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 Background: Rubber tree is one of the abundant natural resources found in Malaysia 

covering more than 1.2 million ha with approximately 150 kg of rubber seeds per ha.  It 
is primarily grown for latex production as a source of foreign exchange.  Although in 

most cases the seed is underutilized, the tree produces oil-bearing seed whose oil 

content is far more than that obtainable in jatropha and karanja seeds.  The extracted oil 
from rubber seed has non-edible property.  This property is a great potential to 

replace/substitute other edible oils such as palm oil, coconut oil, etc and become a 

prominent raw material in biodiesel production or other industrial applications during 
periods of high food sector demand.  In this research, soxhlet extraction method is used 

to extract the oil from the seeds and then characterized.  Objective: The objective of 

the research is to investigate the effects of seeds to solvent mass ratio, temperature, and 
seeds sizes to the oil yield from the Malaysian rubber seeds.  Besides, the study also 

aims to investigate the effect of storage on the increase in acid value and to compare 

some of its physical properties with rubber seed oil from other places and with other 
oils. Results: It was found that, the highest oil obtained was 40 % at 1:6 mass ratio, 

temperature of 65 oC, and 150 µm seeds size. Then, the oil was characterized for the 
following parameters: saponification value (179.6 mg/g), ester value (143.6), viscosity 

(12.6 cP), acid value (34.0 mgKOH/mg), specific gravity at 20 oC (0.873 kg/m3), color 

(dark brown), moisture content (1.5 wt %), and density at 20 oC (0.897 g/m3) etc. 
Moreover, it was observed that, the properties of rubber seeds oil obtained are in 

agreement with the properties of RSO from other places and those of other oils. 

Conclusion: The characteristic features of RSO from this study shows that RSO can be 
exploited in the production of environmentally friendly oil and in other industrial 

application. Also, it can be concluded that, acid value/FFA increases with the time 

keeping or storage of the seeds.  
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INTRODUCTION 

 

 The rubber tree (Hevea brasiliensis) is exploited mainly for latex in view of its economic importance. 

Research has shown that the seed of rubber tree is a rich source of oil that is comparable in quality to dry oils 

(Aigbodion, 1994; Eka, 1978 and Uzu et al., 1986). The auxiliary products, namely, wood and the seeds are 

mostly neglected. Of these two products, the seeds have the greatest potential and are in abundance in Malaysia. 

At present rubber seed does not find any major applications and hence even the natural production of seeds itself 

remain underutilized (Husin, 1981; Nwankwo, 1985). The trees are planted on more than 1.2 million ha land all 

over the country (Malaysia)  and each hectare can give an approximate amount of 150 kg of rubber seeds 

(Yusup & Khan, 2010). However, this yield of the seeds is influence by factors such as abnormal leaf and 

phytophora diseases, species and weather (George, 2006). The oil content in the dried kernel varies from 35 to 

45%. It is semi-drying and consists of 17-22% saturated fatty acids and 24-82% unsaturated fatty acids, and is 

comparable to drying oils commonly used in surface coating (Aigbodion & Pillai, 2000). Rubber seed oil (RSO) 

has been found to have potential applications in many areas amongst which are in the production of biodiesel as 

fuel for compression engines (Ikwuagwu, 2000; Ramadhas et al., 2005), foaming agent in latex foam, in the 

synthesis of alkyd resin used in paints and coatings (Aigbodion & Pillai, 2000) and several other uses (Iyayi, 

2007). Therefore RSO has the potential to replace/substitute for edible oils such as palm oil, coconut oil, etc. as 
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a raw material for biodiesel production and other industrial uses during periods of high food sector demand. 

Currently, the main product of the rubber tree is rubber milk or latex, the raw material for rubber industries. A 

rubber seed is a byproduct. The kernels constitute 35 to 45% of the seeds and contain 40 to 50% brown oil 

(Iman et al., 2006).  

 The extraction and characterization of oils from rubber seeds have been carried out extensively for the oil 

from different geographical origin (Aigbodion & Pillai, 2000). It becomes important to obtain specific data for 

sample of rubber seed oil from a particular area because there is a range of variation in the physicochemical 

parameters of the oil due to environmental factors such as rain-fall, soil fertility, agronomic practices, 

maturation period and genetic substitution (Asuquo et al., 2012).  

