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Microemulsion-Based Palm Kernel Oil Extraction using Surfactant Solution 

Nor Bainun binti Ismail 

 
Resource Chemistry Programme 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

 

ABSTRACT 

Vegetable oils have been used widely as raw material for biodiesel production. The usage of solvent extraction 

with hexane is not favorable due to adverse effect to human and environment. In this study, microemulsion-based 

extraction of palm kernel oil using nonionic surfactant Brij-30 was used as an alternative method to replace 

solvent extraction. The quality of oil extracted by solvent and microemulsion-based extractions was also 

compared. Dried and ground palm kernel (0.2-0.5 mm) was shaken with surfactant on rotary shaker at 150 rpm 

for every parameter. Parameters that were studied to find the optimum oil extraction conditions are weight of 

sample, surfactant concentration, contact time and temperature. Once the optimum conditions were obtained, 

solvent extraction was done for comparison. Physical appearances, extraction efficiency and Fourier Transform 

Infrared (FTIR) characterization for both extractions were compared. Based on the result obtained, optimum 

conditions for microemulsion-based extraction are 30 minutes contact time, 1g weight of sample, 0.015 M 

surfactant concentration and room temperature 25
o
C. Extraction efficiency by using solvent yield highest oil, 

88.5% compared to microemulsion-based extraction, 59.2%.  

Keyword: microemulsion, palm kernel, surfactant, solvent extraction, parameter. 

 

ABSTRAK 

Minyak sayuran telah digunakan secara meluas sebagai bahan mentah untuk penghasilan biodiesel. 

Pengekstrakan menggunakan pelarut seperti  heksana tidak digemari kerana kesan yang memudaratkan 

terhadap manusia dan juga alam sekitar. Dalam kajian ini, pengekstrakan minyak sirong sawit berasaskan 

mikroemulsi menggunakan surfaktan bukan ionik,  Brij-30 telah digunakan sebagai kaedah alternatif 

menggantikan pengekstrakan menggunakan pelarut. Kualiti minyak antara pengekstrakan pelarut dan 

mikroemulsi berasaskan surfaktan juga dibandingkan. Sampel isirong sawit yang telah dikeringkan dan dikisar 

sehingga saiz 0.2-0.5 mm digoncangkan bersama surfaktan menggunakan penggoncang putar  pada 150 rpm 

untuk setiap parameter. Parameter yang dikaji untuk mencari keadaan pengekstrakan minyak yang optimum 

adalah berat sampel, kepekatan surfaktan, masa sentuhan dan suhu. Apabila keadaan optimum telah diperolehi, 

pengekstrakan pelarut menggunakan heksana dilakukan untuk perbandingan. Keadaan fizikal, kecekapan 

pengekstrakan dan kaedah spektroskopi merah (FTIR) untuk kedua-dua jenis pengekstrakan dibandingkan. 

Berdasarkan keputusan yang diperolehi, keadaan optimum pengekstrakan berasaskan mikroemulsi adalah  masa 

sentuhan 30 minit, 1g berat sampel, kepekatan surfaktan 0.015 M dan suhu pada 25
o
C. Pengekstrakan 

berasaskan pelarut adalah lebih tinggi iaitu 88.5% berbanding pengekstrakan berasaskan mikroemulsi, 59.2%.  

Kata kunci: mikroemulsi, kelapa sawit, surfaktan, ekstraktan pelarut, parameter. 
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CHAPTER 1 

INTRODUCTION  

Energy is an important input to all aspects of human activities. Usages of energy are widely 

applicable for industries and agricultural production, fuel for transportation as well as for the 

generation of electricity in conventional thermal power plants (Jekayinfa & Bamgboye, 2004). 

According to Naksuk et al. (2009), oil-bearing crops have become an option as a raw material 

for biofuel due to the energy crisis. There are a few examples of oil-bearing crops that have 

been used widely such as soybean (Glycine max), rape seed (Brassica napus), sunflower 

(Helianthus annus), and oil palm (Elaeis guineensis) (Ayhan, 2005). In this study, oil palm 

(Elaeis guineensis) was used as the raw material for oil extraction. 

