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ABSTRACT  
 

The objective of the present study is to determine the total yield and physicochemical properties of virgin 
coconut oil (VCO) extracted from coconut milk using controlled direct heating and microwave heating. The 
heating temperature for the controlled direct heating method was 90 ˚C for the first hour of heating and 
maintained at 60 ˚C once the oil began to separate from the coconut protein until the demulsification was 
over. In the microwave heating method, coconut milk was heated at medium microwave power level (500W) 
for 30 minutes at 5 minutes intervals. The heating process for both methods was stopped before the 
proteinaceous latik turned brown. The recovered oils were subjected to four standard analyses for accessing 
the quality of VCO, which are moisture content (MC), iodine value (IV), peroxide value (PV) and acid value 
(%FFA). The percentage of oil yield and time taken during heating process for the controlled direct heating 
and microwave heating methods showed significant differences where the highest oil recovery (23.83%) with 
the shortest time taken (15.33 minutes) was given by the microwave heating method. There were no 
significant differences in the physicochemical properties of VCO extracted from both heating methods. By 
comparing the quality of the experimental VCOs to a commercial VCO, the VCO extracted from the 
controlled direct heating and microwave heating methods had no significant differences (p >0.05) than the 
commercial VCO. The present obtained results would be useful for micro and small-scale enterprises to 
correctly apply the heating methods in producing a high quality VCO commercially. 
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INTRODUCTION 
 
Virgin coconut oil (VCO) is a well-known product worldwide. The increasing public awareness towards healthy 
lifestyles and diets is driving the demand for VCO in the market especially in South East Asia involving Malaysia, 
Philippine, Thailand and Indonesia. The term VCO refers to an oil that is obtained from fresh, mature kernel 
of the coconut by mechanical or natural means, with or without the use of heat and without undergoing chemical 
refining (Villarino et al., 2007). There is no specific requirement established for producing VCO, and based on 
the definition itself, it is understood that as long as the oil does not go through the refining, bleaching and 
deodorizing (RBD) process that leads the alteration of the nature of oil, the oil can be considered virgin (Marina 
et al., 2009). VCO is different from coconut oil in terms of processing, where VCO does not have to go through 
the RBD process. VCO have almost no trans fatty acid because it is contained a major in saturated fatty acid 
and rich in lauric acid (medium chain fatty acid component) that acting as antimicrobial. It also has good 
cholesterol that can reduce low-density lipoprotein (LDL) cholesterol in human blood and making them less 
prone to having a heart attack or stroke (Philipine Coconut Authority, 2014).    
 
The extraction of virgin coconut oil from coconut milk emulsion that consists of two immiscible liquids, which 
is coconut oil and water is called a demulsification or emulsion breaking process. The unfavourable contact 
between coconut oil droplets and water molecules causes coconut milk emulsion to be thermodynamically 
unstable and readily separates into two distinct phases – a heavy aqueous phase and a lighter cream phase 
(Abdurahman et al., 2009). The main components of coconut milk are water and fats, with carbohydrates, 
proteins and ash as minor components (Tansakul & Chaisawang, 2005). A lot of methods have been developed 
to extract coconut oil, either through dry or wet processing (Marina et al., 2009). In wet processing, VCO is 
extracted through coconut milk with or without heat. In heating processing, coconut milk is directly heated to 
extract the oil whereas, in non-heating process, the oil is extracted through fermentation, enzymatic and solvent 
extraction (Agarwal & Bosco, 2017). This current study revealed the effect of wet extraction methods of VCO 
using direct heating and microwave heating on its total yield and physicochemical properties.     
 
 
MATERIALS AND METHODS 
 
Materials  
 
Pure and fresh coconut milk was obtained from a local market in Jerteh, Terengganu, Malaysia. A sample of 
commercial VCO acting as the control in this study was purchased from a local market. All the chemicals and 
solvents were used is analytical grade.  
 
Preparation of coconut milk  
 
The preparation of coconut milk was performed according to Bawalan (20011) with a slight alteration. The 
coconut milk was allowed to settle in the freezer at -17 ˚C for 24 hr. Then, the coconut milk was thawed at 
room temperature until the coconut milk reached 25 ˚C.  
 
