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Vitamin and fatty acid profile of almond oil from the seeds of five rubber tree clones commonly used in Ivory Coast

.     
.
              . 
                     
	.
..


.

____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


ABSTRACT

	
[bookmark: _GoBack]Aims: The aim of this study was to determine the fatty acid and vitamin profile of almond oil from the seeds of five rubber tree clones commonly used in Côte d'Ivoire
Place and Duration of Study: National Agricultural Research Center (CNRA) in Bimbresso, Abidjan, Ivory Coast, from March 2024 to January 2025.
Methodology: These are clones PB217, GT1, IRCA41, IRCA230, and IRCA331. The vitamin profiles and fatty acids of the almond oils from the five clones were determined.
Results: The results showed that these oils are very rich in unsaturated fatty acids with a high proportion of oleic and linoleic acids. Thus, the oil from clone GT1 had the highest oleic acid content (20.16%). However, in terms of linoleic acid, the highest content (55.32%) was obtained with oil from the IRCA230 clone. With regard to the vitamin profile, vitamins A, E, and K were determined in the oil from the five rubber tree clones. The clones with the highest levels were GT1 for vitamin A (578.90 µg/100g); PB217 for vitamin E (33100 µg/100g); and finally, IRCA230 for vitamin K (29.33 µg/100g).
Conclusion: Thanks to their high content of essential fatty acids, these oils can be used to enrich oils that are low in essential fatty acids.
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1. INTRODUCTION

The rubber tree (Hevea brasiliensis) is a plant belonging to the Euphorbiaceae family. It grows mainly in Africa and Asia (Alam et al., 2024) . In Côte d'Ivoire, rubber cultivation covers an area of more than one million hectares, producing approximately 1,700,000 tons of rubber (FIRCA & APROMAC, 2024). This production makes Côte d'Ivoire the leading rubber producer in Africa and the third largest in the world (FIRCA & APROMAC, 2024) . Five (5) clones (GT1, PB217, IRCA 41, IRCA 230, and IRCA 331) have been able to adapt to the agro-pedoclimatic conditions of Côte d'Ivoire, making them the most widely used (Michel et al., 2020). Planted for their latex, rubber trees also produce seeds that ripen twice a year, from August to September, when production is abundant, and from January to February, when production is low. Average seed production is estimated at 150 kg/year per hectare (Abdullah & Salimon, 2009). Rubber tree seed production in Côte d'Ivoire is estimated at over 100,000 tons (Bamba et al., 2024). Unfortunately, this large quantity of rubber tree seeds has almost no application for which it can be used, except for a tiny portion that is used in seed production. Most of it is left in the fields as agricultural waste or used as fuel (Alam et al., 2024) . However, these rubber tree seeds are increasingly gaining value thanks to the work of (Alam et al., 2024) , which has shown that these seeds are rich in lipids and proteins (35-45%). The high lipid content of these seeds makes them suitable for use in the soap, paint, and energy industries (Ikhuoria et al., 2005). In Côte d'Ivoire, a few initiatives have been undertaken to promote the use of rubber tree seeds (Bamba et al., 2024; Okoma et al., 2018). However, very few studies have focused on the five clones that are widely used. To better guide the development of rubber tree seeds, it is essential to understand the oil profiles of these seeds. This study was therefore undertaken to determine the vitamin and fatty acid profiles of the kernel oils of five rubber tree clones for appropriate development.


2. material and methods 
MATERIAL
The plant material consisted of seeds from five clones of rubber tree (Hevea brasiliensis) commonly grown in Ivory Coast. These seeds were harvested from monoclonal plantations belonging to the African Rubber Plantation Company (SAPH) located in Toupah (5° 19′ 0″ N, 4° 34′ 0″ W) in the Grands Ponts region during the August to November 2024 fruiting season. The different clones were GT1, PB 217, IRCA 41, IRCA 230, and IRCA 331.
METHODS

The oil from the seeds of the rubber tree was extracted using a Soxhlet extractor in accordance with the AOAC method (1990). The vitamin and fatty acid profiles were determined using method AOAC (1990) and ISO standard 12966-1:2014, respectively.

