
 

 

Chemical and physicochemical properties of the lipid extract of Ricinodendron heudelotii 

(Baill.) almonds (Euphorbiaceae) from Côte d'Ivoire 

 

ABSTRACT 

The study focused on the valorisation of the fat extracted from the kernels of Ricinodendron 

heudelotii, (Baill.)  a plant of the Euphorbiaceae family cultivated in Côte d'Ivoire. The 

extraction was performed using Soxhlet with n-hexane, followed by the determination of fatty 

acids and physicochemical parameters such as acid, ester, peroxide, saponification, and iodine 

indices, as well as calorific value and unsaponifiable matter content. The oil obtained has a pale 

yellow colour and a fat content of 38.70 ± 0.45%. The physicochemical analysis yielded the 

following results: an iodine index of 109.51 ± 0.86 g iodine/100 g oil, indicating a high level of 

unsaturated fatty acids, primarily linoleic acid (45.21%); a peroxide index of 23.33 ± 2.35 meq 

O2/kg oil, revealing a high level of primary oxidation and low oxidative stability; a 

saponification index of 187.70 ± 11.19 mg KOH/g oil, reflecting a significant content of 

esterified and free fatty acids; an acid index of 4.20 ± 1.14 mg KOH/g oil, within the acceptable 

limits for edible oils; an ester index of 183.50 ± 10.05 mg KOH/g oil; a calorific value of 

40414.44 ± 427.36 kJ/kg, suggesting its potential as an energy source; and an unsaponifiable 

matter content of 0.72 ± 0.08%.  

GC-MS analysis revealed a low content of saturated fatty acids and a significant proportion of 

unsaturated fatty acids, primarily linoleic acid. These findings suggest that Ricinodendron 

heudelotii fat may have potential applications in food and as a source of energy. However, its 

high oxidative instability indicates that precautions must be taken when using it in food 

products. 
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INTRODUCTION  

Ricinodendron heudelotii (Baill.), commonly known as "Akpi" in West Africa, is a fruit tree 

belonging to the Euphorbiaceae family. This tree is widely distributed in the tropical rainforests 

of West Africa [1]. It holds significant nutritional, economic, and medicinal value for local 

populations. Its almonds are highly prized for their distinctive flavor and are commonly used 

in traditional culinary preparations, such as sauces and stews, making them a valuable 

commodity in local markets [2]. The almonds of Ricinodendron heudelotii (Baill.) are notable 

for their high fat content, which ranges from 45% to 64%, according to various studies [3]. One 

of the key components of this fat is α-eleostearic acid (C18:3), a conjugated fatty acid that 

makes up more than half of the total fatty acids found in the oil [4]. This particular fatty acid 

endows the oil with interesting chemical properties, particularly in the food and cosmetics 

industries. Oils rich in unsaturated fatty acids, such as α-eleostearic acid, are highly sought after 

for their nutritional benefits and potential as active ingredients in cosmetic formulations due to 

their moisturizing and antioxidant properties [5, 6]. In addition to their use in food, various parts 

of Ricinodendron heudelotii (Baill.),are used in traditional medicine across many regions of 

Africa. The bark, leaves, sap, latex, and roots of this tree are traditionally employed to treat a 

wide range of ailments, including yellow fever, anemia, toothache, and malaria [7, 8]. Several 

ethnobotanical studies have documented the use of this plant in traditional medicinal practices 

due to its antimicrobial and anti-inflammatory properties [9]. Recent pharmacological research 



 

 

has also confirmed that certain extracts of Ricinodendron heudelotii  (Baill.) exhibit promising 

biological activities, including antioxidant and antimicrobial properties, further emphasizing 

the potential for greater valorization of this species [10, 11]. Despite its many traditional 

applications and industrial potential, there are still very few comprehensive scientific studies 

on the chemical composition and physicochemical properties of the oil extracted from its 

almonds, particularly in Côte d'Ivoire. Yet, the abundance of unsaturated fatty acids and the 

functional properties of this oil could offer new opportunities for its use in the food, cosmetic, 

and pharmaceutical industries. A deeper understanding of the chemical composition and 

physicochemical properties of the oil would not only optimize its use but also contribute to the 

economic valorization of this species. 