According to Naksuk et al. (2009), there are a few methods of extraction that can be used to 

extract vegetable oil which is mechanical and solvent extraction. Apart from those two 

methods, there is other method used for oil extraction. Aqueous extraction can also be used as 

alternative extraction method (Do & Sabatini, 2010). In addition to that, extraction using 

liquid or supercritical gases can also be applied to extract vegetable oil (Aleksovski et al., 

1998). Solvent extraction is the most common method that is being used widely to obtain 

vegetable oils. The most common type of solvent used is hexane (Naksuk et al., 2009). 

The most cost-effective oil recovery method for oilseed processing is hexane extractions that 

cause a production of residual oil content below 1%. However, hexane is considered as highly 

flammable material, hence the extraction process demand an expensive plant that is fully 

equipped in order to handle the solvent. In addition, the usage of residual hexane in the 

commercial oil will eventually affect the consumer health (Wu et al., 2011). 
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Since hexane is considered as hazardous and highly volatile solvent, therefore, 

microemulsion-based extraction is used as an alternative method to replace hexane in 

vegetable oil extraction (Naksuk et al., 2009). In addition, this method does not pollute the 

environment since the surfactant that was used is non-toxic and biodegradable. 

Microemulsions are isotropic, have low viscosity and thermodynamically stable solutions. It is 

formed when a single phase is added by a surfactant or mixture surfactant or co-surfactant into 

two immiscible liquid such as water and oil (Raman et al., 2003).  

The concentrations at which the micelle forms are known as critical micelle concentration. 

The critical micelle concentration (CMC) is important tool that is used for the selection of 

surfactants for certain applications or properties. Micelles are small colloidal particles that are 

clot together to form a larger particle (Hargreaves, 2003). 
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The Objectives of this study are: 

 

1. To investigate the usage of surfactant microemulsion-based process for oil 

extraction from palm kernel seed. 

2. To determine the optimum condition of palm kernel oil extraction. 

3. To compare the quality of oil extracted from solvent extraction and microemulsion-

based extraction.  
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CHAPTER 2  

LITERATURE REVIEW 

2.1 Oil Palm 

Malaysia is a global leader in oil palm plantations, production and export of palm products. 

The development of palm oil in Malaysia has been started off as ornamental, however it has 

been developed to the multi billion ringgit industries as what we can see today. According to 

Malaysian Palm Oil Board (2011), the total productions of palm kernel oil in July 2011 is 

264,049 tonnes. As the productions of palm kernel oil become a demand in the industries, it 

eventually shows an increment in August 2011 which is 275,185 tonnes. Oil palm (Elaeis 

guineensis) is an ancient plant that still grows wildly in West Africa. The oil that has been 

extracted from the fruits has been used widely as sources of food and medicine during ancient 

time (Mosto, 2004). He also added that the fruit produces two oils which are palm oil from the 

outer mesocarp and palm oil from the seed or kernel (Figure 2.1). Other than extraction of oil, 

other parts of palm kernel can also be recyclable. Some of the palm kernel wastes are used as 

animal feed. In addition, fuel and activated charcoal can be produced by cracking of the shell.  

 

Figure 2.1 Palm Oil Fruit 
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2.1.1 Chemical Properties of Palm Oil 

Major component of palm oil are made up of triglycerides and fatty acid composition 

triglycerides. The fatty acid chains were varied based their carbon chain length and also the 

presence of double bond. Its variation in number of carbon as well structure can be used to 

define the chemical and physical properties of palm oil. Palm oil contains an equal proportion 

of saturated and unsaturated fatty acid. It is mainly rich in saturated palmitic acid (44%). 

Another 40% is monounsaturated oleic acid and remaining are polyunsaturated fatty acids. 

Minor constituents of palm oil are carotenoids, tocopherols, sterols, triterpenic and aliphatic 

alcohol (Basiron, 2005). 

2.2 Surfactant 

Surfactant is acronym for surface active agent or detergent. It is organic compound that is 

made up of hydrophilic that are covalently bonded to hydrophobic (Zana, 2005). Dominquez 

et al. (1997) categorized surfactant as amphiphilic containing a polar long-chain hydrocarbon 

or known as a “tail” and also polar “head” group. Water is a polar solvent that having a dual 

character of amphiphile which cause micellization. 