STATISTICAL PROCESSING 

The tests were carried out in three trials. One-way analysis of variance (ANOVA) was performed using XLSTAT 2019 software on all the results obtained in order to determine whether there were any significant differences between the various values calculated. The different means were compared using Duncan's test at a 5% probability threshold.

3. results and discussion

Fatty acid profile of almond oils from rubber tree seeds 
The fatty acid profiles obtained in the oils are presented in Table I. In general, the almond oil from the five clones contains eight (8) fatty acids divided into two distinct groups, four saturated and four unsaturated. Of the four saturated fatty acids, palmitic acid was the most abundant, with a content ranging from 21.16% to 23.14%.
Clone PB217 had the highest content, while clone GT1 had the lowest.
	The highest unsaturated acids were linoleic acid and oleic acid. There was a significant difference between the different clones. The highest oleic acid content was obtained with clone GT1 (20.16%) and the lowest with clone IRCA 331 (18.69%). 
As for linoleic acid, the contents varied between 54.48% and 55.32%. The IRCA 230 clone provided the highest content (55.32%) and PB 217 recorded the lowest value (54.48%).
Overall, the saturated fatty acid content ranged from 26.23% to 27.73%, and the unsaturated fatty acid content varied from 74.16% to 76.00%. The GT1 clone had the highest unsaturated fatty acid content (76.00%).



























Table I: Fatty acid profile of almond oils from the seeds of five rubber tree clones
	Fatty acid composition (%)
	Rubber tree clones
	

	
	GT1
	PB217
	IRCA 41
	IRCA 230
	IRCA 331
	P

	Lauric acid 
	0.25 ±0.10a
	0.23 ±0.02a
	0.26 ±0.00a
	0.25 ±0.01a
	0.21 ±0.00a
	0.035

	Myristic acid 
	1.06 ± 0.00a
	1.05 ± 0.03a
	0.89 ± 0.01c
	0.80 ±0.02d
	1.01 ± 0.02b
	< 0.0001

	Palmitic acid 
	21.65 ±0.01e
	23.14 ±0.02a
	22.77 ±0.03b
	22.33 ±0.05d
	22.52 ±0.02c
	< 0.0001

	Stearic acid 
	3.27 ±0.01b
	3.31 ±0.03a
	3.32 ±0.02a
	3.25 ±0.01b
	3.26 ±0.00b
	0.003

	Oleic acid 
	20.16 ±0.08a
	19.24±0.07c
	18.77 ±0.05d
	19.54 ±0.06b
	18.69 ±0.05d
	< 0.0001

	Linoleic acid 
	55.26 ±0.05ab
	54.48 ±0.03d
	54.74 ±0.05c
	55.32 ±0.04a
	55.16 ±0.09b
	< 0.0001

	Linolenic acid 
	0.41 ±0.01b
	0.40 ±0.03b
	0.48 ±0.03a
	0.46 ±0.01a
	0.45 ±0.02a
	0.013

	Gadoleic acid 
	0.17 ±0.04a
	0.15 ±0.01a
	0.17 ±0.02a
	0.16 ±0.01a
	0.18 ±0.00a
	0.086

	Ʃ SFA
	26.23± 0.12e
	27.73± 0.10a
	27.24± 0.06b
	26.63± 0.09d
	27.00± 0.04c
	< 0.0001

	Ʃ UFA
	76.00 ± 0.18a
	74.27± 0.14c
	74.16± 0.15c
	75.48± 0.12b
	74.48±0.16c
	< 0.0001

	Ʃ MUFA
	20.33± 0.12a
	19.39± 0.08c
	18.94± 0.07d
	19.70± 0.07b
	18.87± 0.05d
	< 0.0001

	Ʃ PUFA
	55.67± 0.06ab
	54.88± 0.06d
	55.22± 0.08c
	55.78± 0.05a
	55.61± 0.11b
	< 0.0001


Values with the same letters on the same line are not significantly different at the 5% level according to Duncan's test