The controlled direct heating method  
 
The direct heating method was performed according to Bawalan and Chapman (2006) with a slight alteration. 
The coconut cream was placed in a wok and heated very slowly to coagulate the protein and release the oil. This 
process used slow heating for about 2 to 2.5 hr. For the first hour of heating, the temperature was allowed to 
reach 90 ˚C. After this time, the temperature was controlled below than 80 ˚C until the protein begins to 
coagulate. When the oil started to separate from the coagulated protein, the temperature was lowered to 60 ˚C. 
The heating process was stopped before the proteinaceous latik turned brown. Then, the oil was separated from 
the coconut protein (latik) by straining the mixture through a muslin cloth. The oil was prepared in duplicate 
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and kept refrigerated afterwards until further use. The time taken for the whole heating process was recorded 
in minute. The yield of oil recovery was calculated using this formula:  

                             
                                         % Yield = Weight of oil recovery (g) × 100                                     Eqn. 1 

                                                                  Weight of cream (g)   
 
Microwave heating method  
 
Extraction of virgin coconut oil using microwave heating was performed according to Khalid et al. (2008) with 
a slight alteration. In this study, Panasonic NN-CD997S inverter convection microwave oven 42 Liter was used 
in heating coconut milk. The rated power output for microwave is 1000 Watt (W). The coconut cream was 
placed in a glass container and put into a convection microwave oven. The oven was set as Micro Power 
program with medium micro power level (500 W) for 30 min at a 5 min interval. The temperature of sample 
was checked every 5 min using a digital food thermometer. The heating process was stopped before the 
proteinaceous latik turned brown. Then, the oil was separated from the coconut protein (latik) by straining the 
mixture through a muslin cloth. The oil was prepared in duplicate and kept refrigerated until further use. The 
time taken for the whole heating process was recorded in minute. The yield of oil recovery was calculated using 
the Eqn. 1.  
 
Analyses of VCO quality 
 
Moisture content  
 
Moisture can contaminate fats and oils in many different ways, either during condensation, coils breaking or 
intentional addition during processing. The presence of moisture will increase free fatty acid and lead to off-
flavours and aromas (rancid). Determination of moisture content was according to Rohyami et al. (2017) with 
a slight alteration. Porcelain dish or crucible was heated in an oven at 105 ˚C for 1 hr and let it cool in the 
desiccator until the temperature equal to room temperature. The crucible with lid was weighed (W1). Then, the 
sample was weighed 5.0±0.2 g into the crucible (W2) and heated at uniform temperature of 105 ˚C in the oven 
for 4 hr. Then, the crucible with the sample inside was cooled in a desiccator for 30 min until its temperature is 
equal to room temperature and weighed until constant readings were gathered (W3). The moisture content of 
oil recovery was calculated using the Eqn. 2.    
 

                                                 % Moisture content = W2 – W3 × 100                                        Eqn. 2 
                       W2 – W1   

 
W1 = Weight of container with lid (g) 
W2 = Weight of container with lid and sample before drying (g) 
W3 = Weight of container with lid and sample after drying (g) 
 
Iodine value (IV)  
 
Determination of iodine value (IV) was carried out according to the PORIM p3.2 (1995). The sample was 
weighed 0.2 g-0.5 g accurately and put into a 500 mL flask. Then, 200 mL of cyclohexane wias added to dissolve 
the sample. The flask was warmed slightly if necessary. 25 mL of Wijs solution was added and the flask was 
covered with aluminium foil, before being shaken gently and placed in the dark. After standing for 1 hr, 20 mL 
of the potassium iodide (KI) solution and 100 mL of distilled water were added into the flask. The sample was 
titrated with 0.1 N sodium thiosulphate solution until yellow colour appeared due to the disappearance of iodine. 
Then, 1 mL of starch was added as an indicator solution and the titration was resumed until the blue colour 
disappeared after vigorous shaking. The IV was determined in duplicate. The same steps were repeated for 
blank with no sample added. The IV was calculated using Eqn. 3.    
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                                                    Iodine value = 12.69 × N × (V2-V1)                                       Eqn. 3 
                       W 

 
N = normality of sodium thiosulphate (Na2S2O3) 
V2 = volume of Na2S2O3 solution in mL used for blank  
V1 = volume of Na2S2O3 solution in mL used for sample  
W = weight of sample in grams 
12.69 = used to convert from meq. thiosulphate to grams iodine. (MW of iodine is 126.9) 
 
Peroxide value (PV)  
 
Determination of peroxide value (PV) was carried out according to the PORIM p2.3 (1995). The sample was 
weighed 5 g ± 0.05 g and put into the 250 mL flask. 30 mL of the acetic acid- chloroform solution was added 
into the sample. Then, the flask was swirled until the sample is dissolved in the solution. 0.5 mL of saturated 
potassium iodide (KI) was added with a graduated pipette. The solution was swirled for 1 minute and then 30 
mL of distilled water was added. Next, a few drops of starch solution was added for freshly produced oils. The 
sample was titrated with 0.01N sodium thiosulphate solution and was added gradually with constant and 
vigorous shaking. The titration was continued with shaking the flask vigorously near to the end point to liberate 
all the iodine from the chloroform layer. The thiosulphate dropwise was added into the solution until the blue 
colour just disappears. The PV was determined in duplicate. The same steps were repeated for blank with no 
sample added. The PV was calculated using Eqn. 4.  
 