 This study is aimed at the extraction and characterization of rubber seed oil by soxhlet extraction process 

from the seeds of Malaysian rubber tree and also to investigate the influence of seed to solvent mass ratio, 

temperature, and seeds sizes on the oil yield in order to obtain specific data for the oil from this part of the 

country and compare with the RSO from other places and with other oils. Also to investigate the effect of 

storage on the increase in acid value. 

MATERIAL AND METHOOD 

 

 Rubber trees yield 3-seeded ellipsoidal capsules, each of which contains one seed. Rubber seeds are 

ellipsoidal, variable in size, 2.5–3cm long, mottled brown, lustrous, weighing 2–4 g each. Capsules are spread 

over the ground in rubber plantation. The seeds were collected from a plantation nearby Universiti Teknologi 

PETRONAS, Perak, Malaysia and were dried under the sun for about three hours in order to remove the 

remaining moisture, and then the kernels were separated by breaking the capsules. The kernels were dried in the 

oven for about 24 hours to remove the remaining moisture. The seeds were immediately ground using food 

processing machine. Subsequently, the ground rubber seed were dried overnight at 104 
o
C in order to deactivate 

the remaining enzyme as well as to remove the moisture and then sieved using 300, 350 and 400 µm opening 

screens. Finally three different size fractions were obtained; 150 µm (0-300 µm), 325 µm (300-350 µm), and 

375 µm (350-400 µm). 

 

Sample characterization: 

 The recommended methods of the Association of Official Analytical Chemists (AOAC, 1984) were adopted 

to determine the levels of ash and water content from the seeds. 

 

Oil extraction by soxhlet extraction process: 

 Rubber seed oil was extracted using the Soxhlet extraction method. 250 g of solvent (n-hexane) was poured 

into a round bottom flask and 50 g of the sample were placed into the center of the extractor through thimble. 

The flask containing hexane was heated till the solvent boils. During the steady state of extraction, the extract 

seeped through the pore of the thimble and filled the siphon tube, where it flowed back down into the round 

bottom flask. The flask containing the mixture was connected to rotary evaporator and heated up to 60 – 65 
o
C, 

the oil extract weight was taken where about 38-40% of the oil recovered.  

 The oil yield was calculated for all treatments using the expression below (R. O. Ebewele1 et al., 2010): 

 

 
Where,  

Y = Oil yield (%),  

Mo = Mass of oil extracted (g) 

Mm = Mass of milled rubber seed kernel used in the experiments (g).  

 

 The experiments were carried to investigate the effects of seeds to solvent mass ratio, temperature, and 

seeds sizes on the oil yield. 

 

Physicochemical Characterization: 

 Standard procedures of American Society for Testing and Material (ASTM and EN 14104) were followed 

for saponification value, free fatty acid/acid value determination by titration (Asuquo et al., 2012) as well as 

other parameters, (AOAC. Official Methods of Analysis., 1997). 

 

Effect of acid value/FFA change during storage: 

 The acid value/FFA content of rubber seed was investigated in this research. The rubber seeds after 

collection from the plantation were kept in the laboratory at room temperature and the oil extracted using 

soxhlet extraction methood with n hexane as a solvent and the acid value was determined after extraction by 

titration methood using EN 14104 standard.  
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RESULT AND DISCUSSION 

 

Rubber seeds characterization: 

 
Table 1: Characteristics of rubber seed. 

Variables Values (%) 

Water content 3.30 

Ash content 2.88 

Oil 38.8 

 

 Water content or moisture content is the quantity of water contained in a material, such as in soil (called soil 

moisture), fruit, seeds or wood. Water content is used in a wide range of scientific and technical areas, and is 

expressed as a ratio, which can range from 0 (completely dry) to the value of the materials' porosity at saturation 

(AbdulShokib et al., 2010). It was determined by measuring the mass of rubber seeds before and after the water 

is removed by evaporation.  

 For many samples, the water content may be an extremely important index used for establishing the 

relationship between the samples/rubber seeds and its properties. The consistency of a fine-grained seeds largely 

depends on its water content. The water content is also used in expressing the phase relationships of air, water, 

and solids in a given volume of seeds (Asuquo et al., 2012). In this research, a Malaysian rubber seeds was 

found with less than 3.3 % water content as shown in the table above which makes it suitable in extracting the 

oil. 