VITAMIN PROFILE OF ALMOND OILS FROM RUBBER TREE SEEDS
The vitamin profile of the different oils revealed the presence of three fat-soluble vitamins: vitamins A, E, and K. For each vitamin, a significant difference was observed between the different clones (Table II). 
Vitamin A contents are 575.23, 578.90, 570.54, 576.65, and 565.87 µg/100g for clones PB217, GT1, IRCA41, IRCA230, and IRCA331, respectively.
Vitamin E is the most abundant vitamin in these oils, with levels ranging from 22250 to 33100 µg/100g. Clone PB217 (33100 µg/100g) had the highest content of the five, while clone IRCA230 had the lowest, with an average of 22,250 µg/100g.
As for vitamin K content, the values were 28.44 µg/100g for clone PB217; 28.55 µg/100g for GT1; 29.28 µg/100g for clone IRCA41; 29.33 µg/100g for the IRCA230 clone, and 29.07 µg/100g for the IRCA331 clone.

Table II: Vitamin content of oil palm seed oils
	Vitamin content
	Vitamin
A(µg/100g)
	Vitamin 
E(µg/100g)
	Vitamin K(µg/100g)

	PB217
	575.23± 0.23c
	33100± 10.00a
	28.44± 0.04d

	GT1
	578.90± 0.11a
	29170± 0.00d
	28.55± 0.12c

	IRCA41
	570.54± 0.34d
	32440± 20.00b
	29.28± 0.03a

	IRCA230
	576.65± 0.19b
	22250± 30.00e
	29.33± 0.00a

	IRCA331
	565.87± 0.21e
	30080± 10.00c
	29.07± 0.01b

	P
	< 0.0001
	< 0,0001
	< 0,0001


The means ± standard deviation assigned different letters at each parameter level in each column are significantly different at p < 0.05 according to Duncan's test.


CORRELATION BETWEEN VITAMINS AND FATTY ACIDS IN ALMOND OILS FROM FIVE RUBBER TREE CLONES
Significant correlations were observed between vitamins and fatty acids (Table III)
Thus, vitamin E content was positively correlated with lauric acid (r=0.65) and oleic acid (r=0.74) but negatively correlated with gadoleic acid (r= -0.71). Vitamin K showed a negative correlation with lauric acid (r = -0.80) and vitamin A was positively correlated with gadoleic acid (r = 0.70). 
Myristic acid showed a negative correlation with linolenic acid (r = -0.78) and vitamin K (r = -0.80).
Palmitic acid was negatively correlated with oleic acid (r = -0.72) and linoleic acid (r = -0.83) but positively correlated with stearic acid (r = 0.63).
Finally, stearic acid was negatively correlated (r = -0.91) with linoleic acid.





Table III: Correlation matrix between vitamins and fatty acids in almond oils from rubber tree seeds
	Variables
	Vitamin E
	Vitamin K
	Vitamin A
	Lauric acid
	Myristic acid
	Palmitic acid
	Stearic acid
	Oleic acid
	Linoleic acid
	Linolenic acid
	Gadoleic acid

	Vitamin E
	1
	
	
	
	
	
	
	
	
	
	

	Vitamin K
	-0.48
	1
	
	
	
	
	
	
	
	
	

	Vitamin A
	-0.35
	-0.43
	1
	
	
	
	
	
	
	
	

	Lauric acid
	0.65
	-0.80
	-0.04
	1
	
	
	
	
	
	
	

	Myristic acid
	0.10
	0.04
	0.39
	-0.49
	1
	
	
	
	
	
	

	Palmitic acid
	-0.16
	0.57
	-0.05
	-0.27
	-0.07
	1
	
	
	
	
	

	Stearic acid
	0.31
	-0.23
	0.43
	0.28
	0.19
	0.63
	1
	
	
	
	

	Oleic acid
	0.74
	-0.45
	-0.39
	0.40
	0.18
	-0.72
	-0.35
	1
	
	
	

	Linoleic acid
	-0.24
	-0.17
	-0.18
	0.03
	-0.28
	-0.83
	-0.91
	0.42
	1
	
	