The objective of this study is therefore to conduct a chemical and physicochemical analysis of 

Ricinodendron heudelotii almonds in order to highlight their characteristics and explore their 

potential for diverse applications. 

I. MATERIAL AND METHODS 

I.1.  Material 

I.1. Plant material 

The Ricinodendron heudelotii (Baill.) almonds came from Zoukougbeu, a town in the centre-

west of Côte d'Ivoire (Haut-Sassandra region). The kernel were finely pulverized  using an 

electric grinder. 

I.1. Technical equipment and chemicals 

The technical equipment includes the usual laboratory glassware, an electronic balance, a 

Soxhlet, a spectrophotometer, a rotary evaporator, an oven, and a gas chromatograph coupled 

to a mass spectrometer (GC-MS). 

The chemicals used were Na2SO4, hexane, N-O-bis(trimethylsilyl)-trifluoroacetamide 

(BSTFA), KOH, etc. 

 

I.2. Methods  

I.2.1. Method of fat extraction  

Thirteen grams (13 g) of Ricinodendron heudelotii (Baill.) kernel powder were mixed with 3 g 

of Na2SO4. The resulting mixture was placed into a Wattman cartridge, covered with a cotton 

wool pad, and then placed in an extraction chamber connected to a flask. The 250 mL extraction 

flask, filled to three-quarters of its volume (approximately 190 mL) with hexane, was heated to 

reflux in a water bath for 2 hours. The extracted fat was then dried, weighed, and analyzed after 

vacuum distillation of the solvent using a rotary evaporator [9, 10]. The fat content percentage 

was calculated using the following formula: 

Fat content percentage = (
𝐌𝐚𝐬𝐬 𝐨𝐟 𝐟𝐚𝐭 𝐞𝐱𝐭𝐫𝐚𝐜𝐭𝐞𝐝

Initial sample mass
) × 100 

I.2.2. Physico-chemical parameters of fat. 

The physico-chemical parameters (saponification, acid, iodine, peroxide and ester indices, 

calorific value and unsaponifiable matter content) were determined using the procedures 

described in the literature. 

I .2.2.1. Saponification value 



 

 

Twenty-five (25) mL of 0.2 N KOH were placed in a flask containing 0.4 g of the extracted fat. 

The mixture, equipped with a reflux condenser, was brought to a boil while stirring. After one 

hour, the resulting mixture was titrated while hot using 0.2 N HCl in the presence of 

phenolphthalein as an indicator (2 drops). A blank titration without fat was carried out under 

the same conditions [11, 12]. The saponification value is obtained using the following equation: 

 

SV = 
𝑁𝐻𝐶𝑙(𝑉𝑇−𝑉𝐸)

𝑚
× 56. 1 

 

Where: 

- SV: Saponification value (in mg KOH/g of oil), 

- VT: Volume of HCl used for the blank titration, 

- VE: Volume of HCl used for the fat extract titration, 

- NHCl: Normality of the HCl solution, 

- m: Mass of the fat in grams, 

- 56.1: Molecular weight of KOH. 

 

I .2.2.2. Acid value 
 

Ten (10) mL of 0.2 N KOH were placed in a 250 mL Erlenmeyer flask containing 0.4 g of the 

extracted fat, then two drops of phenolphthalein were added. The resulting mixture was titrated 

with 0.2 N HCl until a stable discoloration was observed [11, 12]. A blank titration without fat 

was carried out under the same conditions. The acid value is given by the following formula: 

 

AV = 
𝑁𝐻𝐶𝑙(𝑉𝑇−𝑉𝐸)

𝑚
× 56. 1 

 

Where: 

- AV: Acid value (in mg KOH/g of oil), 

- VT: Volume of HCl used for the blank titration, 

- VE: Volume of HCl used for the fat extract titration, 

- NHCl: Normality of the HCl solution, 

- m: Mass of the fat in grams, 

- 56.1: Molecular weight of KOH. 