                                                        Peroxide value = (Vs – Vb) N × 1000                                  Eqn. 4 
                                                                                                 W 
 
N = normality of sodium thiosulphate (Na2S2O3)  
Vs = volume of Na2S2O3 solution in mL used for sample 
Vb = volume of Na2S2O3 solution in mL used for blank 
W = weight of sample in grams 
1000 = conversion of unit (g/kg)  
 
Acid value (% Free fatty acid)  
 
The acid value (AV) was determined according to PORIM test methods p2.5 (1995). The sample was weighed 
5 ± 0.1 g into Erlemeyer flask. 100 mL of 95% ethanol was added in a flask and the solution was boiled over a 
hot plate to about 40 ˚C. Then, 0.5 mL of phenolphthalein was added and neutralized by dropwise addition of 
0.5N sodium hydroxide (NaOH) till a faint, but the permanent pink colour is obtained. The AV was determined 
in duplicate. Expression of result: % free fatty acid (FFA) as lauric acid.  
 

                                                             Acid value = 56 × N × V                                               Eqn. 5 
                                                                                        W                                              
 
N= normality of NaOH solution 
V = volume of NaOH solution in mL used for sample 
W = weight of sample in grams  
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Statistical Analysis  
 
In this study, statistical analysis was conducted by using SPSS Statistics 17.0 software. All data were reported as 
mean ± standard deviation using Analysis of Variance (ANOVA) method. The significant difference of 
experiment samples and control were compared using ANOVA at significant level (p<0.05).  
 
 
RESULTS AND DISCUSSION 
 
Effect of heating methods on total yield of VCO 
 
Total yield or oil recovery gives a quantitative measurement on the effectiveness of different method of 
extractions in terms of amount of oil produced and time duration for the heating process. Table 1 shows the 
percentage of oil yield and time taken in minutes of VCO extracted by direct heating and microwave heating.  
 

Table 1. The total yield and time taken of VCO extracted from direct heating and microwave heating. 
 

Analysis 
Extraction method 

Direct heating Microwave heating 

Total yield (%) 19.67 ± 1.53a 23.83 ± 0.76b 

Time taken (mins) 75.00 ± 2.50a 15.33 ± 0.76b 

*Means in the same row with different superscripts are significantly different at p <0.05. 
**Values are means ± standard deviation. 

 
The different extraction methods of VCO resulted in significant difference in the quantity of oil extracted and 
time taken. Microwave heating method gives the highest yield compared to the direct heating method with 23.83 
± 0.76% and 19.67 ± 1.53% oil recovery respectively. The shortest time taken was given by microwave heating 
method with 15.33 ± 0.76 minutes and followed by direct heating method with 75.00 ± 2.50 minutes. The 
heating process was stopped before the proteinaceous latik turned brown as according to Bawalan and Chapman 
(2006) if the heating process is continued until the proteinaceous latik turned brown, the recovered oil will have 
a yellow and low quality.  
 
The highest oil yield recovery given by microwave heating method is correlated with the mechanism of 
microwave radiation demulsification in terms of generation, propagation and interaction of microwaves with 
emulsion. According to Fortuny et al. (2007), the efficiency of the microwave irradiation in oil-in-water emulsion 
separation is attributed by the reduction of the stability of the emulsion as a result of microwave radiation breaks 
the hydrogen bonds between surfactant molecules and water molecules to reduce the resistance between 
molecules. By contrast, direct heating gave the lowest oil yield recovery which may due to poor ability to fully 
demulsify the emulsion in coconut milk within controlled temperature compared with microwave radiation 
which resulting the oil is remain entrapped in latik. According to Bawalan and Chapman (2006), this method 
will produce VCO with intense coconut aroma but has the lowest total yield recovery as a large proportion of 
oil remains entrapped in coconut protein (latik). Hence, it is evident that the microwave heating method of 
VCO extraction is more effective than the controlled direct heating method.             
 