	Linolenic acid
	-0.51
	-0.14
	0.23
	0.30
	-0.79
	0.10
	-0.02
	-0.56
	0.21
	1
	

	Gadoleic acid
	-0.71
	-0.23
	0.70
	-0.22
	0.07
	-0.46
	-0.32
	-0.28
	0.52
	0.45
	1



In bold, the values of significant correlations at the alpha threshold = 0.05


DESCRIPTION OF THE VARIABILITY OF VITAMINS AND FATTY ACIDS IN ALMOND OILS FROM FIVE RUBBER TREE CLONES
Principal component analysis (PCA) was performed using the first three axes with eigenvalues greater than 1. The three axes together account for 81.45% of the total variability (Table IV).
Axis 1 accounted for 30.91% of the total variability. The variables that contributed most to the formation of this axis were palmitic and oleic acids.
Axis 2 accounted for 59.86% of the total variability. The variables that contributed most to the formation of this axis were vitamin E, stearic acid, linoleic acid, and gadoleic acid.
Axis 3 accounted for 81.46% of the total variability. The variables that contributed most to the formation of this axis were linolenic acid, lauric acid, and vitamin K.


Table IV: Matrix of eigenvalues and correlation between variables and principal axes
	
	Axe 1
	Axe 2
	Axe 3

	Eigenvalue
	3.40
	3.18
	2.38

	Variability (%)
	30.91
	28.95
	21.59

	Cumulative %
	30.91
	59.86
	81.45

	Vitamin E
	0.63
	-0.77
	-0.12

	Vitamin K
	-0.62
	0.01
	0.73

	Vitamin A
	-0.31
	0.27
	-0.57

	Lauric acid
	0.59
	-0.24
	-0.72

	Myristic acid
	-0.08
	-0.27
	0.35

	Palmitic acid
	-0.84
	-0.47
	-0.04

	Stearic acid
	-0.42
	-0.67
	-0.59

	Oleic acid
	0.94
	-0.22
	0.24

	Linoleic acid
	0.59
	0.77
	0.22

	Linolenic acid
	-0.24
	0.57
	-0.61

	Gadoleic acid
	-0.09
	0.87
	-0.23





COMPARATIVE STUDY OF SEEDS FROM FIVE RUBBER TREE CLONES BASED ON THE VITAMIN AND FATTY ACID CONTENT OF THEIR OIL
An ascending hierarchical classification (AHC) was performed to compare the five rubber tree clones based on the vitamin and fatty acid content of their oil. This allowed three main groups to be identified (Figure 1) 
Group 1 consists of clones IRCA41 and PB217. This group had high vitamin E content.
Group 2 consists of clones GT1 and IRCA331. This group is distinguished by high levels of vitamin K and lauric, myristic, palmitic, stearic, oleic, linoleic, linolenic, and gadoleic acids.
Group 3 consists of clone IRCA230 and is distinguished by its high vitamin A content.
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Figure 1: Ascending hierarchical classification with significant variables for vitamins and fatty acids in oil from rubber tree seeds



