excitability. Sodium deficiency leads to growth retardation in chicks and, in laying hens, to a 
decrease in egg production and hatchability [20]. Calcium and phosphorus are interdependent elements. Calcium 
contributes to bone and teeth formation, nerve and muscle function, and blood clotting. Phosphorus, in turn, is involved 
in ATP, phospholipid, and phosphoprotein synthesis and in the formation of bone structures [21–24]. The high 
phosphorus content (up to 1139.88 mg/100 g) observed in the seed cakes is markedly higher than that found in raw 
rubber seed kernels (225.74 mg/100 g), soybean meal (0.57–0.76 mg/100 g), and palm kernel meal (0.046 mg/100 g) 
[21–23]. These values demonstrate the high phosphorus richness of rubber seed cakes, making them suitable for both 
animal feed and plant fertilization. Potassium levels, ranging from 1487.36 to 2275.86 mg/100 g, represent nearly half 
of the recommended daily intake for humans (4700 mg/day) [26]. Potassium is known for its role in blood pressure 
regulation and enzyme activation in plants, contributing to tolerance against water and oxidative stress [25, 27]. 
Therefore, rubber seed cakes can serve as a natural source of potassium for both animal nutrition and organic 
fertilization. Magnesium acts as a cofactor for many enzymes involved in energy metabolism and bone formation [28]. 
The levels observed (265.80–526.48 mg/100 g) far exceed the recommended values for livestock: 400 mg/kg for pigs, 
500 mg/kg for broilers, and 100 g/day for laying hens [30–31]. These results confirm that rubber seed cakes are an 
excellent source of magnesium, comparable to oilseed cakes (3.0–5.8 g/kg DM) and fish meals (1.7–2.5 g/kg DM) [32]. 
The nitrogen content (3.01–3.16%) reflects the protein richness of the cake. These levels are higher than those of neem 
cake (1.09% DM) and copra cake (1.73%) [33–34], and close to those of safou seed cake (1.81–2.14%) [35]. Nitrogen 
plays an essential role in amino acid, protein, and nucleic acid synthesis and is a key element for plant growth and 
productivity [36–37]. Regarding micronutrients, the main ones observed were iron (Fe), zinc (Zn), copper (Cu), iodine 
(I), and manganese (Mn). Zinc levels (10.58–19.31 mg/100 g) are crucial for muscle growth, protein synthesis, and 
reproduction in animals [38–40]. The concentrations observed exceed the recommended levels for broilers (60–70 
mg/kg feed) [38]. Iron levels, reaching up to 31.86 mg/100 g, are higher than those found in sunflower meal (5.26 
mg/kg) [44]. Iron is essential for hemoglobin synthesis and oxygen transport, and its deficiency causes anemia [45–46]. 
Beyond their nutritional importance, these seed cakes can also be used as organic soil amendments. Their incorporation 
into soils improves physicochemical properties (organic matter content, water retention capacity, pH) and stimulates 
beneficial microbial activity. Thus, they offer an ecological and economical alternative to chemical fertilizers, promoting 
the sustainability of agricultural systems [47]. According to [48], incorporating oilseed cakes (soybean, cotton, flax, 
sesame, olive) into tomato cultivation can also reduce nematode populations while improving soil structure and fertility. 

5. Conclusion 

The kernel cake derived from five Hevea brasiliensis clones in Côte d’Ivoire contained substantial macro- and 
micronutrient levels, with significant inter-clone variability. Clones PB217 and GT1 were the richest in phosphorus, 
calcium, magnesium, and potassium, while IRCA331 accumulated more copper and iodine. These results confirm the 
high nutritional and agronomic value of rubber seed kernel cakes, supporting their use as alternative protein-mineral 
feed ingredients and as organic amendments promoting sustainable agriculture. 
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