Micelles happened when the surfactant molecules arrange between themselves and form 

molecular assemblies. The “tail” groups forming the core of the micelle, meanwhile the polar 

“head” group will be situated at the micelle water interface. Micelles can be cationic, anionic, 

nonionic or zwitterionic depending on the chemical structure of the surfactant. Surfactants are 

chemicals used widely and frequently in modern formulation and carry out functions include 

emulsification, wetting, foaming, dispersion, solubilisation, adsorption and micellization 

(Farn, 2006). 
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2.2.1 Polyoxythylene (4) Laury Ether (Brij-30) 

The surfactant used in this study is Brij-30. Polypxythylene (4) lauryl ether (Brij-30) is a 

nonionic surfactant that is use to lower the toxicity level compared to ionic surfactant.  Among 

other widely used nonionic surfactant such as Tween 80 and Triton X-100, Brij-30 are the 

most biodegradable surfactant (Chan & You, 2010). The molecular formula for Brij-30 is 

C12H25 (OCH2CH2)4OH. The CMC value for brij-30 is in the range of 7 -14.52 mgL
-1 

(Yeh et 

al., 1998). 

2.3 Critical Micelle Concentration (CMC)  

According to Hargreaves (2003), micelles are form when the molecules in the solution are no 

longer exists as a discrete particle where it forms aggregates of colloidal particles. Critical 

micelle concentration (CMC) is used to determine the concentration of aggregation of micelle 

and also to measure surfactant efficiency. He also added that as the length of the surfactant 

hydrocarbon chain increases, the water solubility will be lower, thus decreasing the CMC. 

Hence, when the solubility of surfactant is lower, it then corresponds to a lowering of the 

CMC. CMC can be affected by many factors such as pressure and temperature. However, 

these two factors have a less effect on the micelles properties on the surfactants. Concentration 

of counter ions in solution also affects the CMC of ionic surfactant. The relationship is due to 

the addition of electrolyte which eventually decreases the CMC and the effect increases with 

decreasing charge density of the counter ion (Dominquez et al., 1997). 
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2.4 Microemulsion 

Raman et al. (2003) has studied microemulsion formation by mixture of non-ionic surfactant 

with palm oil and its derivatives. According to them, microemulsion in oil-in-water (O/W) and 

water-in-oil (W/O) using the similar surfactant can often occur but it only happen at a certain 

temperature and also at a different composition. However in their studies, they found that 

vegetable oil such as peanut oil is the most difficult to solubilize in microemulsion since it has 

a long chain triglyceride component.   

Another research done by Kaewpukpa et al. (2008) studied the effects of oil loading and 

surfactant adsorption on oily soil detergency under microemulsion conditions. From their 

research, in order to form microemulsion with motor oil, they used mixed surfactant system of 

branched alcohol propoxylate sulfate sodium salt (Alfoterra 145-3PO), an extended anionic 

surfactant, and secondary alcohol ethoxylate (Tergitol 15-S-5), a nonionic surfactant. Besides 

that, they also studied the oil detachment time at different temperatures (30-50 
O
C) and at 

different total surfactant concentrations (0.04-0.5%). Thus, from these two conditions, they 

found that increase in temperature and surfactant concentration would increase the oil yield. 

However it decreases the oil detachment time. 

2.5 Oil Extraction 

Do and Sabatini (2010) has done a research on aqueous extended-surfactant based method for 

vegetable oil extraction. In their research, they used a method where they dispersed the ground 

oilseed in the aqueous surfactant solution. The reason is to allow the oil that will be extracted 

from the seeds is in the form of separate phase from the aqueous phase. In addition, they also 

had done a research on the impact of pH, shaking intensity as well as the time and seed to 
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liquid ratio on oil yield. They extracted about 93-95% of peanut and canola oil at optimum 

condition with seed to liquid ratio of 1-5, 30 min extraction at 150 rpm and 30 min 

centrifugation at 2,170 g. Therefore, they concluded that the quality of oil produced by 

aqueous extended-surfactant based method is better compared to hexane based extraction. 