DISCUSSION

Chromatographic analysis reveals that the almond oil from the five rubber tree clones consists mainly of unsaturated fatty acids, the most abundant of which are oleic acid (18.69-19%) and linoleic acid (54.48-55.32%). The fatty acid contents are within the same ranges as those reported by (Alam et al., 2024) for rubber seed oil from different regions of Bangladesh. These oils are rich in saturated fatty acids (74.27-76.00%), among which polyunsaturated fatty acids are the most abundant, accounting for approximately 55%. These polyunsaturated fatty acid contents are higher than those of avocado oil (15.5%) and safou oil (25.2%) and similar to those of Irobo rubber seeds (Chalon, 2001; Koffi et al., 2022). This high unsaturated acid content could be linked to variations in certain environmental factors (temperature, rainfall, exposure to sunlight) that can have an impact on the biosynthesis and accumulation of specific fatty acids in the seeds (Oyekunle et al., 2024) . The mono- and polyunsaturated acid content of our oils corroborates that of cottonseed oil (42-52% polyunsaturated fatty acids and 18-24% monounsaturated fatty acids) (Grosshagauer et al., 2019). According to (Law, 2000), oils rich in unsaturated acids have beneficial nutritional and health effects. Due to their high polyunsaturated acid content, these oils can be used in cosmetics because they help ensure good fluidity of cell membranes in the skin (Das, 2006). Linoleic acid, which is the most abundant acid in these oils, is an essential fatty acid because the human body is unable to synthesize it. The linoleic acid content is higher than that of olive oil (11.72%), cashew nut oil (23.75%), and soybean oil (7.8%) (Dubois et al., 2007) (Cicero et al., 2018; Kouakou et al., 2024) . The oleic, linoleic, and palmitic acid content of these oils means that they remain stable during frying without forming trans fatty acids (Riaz et al., 2023). The use of these oils could therefore help combat obesity and cardiovascular disease. In addition, the presence of linoleic and linolenic acids in vegetable oils helps patients with dyslipidemia regulate their plasma triglyceride levels while lowering blood pressure (Grosshagauer et al., 2019). Thanks to its fatty acid composition, the oil from the five almond clones has potential uses in the food, pharmaceutical, cosmetics, biofuel, and coatings industries (Koffi et al., 2022).
A vitamin is an important micronutrient that the body needs in small amounts to function properly (Rafeeq et al., 2020). The levels of vitamins A, E, and K varied from one clone to another. The vitamin A content obtained in our oils is higher than that of shea butter (0.065µg/g) (Mégnanou & Niamké, 2021). Similarly, the vitamin E content obtained in our oils is higher than that of palm oil (864-1124 µg/g); cashew oil (6.60mg/100g); pistachio oil (24.49mg/100g), and soybean oil (12.37mg/100g) (Monde et al., 2009) (Yada et al., 2011) (Bonku & Yu, 2020). The variation in vitamins (A, E, K) can be attributed to genetic differences between clones and environmental conditions during plant growth (Alicia et al., 2006). When faced with certain constraints such as drought, excessive light, or high temperatures, plants defend themselves by increasing their production of vitamin E to combat oxidative stress (Meena et al., 2025) . The presence of these vitamins in oils is thought to confer health benefits by meeting the daily vitamin E requirements recommended by the World Health Organization of 7.5 to 15 mg per day (Nakonechna et al., 2024). Considered one of the most powerful antioxidants, the vitamin E contained in these oils protects against oxidative damage caused by free radicals (Kemnic & Coleman, 2023; Sauvant & Azaïs-Braesco, 2001) . It helps reduce bad cholesterol (LDL), which leads to a reduction in cardiovascular disease (Kemnic & Coleman, 2023). In terms of skin health, vitamin E promotes health by combating dryness, itching, inflammation, and skin cancer, while promoting rapid wound healing (Abdalla et al., 2024; Kemnic & Coleman, 2023) . The vitamin E content in our oils increases their shelf life because this vitamin has strong antioxidant potential (Grosshagauer et al., 2019).  Similarly, rubber tree oils are an important source of vitamins A and K, and their use in food will have beneficial effects. Although they are important sources of vitamins A and K, the presence of these vitamins in oils will have beneficial effects. Vitamin A can fight free radicals because its precursor (carotenoids) has antioxidant properties (Rafeeq et al., 2020). Vitamin K plays a role in blood clotting and in preventing vascular calcification (Bus & Szterk, 2021).


4. Conclusion

The objective of this study was to determine the fatty acid and vitamin profile of almond oil from the seeds of five rubber tree clones commonly used in Côte d'Ivoire. The results showed that the almond oils from the five clones are rich in unsaturated fatty acids (linoleic and oleic acids) and three fat-soluble vitamins (A, E, and K). The IRCA 230 clone had the highest levels of linoleic acid and vitamin K. The highest levels of oleic acid and vitamin A were obtained with the GT1 clone. The PB217 clone produced the highest levels of palmitic acid and vitamin E. Given their fatty acid and vitamin profiles, these almond oils from the five rubber tree clones may have multiple beneficial advantages and can be used in various fields. For future studies, it would be crucial to assess the toxicity of these oils for use in human food.
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