In addition, microwave heating method gave the shortest time taken in VCO extraction, which could be 
explained that the method of heating occurs primarily by dipole polarization and ionic conduction (Fortuny et 
al., 2007). The rearrangement and high-speed rotation of the polarized molecules of material in a high frequency 
electric field component, will generate heat due to the friction between molecules (Sun et al., 2017), while ionic 
conduction dissolved ions under the influence of an electric field which increases collision rate and heat 
conversion (Emeka, 2013). In addition, dipole polarization can neutralize the potential of the oil-droplet surface 
(Martinez et al., 2013) which facilitated the redistribution of ions in the interfacial area and increasing the number 
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of counter-ions (Sun et al., 2017). All of these gave the result in higher demulsification efficiency during VCO 
extraction process under microwave heating method.  
 
By contrast, direct heating involved conduction and convection process in the initial stage as it transmits heat 
only to the surface of coconut milk, and then the temperature at the centre gradually increases due to conduction 
which is non-uniform (Sun et al., 2017), it may result in a temperature gradient between the surface and interior 
of coconut milk. Thus, in result, the direct heating method requires higher energy consumption and relatively 
long processing time to breakdown the emulsion in coconut milk compared to the microwave heating method.           
 
The similarities on both methods are due to the heating concept and low cost and easy to operate, but then 
both have different in demulsification efficiency ability. According to Khalid (2008), the microwave heating 
method is chemical free, a faster method, easier to operate and give a high yield of oil recovery about 300ml/kg 
of coconut milk. However, the temperature of coconut milk is not easily controlled manually during VCO 
extraction compared with the direct heating method. This because the model of microwave used in this study 
is not equipped with automatic infrared temperature controller detector ‘IRTC’ or fiber optic temperature sensor 
to control the temperature in the microwave. Meanwhile, using the heating concept in VCO extraction gave the 
biggest misconception toward the oil recovery of being virgin oil. According to Bawalan and Chapman (2006), 
VCO extraction can be done by heating as long as the smoke point of the oil is not reached and discolour the 
oil into yellow as well as does not diminish the health benefits in it.    
 
Comparison of VCO quality between experimental and commercial products  
 
High quality production of VCO is very important to ensure the oil have a longer shelf life, low in moisture 
content and rich in nutrition values. According to Ngando et al. (2011), physicochemical parameters are 
commonly used as an indicator for quality of dietary oils and fats. In analysing the quality of edible oil, the 
following parameters can be used: moisture content, iodine value, peroxide value and acid value. 
 
Analyses that have been performed are moisture content, iodine value, peroxide value and acid value. Both 
extraction methods, direct heating and microwave heating resulted no significant different on all 
physicochemical analyses, which could be explained that both extraction methods using the same concept which 
is heating. Thus, the quality between direct heating and microwave heating were not significantly different.      
 
Moisture content  
 

  
 

Fig. 1. The moisture content of VCO extracted from direct heating and microwave heating.  
 

It is important to keep the moisture content low, as it will increase the shelf life by preventing rancidity and 
oxidation to occur (Mansor et al., 2012). According to Asian and Pacific Coconut Community standards for 
VCO  (APCC, 2006), the permitted moisture should be less and equal than 0.1 %. From Fig. 1, the measurement 
of the moisture content in this study ranged from 0.18 – 0.21 %, in which the lowest was from direct heating 
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method and the highest was from microwave heating method. Although the values were higher than the 
standard by APCC, they were not significantly different from that of the commercial VCO and thus considered 
acceptable. According to Bawalan and Chpaman (2006), the moisture content of oil can be reduced below than 
0.2% by proceeding with drying the oil using double boiler method. Moisture content for microwave heating 
method is slightly higher compared with direct heating, which could be explained that the removal of residual 
moisture in coconut milk for the microwave heating method is poor than the direct heating method.  
 
Iodine value (IV)     
 

 
 

Fig. 2. The iodine value of VCO extracted from direct heating and microwave heating  
 
Iodine value indicates the number of grams of iodine absorbed by 100 grams of fats or oils (Anonymous, 2011). 
It measured the degree of unsaturation of fatty acids in an oil or fat (Anonymous, 2011). Saturated fatty acids 
will have lower iodine value but for unsaturated fatty acids, the iodine value increases as the degree of 
unsaturation of fatty acids increases. When the iodine value is higher, the oil tends to become more reactive, 
less stable and more susceptible to oxidation and rancidity.  
 