 Ash content is the name given to all non-aqueous residue that remains after a sample is burned, which 

consists mostly of metal oxides. Ashing is the process of mineralization for pre-concentration of trace 

substances prior to chemical analysis (Abdulshokibe et al., 2010). In this research, Malaysian rubber seeds was 

found to have 2.88 %  as shown in the table, and the result was found to be very similar with that of (Widayat 

and Suherman, 2012). 

 

Effect of storage on acid value: 

 The acid value/FFA content of rubber seed was investigated in this research. The rubber seeds after 

collection were kept at room temperature and the oil extracted using soxhlet extraction methood with n hexane 

as a solvent and the acid value was determined by titration methood using EN 14104 standard. It was found that, 

the acid value content was 34mgKOH/g at the initial stage but increased with the times keeping the rubber seeds 

before extracting oil. The crude rubber seed oil used in this study after seven (7) moths of storage at room 

temperature has acid value content of 85mgKOH/g as shown in the figure below. 

 The freshness of the oil is related to acid value of the feedstock, while the feedstock/seeds may generate the 

free fatty acids during longer storage due to the enzyme activities. Hence the acid value becomes one of the 

important quality targets to determine the purity of oil. Acid value, which defined as the amount of the free fatty 

acids contained in each gram of the oil determined by the neutral reagent, KOH, denoted as mgKOH/g 

(Thaiyasuit, 2009). The acid values determined from the tested rubber seeds stored in a container at room 

temperature at storage time of seven (7) months, the acid value increases for these seeds with the storage time 

increased, which suggests the storage time did affect and increase the acid value of the rubber seeds.  

 

 
 

Fig. 1: Effect of seeds storage on acid value. 

 

 Acid value is used to quantify the amount of acid present, for example in a sample of biodiesel (Thaiyasuit 

and Kulachate, 2009). It is the measure of acid concentration in a non-aqueous solution or in a sample of 

biodiesel. It is determined by the amount of potassium hydroxide (KOH) base required to neutralize the acid in 

one gram of an oil sample. The standard unit of measure is mg KOH/g. Acid value does not represent the 
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absolute acid concentration of the oil sample. It measurement detects both weak organic acids and strong 

inorganic acids. A change in the acid concentration of oil can originate from multiple sources. Acidic 

contaminants, alkaline-reserve depletion and oxidation by-products can cause an increase in acid concentration 

(Thaiyasuit and Kulachate, 2009).  

 

Effect of mass ratio on the oil yield:.  

 The most important variables affecting the oil yield during soxhlet extraction process is mass ratio of seeds 

to solvents. Mass ratio is known to affect the oil yield by soxhlet extraction methood from rubber seeds. In this 

experiment, different mass ratio of seeds to solvent (hexane) in the range of 1:3 up to 1:6 was tested, it was 

found that the proper mass ratio which gave higher yield (40%) was 1:5, (50 g seeds with 250 g hexane). Further 

increases in the mass ratio to 1:6 lead to a decreases in the yield as shown in the figure below.  

 

 
 

Fig. 2: Effect of hexane to seed mass ratio on the yield. 

 

Effect of temperature on the oil yield: 

 Temperature was found to affect the yield of rubber seed. It was observed that oil yield increased initially 

with increasing temperature and then subsequently decreased with further increase in temperature. The optimum 

oil yield was obtained at 65 °C. The reason for the increase in yield is that, increase in temperature is believed to 

facilitate the breaking of the seeds cell walls, thereby creating a void which serves as migratory space for the 

contents of the oil bearing cells (Adeeko and Ajibola, 1990). Temperature also lowers the viscosity of the oil, 

thus facilitating the release of the oil out of the kernel (Ajibola et al., 1993; Nwithiga, 2007). Though, at higher 

temperature, there is substantial loss of moisture leading to a hardening of samples (Alonge et al., 2003) and oil 

degradation (Nwithiga, 2007). This may account for the decrease in the yield at higher temperature (Nwithiga, 

2007; Thaiyasuit and Kulachate, 2009).  

 

 
 

Fig. 3: Effect of temperature on the yield. 