Do and Sabatini (2010) have done a research on surfactant concentrations of alkyl-

propoxylate-ethoxylate-sulfate (APES) surfactant and alkyl-propoxylate-sulfate (APS) 

surfactants based on peanut oil and canola oil. According to them, when the surfactant 

concentration below CMC increases, the efficiency of oil extraction also increases for both 

canola and peanut oil. Meanwhile if the surfactant concentration is higher than CMC value, 

the oil extraction will be decreases. In addition, they also mentioned the best surfactant 

concentrations to extract oil are in the range of 0.15 wt% - 0.35 wt% which is above the CMC. 

Study by Nguyen et al. (2010) found that, at room temperature (23
o
C) up to 60

o
C has equal 

amount about 93% of oil extracted. These happen due to rapid mass transfer between oil and 

also surfactant. Thus, concluded that temperature is insensitive towards the extraction of oil. 

Naksuk et al. (2009) found that the contact time up to 30 min had the maximum efficiency and 

the extraction after 30 min tend to decrease. In addition, the interfacial tension and solid 

surface also can be reduced at optimum contact time of 30 min. Having a longer contact time 

will tend to soluble more oil into micelles that leads to less free oil. They found that at weight 

of 1.0 g of palm a kernel seed shows optimum extraction efficiency. They also emphasized 

that when the weight of seeds increases, it eventually decrease the extraction efficiency. This 

is because less penetration of surfactant monomer into the kernel occurs when the mass of 

palm kernel is too high. 
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CHAPTER 3  

MATERIALS AND METHODS 

 

3.1 Materials 

The palm kernel was obtained from a local oil palm plantation in Serian. The surfactant used 

in this study was Brij-30 obtained from Sigma-Aldrich and used as received. Deionized water 

was used in order to prepare the surfactant solutions.  

 

3.2 Methods 

3.2.1 Sample Preparation 

Oil palms were cut into halves by using a sharp knife in order to obtain the kernel. Palm kernel 

was then washed in order to remove all dirt and unwanted substances. Then, the kernel was 

dried in the oven at temperature 100
 o

C. Next, the palm kernel was ground into granules with 

particle size ≤ 0.5mm. The samples were then kept in desiccators which maintain the 

atmosphere of low humidity.  

 

3.2.2 Oil Extraction 

3.2.2.1 Microemulsion-based Extraction 

The ground sample with particle size ≤ 0.5mm was weighed at various amounts. The samples 

were mixed with 20 mL of surfactant solution at different concentration and left on rotary 

shaker at 150 rpm. The oil forming at the top layer was transferred using a dropper and 

transferred onto a petri dish to let it dry in the desiccators in order to obtained oil. The samples 
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which have been extracted were filtered using a filter paper and the filtered samples were then 

weight and recorded. The extraction efficiency was then calculated using equation 3.1. 

 

3.2.2.2 Solvent Extraction using Hexane  

Solvent extraction using hexane was extracted using Soxhlet apparatus. The ground samples 

were weighed and inserted into a thimble according to optimum weight of microemulsion-

based extraction (Figure 3.2) (Handa et al., 2008). Then, hexane was filled into the round 

bottom flask and was heated to evaporate the hexane. The temperature was controlled until 

maximum temperature to get an evenly drops of condensed hexane and the mixture are left at 

optimum contact time of microemulsion-based extraction. Next, the rotary evaporator was 

used to evaporate the oil-solvent mixture to obtain solvent free oil. All extraction experiments 

were conducted in triplicates. 

 

Figure 3.2 Soxhlet Apparatus 
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3.2.3 Batch Studies 

Parameters that were used to determine the optimum condition for extractions are contact 

time, surfactant concentration, weight of sample and extraction temperature. 

3.2.3.1 Contact Time 

The extraction was carried out at time ranging from 10 – 180 minutes with a speed of rotary 

shaker at 150 rpm. The oil collected was transferred into a petri dish and was placed in 

desiccators to prevent humidity absorption from surroundings. The extraction efficiency was 

calculated using equation 3.1. 