According to Fig. 2, the range of IV of all the samples was 5.66 – 9.43. The lowest IV was obtained from the 
control with 5.66 ± 0.18 and the highest was from the direct heating method with 9.43 ± 0.61. IV from both 
methods, direct heating and microwave heating have no significant difference, however, IV between control 
and VCO extracted from the heating method have significant difference. The slight differences in the values 
could be reasoned by the titration precision on each measurement (Mansor et al., 2012). Even though the IV 
between control and VCO extracted showed significant difference, but still, the values were within the range of 
Asian and Pacific Coconut Community (APCC, 2006) Standard which is 4.1 – 11.0. The IV of VCO can be 
categorized as low because it is saturated fatty acid with mostly have medium chain fatty acids (MCFA) with a 
range of carbon 6 – 12 in their chains (Chan, 2016).       
 
Peroxide value (PV)  
 
Peroxide value measures the degree of oxidation in early stages which is related to the shelf life of oil before the 
oil goes rancid through oxidative rancidity (Kong & Singh, 2011). The most contributing factors to oxidation 
are temperature, light, moisture and oxygen (Ricardo et al., 2011). Hydroperoxyde is a product formed from 
unsaturated fatty acids during the first oxidative stages which then make the PV as an indicator of the extension 
of lipid oxidation (second stage). Secondary oxidation products that will be formed due to unstable peroxide 
are aldehydes, alcohols, ketones and volatile compounds which responsible for off-flavour and odour in oils 
and fats. Thus, the lower the PV obtained, the lower the tendency of oil to rancid during storage.  
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Fig. 3. The peroxide value of VCO extracted from direct heating and microwave heating. 
 
Based on Fig. 3, the PV for both methods showed no significant difference. The PV for direct heating and 
microwave heating methods are 1.37 ± 0.06. This could be explained that both methods were used the same 
concept in VCO extraction which is heating. The PV of VCO from different extraction methods were compared 
with the control in order to claim the recovered oil from heating method is virgin, and the result showed that 
the PV for both extraction methods and control have no significant difference. From this result, it is evident to 
prove that the VCO extracted from the heating methods have the same quality as the commercial VCO.    
 
Acid value (% FFA)  
 

 
 

Fig. 4. The percentage of free fatty acids of VCO extracted from direct heating and microwave heating. 
 
Acid value (AV) is an indirect measure of the free fatty acid (FFA) present in fats and oils and it is defined as 
the number of miligrams (mg) of potassium hydroxide needed to neutralize the free fatty acids present in 1g of 
fat (Ed Vitz et al., 2017). The FFA of VCO is expressed as lauric acid according to the nature of its fat. These 
FFA are formed from the hydrolysis of an ester by lipase or moisture (Osawa et al., 2007) and then lead in the 
present of rancid odour and flavour.  
 
Hydrolytic rancidity is also called hydrolysis or enzymatic oxidation that occurs in presence of moisture and 
accelerated by heat, where enzymes found naturally in plant oils (i.e., lipoxygenase, cyclooxygenase) can catalyze 
reactions between water and oil, in result the triglycerides in the oil will produce FFA and glycerol (Robin Koon, 
2009). Thus, FFA in VCO should be lower to reduce the possibility of occurring hydrolytic rancidity which 
leads in the present of off-flavour and degrade the quality of oils.    
 
The value of FFA is depending on the PV as FFA increase with increasing of PV. According to Fig. 4, the FFA 
of VCO extracted from direct heating and microwave heating methods showed no significant difference with a 
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value of 0.66 ± 0.11%. Several studies investigated the effect of microwave heating on fatty acid fractions of 
vegetable oils which reporting a higher nutritional quality loss with microwave heating compared to 
conventional heating, but saturated fatty acids fraction did not suffer significant changes after heating (Caponio 
et al., 2003). The FFA of VCO extracted from both methods quite higher as it is above 0.5%, however, the FFA 
obtained in this study showed no significant difference from the control.  This could be concluded that the 
quality of VCO extracted from the heating methods has no significant difference from the commercial VCO.           
 
 
CONCLUSION 
 
In conclusion, the microwave heating method showed a higher oil recovery in a shorter period as compared to 
the direct heating method. Microwave radiation reduces the stability of the coconut milk emulsion by breaking 
down the hydrogen bonds between surfactant and water molecules, which results in faster separation of oil 
from the water. The physicochemical properties of VCO extracted from the controlled direct heating and 
microwave heating showed no significant differences (p >0.05). In addition, the quality of experimented VCO 
from the two heating methods had no significant difference from the commercial VCO, thus countering the 
misconceptions that claim the use of heat will make coconut oil lose the attributes of being virgin and have low 
quality. For further studies, it is recommended to conduct fatty acid methyl esters (FAME) compositional 
analysis, triacylglycerol (TAG) analysis and sensory evaluation to prove the VCO extracted from heating 
methods meet the Asian and Pacific Coconut Community (APCC) standards.          
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