 

 The positive effect of temperature observed for oil recovery for RSO has also been reported for cottonseed  

(Hickox, 1953). It was observed that at higher temperature above 65 
0
C the color of the oil turned dark brown. 
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Effects of particle sizes on the oil yield: 

 Figure below presents the effect of particle size on oil yield of seeds from rubber seeds. In each of the 

experiment, it is observed that the yield decreased with increase in the particle size. The highest oil yield for the 

seeds was obtained at the smallest particle size of 150 µm while the lowest oil yield was obtained at the highest 

particle size of 375 µm. 

 

 
 

Fig. 4: Effect of particle sizes on the yield (%). 

 

 Similar results were obtained by (Ebewele et al., 2010) while extracting oil from the Nigerian rubber seeds. 

They found that total oil recovery was increased as the sizes of the seeds decreases. This phenomenon could be 

attributed to the fact that smaller particles have larger amount of surface area as well as an increased number of 

broken cells resulting in a high oil concentration at the particle surface. Little diffusion into the particles surface 

takes place; therefore, the amount of oil available for extraction is proportional to the surface area.  (Asuquo et 

al., 2012) while investigating the extraction of oil from rubber seed posited also that larger particles present 

smaller contact surface areas and are more resistant to solvent entrance and oil diffusion. Therefore, less amount 

of oil will be transferred from inside the larger particles to the surrounding solution compared to the smaller one. 

The oil yield obtained from the seeds of the different rubber seeds compared favorably with oil yield reported 

for rubber seeds from other places (Asuquo et al., 2012) and other vegetable oils such as cottonseed, soybean, 

groundnut, and palm oil. Therefore, the rubber seeds from this study are rich in oil yield. 

 

Rubber seed oil characterization: 

 
Table 2: Physical properties of the oil obtained in comparison with other rubber seeds oil. 

S/N Property RSO (Asuquo et 

al., 2012) 

RSO 

(Ebewele et 
al., 2010) 

This work Method 

1 Color Dark brown Dark brown Dark brown  

2 Density at 20oC(g/cm3) NA NA 0.897 By density meter DMA 4500M 

3 Specific gravity at 20oC 
(k/gm3) 

0.92 0.943 0.873 By density meter DMA 4500M 

4 Pour point (oC) NA NA 4.7 ASTM D97 by CPP5GS 

5 Moisture content (w %) 8.6 NA 1.5 Halogen moisture content analyzer  

HR83 

6 Acid value (mgKOH/g) 1.68 37.96 34.0 ASTM method (titration) 

7 Free fatty acid (wt%) 0.84 18.98 17.0 Divide the acid value by two (2) 

8 Saponification value 

(mg/g) 

193.61 226.02 179.6 ASTM method (titration) 

9 Viscosity at 40oC (cP) 10.32 NA 12.6 CAP1000+ Viscometer 

10 Ester value 191.93 NA 143.6 By subtracting acid value from 
saporincation value 

NA = Not available 

 

 Rubber seed oil was characterized and the results are shown in Table 2 above. Standard procedures of 

American Society for Testing and Material (ASTM and EN 14104) were followed for saponification value, free 

fatty acid, and acid value determination by titration (Asuquo et al., 2012). Color was observed from its physical 

appearance. Density and specific gravity at 20
o
C were determined by density meter DMA 4500M. Viscosity, 

pour point, and moisture content were determined by CAP 1000+ viscometer, CPP5GS cloud point meter and 

halogen moisture content analyzer HR83 respectively. Ester value was obtained by subtracting the acid value 

from the saponification value, (Asuquo et al., 2012). 
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How Malaysian rubber seed oil compared with other rubber seeds oil from other places and with other oils: 

 Table 2 shows the results of the physicochemical properties of Malaysian rubber seed oil (RSO). The 

viscosity value (12.9 cP) obtained is higher than that obtained by Asuquo et al., from the Nigerian RSO (10.32 

cP) (Asuquo et al., 2012) and lower than those of other oils e.g. castor oil (13.02 cP), shear butter oil (17.78 cP), 

and crambe oil (27.20 cP) (Asuquo and Anusiem, 2010). 

 The specific gravity of RSO was found to be 0.873 indicating that the oil is less dense than water. The 

specific gravity obtained for RSO in this study is almost similar to those of other oils e.g. shear butter oil (0.92) 

and castor seed oil (0.96) (Asuquo et al., 2012), Nigerian RSO (0.92) (Asuquo et al., 2012) and also for peanut 

and rapeseed oils which are 0.89 and 0.91 respectively (Ali and Pramanik 2012). Aigbodion and Bakare (2005) 

reported a specific gravity of 0.92 for RSO obtained from the Rubber Research Institute of Nigeria (RRIN). 