I .2.2.3. iodine value 

In a 250 mL Erlenmeyer flask, 0.3 g of fat were dissolved in 10 mL of CHCl₃. Two (2) mL of 

this solution were pipetted and transferred into another 250 mL Erlenmeyer flask, to which 5 

mL of Wijs reagent were added. The mixture, after vigorous shaking, was left to stand for 1 

hour, then 2 mL of 10% KI and 50 mL of distilled water were added. The excess iodine released 

was titrated with 0.1 N Na₂S₂O₃ in the presence of 2 mL of starch. The starch indicator was 

added near the end of the titration when a pale-yellow color appeared, and the titration was 

continued until decolorization [14]. The iodine value was calculated using the following 

formula: 

 

IV = 
(𝑉𝑇−𝑉𝐸)

𝑚
× 1.269 

 

Where: 

- VT: Volume of Na₂S₂O₃ used for the blank titration, 

- VE_EVE: Volume of Na₂S₂O₃ used for the fat extract titration, 



 

 

- m: Mass of the fat in grams, 

- IV: Iodine value (in g of I₂ / 100 g of oil). 

I .2.2.4. Peroxide value 

Twenty (20) mL of the CH₃COOH/CHCl₃ mixture (3:2) were placed in a 250 mL Erlenmeyer 

flask containing 1 g of extracted fat. Then, 0.1 mL of a KI solution, prepared by dissolving 1 g 

of KI in 1 mL of distilled water, was added. The stoppered Erlenmeyer flask was shaken 

vigorously and kept in the dark for 5 minutes. After adding 50 mL of distilled water, the released 

iodine (I₂) was titrated with 0.1 N Na₂S₂O₃ in the presence of starch paste as an indicator. A 

blank titration without fat was carried out under the same conditions [15]. The peroxide value 

is given by the following formula: 

 

PV = 
𝑁×(𝑉𝑇−𝑉𝐸)

𝑚
× 1000 

 

Where: 

- VT: Volume of Na₂S₂O₃ used for the blank titration, 

- VE: Volume of Na₂S₂O₃ used for the fat extract titration, 

- N: Normality of the Na₂S₂O₃ solution, 

- m: Mass of the fat in grams, 

- PV: Peroxide value in meq O₂/kg of oil. 

 

I .2.2.4. Unsaponifiable value 

Five (5) g of extracted oil were mixed with 50 mL of an ethanolic KOH solution (2N). The 

mixture was refluxed for 1 hour on a hot plate. After cooling, 100 mL of distilled water were 

added. The entire mixture was transferred into a separatory funnel, and the organic phase was 

extracted with 4 × 50 mL of pentane, followed by washing with distilled water until a neutral 

pH was achieved. The organic extract was then dried over anhydrous Na₂SO₄, filtered, and 

evaporated to dryness under reduced pressure using a rotary evaporator. The residue obtained, 

representing the unsaponifiable fraction, was dried and weighed, yielding a mass of 66.25 mg 

[13]. 

The content of unsaponifiables was calculated using the following formula: 

 

Unsaponifiable content (%) = (
𝒎𝟏

𝑚2
) × 100 

 

Where: 

- Unsaponifiable content (%): Percentage of unsaponifiables, 

- m1: Mass of the unsaponifiables, in grams, 

- m2: Mass of the sample, in grams. 

I .2.2.4. Ester value and Calorific value 

Finally, the ester value (EV) [16] and calorific value (VC) [17] were determined according to 

the following equations: EV = SV - AV (mg KOH / g) and VC =47645-4.187 IV -38.31 SV 

(kJ/kg). 