 

3.2.3.2 Surfactant Concentration 

The surfactant concentrations below to above CMC were prepared varied from 0.005 - 0.030 

M. The extraction efficiency was calculated using equation 3.1.     

3.2.3.3 Weight of Sample 

 The palm kernel seeds were prepared at a very fine size ≤ 0.5 mm at different amount of 

weight range in 0.5 g to 5.0 g and then mixed it with surfactant solution. The extraction 

efficiency of oil was calculated by using equation 3.1.  

3.2.3.4 Extraction Temperature 

The extraction was done at temperature 15
o
C and up to 60

o
C. The temperature was control by 

using a water bath and thermometer on a hot plate. The sample was filled in the conical flask 

and placed it inside the water bath. It were then stirred using a magnetic stirrer at 150 rpm. 

The extraction efficiency was calculated using equation 3.1.  
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3.2.4  Oil Analysis 

3.2.4.1 Physical appearance  

The appearance and the color of the oil liberated after extraction was identified using visual 

observation.  

 

3.2.4.2 Fourier Transform Infrared Spectroscopy Characterization 

Fourier Transform Infrared Spectroscopy (FTIR) was used to observe the changes in bonding 

of the sample after extraction. The FTIR spectra were recorded in a range of 4000-370 cm
-1 

in 

the transmittance mode. The IR spectrum of pure surfactant was also recorded in the same 

range. The pure oil surfactant and extracted were recorded as thin film (NaCl disc). 

 

3.2.4.3 Extraction efficiency 

The absorption percentage of surfactant extraction was calculated using the following formula; 

 

Extraction  = initial mass of raw material (g) – final mass after extraction (g)  x 100% 

     Efficiency (%)                                  initial mass of raw material (g) 

 

Equation 3.1 

 

The loss in mass was assumed as the weight of the oil extract from the raw material. Then, the 

extraction efficiency for solvent extraction was calculated using equation 3.2 below (based on 

three replicates); 

Extraction efficiency (%) = Average weight of oil (g) x 100% 

Mass sample (g) 

  

      Equation 3.2 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

 

4.1 Drying of Sample 

Table 4.1 shows the weight of palm kernel samples after drying. Initial sample weighing 80g 

was dried using an oven at temperature 100
 o 

C until a constant weight was obtained before 

subjected to extraction with surfactant. 

Table 4.1 Weight of Sample 

 

Time (min) Weight (g) 

30 78.54 

60 77.88 

120 76.65 

240 76.60 

240 76.60 

 

4.2 Physical appearance 

There are significant differences in between extractions using surfactant and soxhlet extraction 

with hexane. The color and the condition of the oil extracted by surfactant (Figure 4.2 (a)), is 

similar with commercial oil meanwhile oil extracted using soxhlet extraction is greenish-

yellow in color and the oil are not as viscous as oil extracted using surfactant (Figure 4.2 (b)). 

The smell of oil extracted using surfactant has no significant odor meanwhile oil extracted 

with hexane has burnt smell due to heating process to evaporate the hexane (Do and Sabatini, 

2010).  
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(a)         (b) 

Figure 4.2 Oil extracted using (a) surfactant (b) hexane 

4.3  Surfactant Extraction Efficiency  

4.3.1  Batch studies 

4.3.1.1 Time 

The surfactant extraction based on time was varied from 10 to 180 minutes. The surfactant 

concentration used was chosen randomly to observe the contact time taken by the oil to be 

extracted using surfactant. The result for percentage extraction efficiency of the oil at different 

contact time was shown in Table 4.3. A graph was plotted based on the data obtained (Figure 

4.4). According to Figure 4.4, contact time up to 30 minute shows very high extraction 

efficiency compared to longer contact time. The contact time after 30 minute shows 

decreasing in extraction efficiency. Decrease in extraction efficiency at longer contact time is 

due to solubilization of free oil into micelles which lead to less oil production (Nguyen et al., 

2009). Thus contact time at 30 minute is considered the optimum time used for oil extraction. 

Further results can refer to appendix 1. 

 

 

 