 Moisture content (MC) is the measurement of the loss of weight due to drying at a temperature of 105
o
C 

(Uqaili et al., 2012). The percentage moisture content of 1.5 wt% obtained for RSO in this study is lower than 

those obtained from the Nigerian Rubber seed oil of 8.6 wt% (Asuquo et al., 2012) and also that of shear butter 

oil (10 wt%) and castor seed oil (8 wt%) (Asuquo et al., 2010). Low moisture content is an indication of good 

shelf life for the oil. Low moisture content of oil might be as a result of effectiveness of the distillation apparatus 

used for recovering the oil (Asuquo et al., 2010). 

 Saponification value helps to determine the gravity of potassium hydroxide (in mg) needed to neutralize the 

acids and saponify the esters contained in 1g of the lipid (Asuquo et al., 2010). However, the saponification 

value (180.0 mg/g) obtained for RSO in this study is lower than those of common oils such as soybean (189 – 

195 mg/g), peanut oil (187 – 196 mg/g) and cotton seed oil (189 – 198 mg/g). The saponification value obtained 

for RSO in this study shows that it is suitable for soap making. However, in comparison with palm oil with 

saponification value of 111 mg/g, RSO is higher ( Bashar and Jumat, 2009). The saponification value obtained 

for RSO in this study is also is lower than 203 mg/g reported for RSO obtained from Edo State Nigeria, 182.12 

± 0.27 mg/g reported by Aigbodion and Bakare, 2005 and 193.61 mg/g  by (Asuquo et al., 2012). 

 From the results in Table 2, RSO has a dark brown color similar to the dark color reported for RSO 

obtained from the rubber research institute of Nigeria (Asuquo et al., 2010). This indicates that in its natural 

form, RSO is only suitable in applications where bright color is not the major consideration e.g. pigmented 

coatings. However, it is possible to enhance the color of the oil by bleaching (Asuquo et al., 2012). 

 The ester value of 143.6 obtained for RSO in this study is lower than that obtained for Nigerian RSO 

(Asuquo et al., 2012), shear butter oil (183.4) and castor oil (174.09) (Asuquo et al., 2010). Ester value 

represents the number of milligrams of potassium hydroxide required to saponify the esters present in 1 kg of 

the oil. It is obtained as the difference between the saponification value and the acid value (Asuquo et al., 2012). 

 The acid value (34.0 mgKOH/g) obtained in this study is higher than that reported for Nigerian RSO (1.68 

mgKOH/g) ( Asuquo et al., 2012) and peanut and rapeseed oils (0.71 and 0.62 mgKOH/g) (Ali et al., 2012) but 

lower than RSO obtained from the RRIN (43.62 mgKOH/g) (Bashar and Jumat, 2009). The value is higher than 

the standard acid value for organic oil which is 2. Therefore, two step systems must be adopted if it will be used 

for making biodiesel in order to lower the value (Asuquo et al., 2010). Acid value measures the degree of 

unsaturation of oil. It corresponds to the amount of potassium hydroxide needed to neutralize free fatty acids. 

The lower the acid value of oil, the lower free fatty acids it contains and vice versa (Asuquo et al., 2010). Acid 

value varies according to the extraction method with high acidity by Soxhlet method due to the onset of 

oxidation (Asuquo et al., 2010). Acid value can be used to check the level of oxidative deterioration of the oil by 

enzymatic or chemical oxidation. 

 

Conclusion: 

 This study was aimed to investigate the influence of solvent to seeds mass ratio, temperature, and seeds 

sizes to the oil yield and it was found that, both parameters has a great influence to the oil yield. It was also 

found that, the highest oil obtained was 40 % at 1:6 mass ratio, temperature of 65 
o
C, and 150 µm seeds size. 

Moreover, it was observed that, the properties of rubber seeds oil obtained are in agreement with the properties 

of RSO from other places and those of other oils. The characteristic features of RSO can be exploited in the 

production of environmentally friendly solvent such as biodiesel and in other industrial applications. Also, it can 

be concluded that, acid value/FFA increases with the time keeping or storage of the seeds.  
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