I.2.3.  Determination of fatty acids by GC-MS 



 

 

Identification of fatty acids by GC-MS of Ricinodendron heudelotii fat was carried out using 

the method described by Bamba and coll. [9]. 

Fatty acids in R. heudelotii oil are determined in two stages. In the first stage, the fatty acids 

are extracted using dichloromethane and then concentrated. The acids are then derivatized with 

N-O-bis(trimethylsilyl)-trifluoroacetamide (BSTFA) to obtain trimethylsilyl esters. In the 

second stage, the trimethylsilyl esters were analyzed by gas chromatography-mass 

spectrometry (GC-MS) in selective ion acquisition mode. The GC-MS instrument consisted of 

a DB-5.625 capillary column measuring 30 m x 0.25 mm ID x 0.25 µm. Helium was used as 

the carrier gas with a linear velocity of 1 mL/s. The oven temperature program was 130°C for 

2 minutes, followed by three programming stages: the first programming stage (Rate: 

10°C/min; Final: 180°C for 0 minutes); the second programming stage (Rate: 3°C/min; Final: 

245°C for 5 minutes) and finally the third programming stage (Rate: 15°C/min; Final: 300°C 

for 5 minutes).  The temperature of the injector and detector was set at 250°C.  Injection was 

carried out in splitless mode.  The mass spectrometer parameters for the electron impact mode 

were: ionization source temperature (230°C) and electron energy (70 eV). The concentration 

of fatty acids present in the sample is determined by comparing the chromatographic surfaces 

obtained at a given retention time with the surfaces of the standards used to establish the 

calibration curve under the same assay conditions. 

II. RESULTS AND DISCUSSION  

II.1.  Fat content of Ricinodendron heudelotii kernels 

The fat extracted from Ricinodendron heudelotii is pale yellow in color. It has a fat content of 

38.70 ± 0.45%. This value is within the range of proven oilseed oils: cotton 35%-40% [18, 19]; 

rapeseed 37.3%-42%; palm kernel 33.3%-50% and sunflower 36.7%-47.7% [18, 20]. 

Ricinodendron heudelotii could therefore be classified as an oilseed. 

II.2.  Chemical parameters of the fat content of Ricinodendron heudelotii kernels  

The iodine, acid, peroxide, saponification, ester, calorific value and unsaponifiable content 

indices of Ricinodendron heudelotii kernel oil were determined and the results obtained are 

given in Table I. 

The iodine value of Ricinodendron heudelotii kernel oil obtained was 109.51 ± 0.86 g 

iodine/100 g oil. This physico-chemical parameter provides information on the degree of 

unsaturation of an oil. When the value of this index is high (Ii ≥ 90), it means that the fat studied 

is mainly made up of unsaturated fatty acids [18, 21]. In addition, the iodine value of R. 

heudelotii oil is higher than that of certain high-quality oils, such as olive oil (75-94) and 

rapeseed oil (97-107) [18, 22]. This high iodine value suggests that R. heudelotii fat is rich in 

unsaturated fatty acids and therefore recommended for use in food.  In addition, this oil could 

be classified as a non-drying oil (Ii < 110) [18, 23]. 

The peroxide value of R. heudelotii oil is 23.33 ± 2.35 meq. O2 / kg of oil. This index is used 

to assess the level of primary oxidation of an oil by oxygen. According to the Codex 

Alimentarius, the oil studied has a fairly high level of oxidation (Ip ˃ 10 meq of O2 / kg of oil) 

[24]. It is also higher than that of shea butter (14.5-17.5) [16, 18] and desert dates (9.78±1.9) 

[18, 25]. This index is also higher than that of Moringa oleifera fat (0.74 ± 0.02) from Côte 

d'Ivoire [10, 26] and that of Irvingia gabonensis fat (20 ± 2.18) from Côte d'Ivoire [9], two 

plants commonly used in Côte d'Ivoire. 



 

 

The saponification number obtained for R. heudelotii oil is 187.70 ± 11.19 mg KOH / g oil. 

This index generally gives the fatty acid content (esterified and free) of an oil. Its high value 

makes an oil a recommended raw material for soap making. The content of R. heudelotii oil in 

this study was lower than that of coconut (248-265) and palm kernel (230-254) oils [18, 24], 

which are oils commonly used in soap-making. In view of these findings, R. heudelotii fat is 

not recommended as an ingredient in soap manufacture [18, 27]. 

The acid value of R. heudelotii kernel oil obtained in this work is 4.20 ± 1.14 mg KOH /g oil. 

This quantity is very close to that of the food standard (Ia max = 4) [18, 24]. This value of the 

acid number thus reflects an acceptable quantity of free fatty acids in the oil in this study. 

Furthermore, the acid value of R. heudelotii oil is in the same range as those of edible oils such 

as coconut (4-7), palm kernel (4-7) and groundnut (0.08-6) [18, 25]. Additionally, the acid value 

of R. heudelotii oil is lower than that of soybean oil (7) [18, 25].  

The ester number obtained for R. heudelotii oil was 183.50 ± 10.05 mg KOH / g oil. This value 

for the ester number of R. heudelotii kernel oil is slightly lower than that for the saponification 

number of the same oil (187.70 ± 11.19 mg KOH/g oil). This finding could mean that the fat of 

R. heudelotii contains a low quantity of fatty acid. However, this does not rule out the possibility 

that it may undergo treatment (pre-refining and conditioning) before use [9, 28]. 

The calorific value of Ricinodendron heudelotii kernel oil obtained was 40414.44 ± 427.36 kJ 

/ kg of oil. This parameter provides information on the energy value of the fat for human 

consumption and its hypothetical use as a biofuel and engine lubricant. The calorific value of 

R. heudelotii kernel oil obtained in this study is greater than 35,000 kJ/kg, so it could be 

considered for use as a fuel and engine lubricant [16].  However, further research, particularly 

into the viscosity of this oil, could determine its potential as a biodiesel or engine lubricant. In 

this study, food use will be favored for ethical reasons on the one hand, and on the other hand 

to provide a response to undernourishment in most tropical countries where food supplements 

are used [16]. The calorific value of this oil could make it a nutritional source of energy [16, 

18, 26, 28].  

The unsaponifiable content of Ricinodendron heudelotii kernel oil is 0.72±0.08%. This value is 

within the range of values reported in the literature for plant species (of the order of 0.5 to 4%) 

[18, 29, 30, 31, 32, 33, 34].    

Table I. Chemical composition of Ricinodendron heudelotii fat 

Characteristics studied Results obtained 

Iodine value (g iodine/100g oil) 109.51 ± 0.86 

Peroxide value (meq O2 /kg oil) 23.33 ± 2.35 

Saponification value (mg KOH / g oil) 187.70 ± 11.19 

Acid value (mg KOH / g oil) 4.20 ± 1.14 

Ester value (mg KOH / g oil) 183.50 ± 10.05 

Calorific power (kJ/kg) 40414.44 ± 427.36 

Unsaponifiable matter content 0.72 ± 0.08 

  

II.3. Fatty acid content of Ricinodendron heudelotii fatty matter        



 

 

The fatty acids in Ricinodendron heudelotii fat were identified and the chromatographic profile 

of the fat from R. heudelotii kernels is shown in Figure 1. This profile highlights the fatty acids 

present in this oil. 

The fatty acids identified and their various levels are shown in Table II. In total, Ricinodendron 

heudelotii fat contains seven fatty acids, including three (3) polyunsaturated fatty acids (PUFA), 

one (1) monounsaturated fatty acid (MUFA) and three (3) saturated fatty acids (SFA). The ratio 

of polyunsaturated to saturated fatty acids (PUFA/SFA= 2.11˃ 1) and the value of the iodine 

index (Ii=109.51 ± 0.86 > 90) increase the potential nutritional properties of R. heudelotii fat 

[21, 35]. 

 

Figure 1 : Chromatographic profile of the fat content of R. heudelotii 

Table III. Fatty acids identified in the fatty matter of Ricinodendron heudelotii 

Order 

number 

Fatty acids  

identified 

Fatty acid  

family 

Rate 

(in %) 

1 Lauric acid Saturated 0.49 

2 Palmitic acid Saturated 10.74 

3 Linoleic acid Polyunsaturated (Omega-6) 45.21 

4 Oleic acid Monounsaturated (Omega-9) 19.35 

5 Stearic acid Saturé 14.69 

6 Linoleic acid Polyunsaturated (Omega-6) 3.39 

7 Gamma-linolenic acid Polyunsaturated (Omega-6) 6.13 

 Saturated fatty acids (SFA)  25.92 

 Polyunsaturated fatty acids (PUFA)  54.73 

 Monounsaturated fatty acids (MUFA)  19.35 

 

Omega-6 PUFAs are necessary for numerous physiological functions in the body, and their 

protective role against cardiovascular disease is well known. The American Heart Association 

recommends a dietary intake of Omega-6 PUFAs of around 5-10% of total energy intake [36, 

37]. Omega-6 PUFAs are fatty acids (FAs) characterised by a carbon chain with two or more 

cis double bonds, the first of which is located between the 6th and 7th carbon atoms of the 



 

 

methyl end (n-6 position). The PUFAs identified in Ricinodendron heudelotii almond oil 

include linoleic acid. This dietary acid is found in large quantities in vegetable oils from soya, 

maize, and rapeseed. It is an essential fatty acid that cannot be synthesised by mammals. Its 

only source is therefore the diet [38]. In addition to its role as a precursor of hormones 

(eicosanoids), linoleic acid is involved in the formation of cell membranes and helps maintain 

skin hydration by limiting water loss. Linoleic acid, the main PUFA in this oil, acts as a source 

of energy. In summary, this high omega-6 content in the fat of R. heudelotii (54.73%) is thought 

to help reduce levels of bad cholesterol in the blood [37, 39]. However, too much omega-6 

compared with omega-3 tends to encourage the development of various diseases such as 

cardiovascular disease, cancer, and various inflammatory and autoimmune diseases [40]. 

Furthermore, the presence of oleic acid (Omega-9) in the fat of R. heudelotii almonds (19.35%) 

could contribute to good control of hypertriglyceridemia in diabetic rats [41]. This acid 

potentiates the effect of weight loss, which reduces cardiovascular risk in obese and diabetic 

patients [42]. 

 

CONCLUSION  

 

This study focused on determining the physicochemical parameters and identifying fatty acids 

by GC-MS of the fat extracted from the kernels of Ricinodendron heudelotii grown in Côte 

d'Ivoire. Soxhlet extraction of the oil yielded an extraction rate of 38.70 ± 0.45%, classifying 

this plant as an oilseed. The physicochemical parameters and the fatty acids identified suggest 

that the oil could be useful in food and pharmaceutical applications. Further analysis could 

reveal whether the oil is suitable for use as a biofuel and/or engine lubricant. 

 

 

 

The importance of this manuscript for the scientific community 

 

This study holds particular significance for the scientific community, as it makes a valuable 

contribution to the valorization of an underutilized plant resource in West Africa, Ricinodendron 

heudelotii. By highlighting the chemical and physicochemical properties of this plant, it paves 

the way for its potential use in sectors such as the agri-food and pharmaceutical industries. 

Furthermore, the identification and analysis of the fat content from these kernels could offer 

new insights into the study of unsaturated vegetable oils, which are known for their nutritional 

benefits. This work serves as a promising foundation for further exploration of this species and 

contributes to the search for sustainable sources of plant-based lipids. 
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