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Abstract:  Global petroleum-based fuel reserves are declining, resulting in the necessity to find 17 
alternatives, one of which is biofuel derived from sustainable sources. One of such fuels, i.e. 18 
biodiesel, can be produced from palm oil and coconut oil, however, another alternative source of 19 
fuel is Virgin Coconut Oil (VCO). This research aims  to study the unique factors of VCO 20 
compared to coconut oil and palm oil to determine whether VCO can be used as biodiesel. 21 
Psychochemistry (Iodium umber, peroxide, % FFA) is analyzed using a general method. Lauric 22 
acid content was analyzed by the Chromatographic Gas method. Isolation of LAB was conducted 23 
by the dilution method using MRSA + 0.5% CaCO3 media. In addition, macromolecular 24 
identification was conducted by 16S rRNA.  VCO distinguished by more higher content of lauric 25 
acid (C12:0) 41% - 54.5%  as compared with coconut and palm oils: 0%: 0.11% rerspectively . The 26 
VCO also contains LAB, namely Lac.plantarum and Lactobacillus paracasei,can inhibit the growth of 27 
pathogenic bacteria, such as P.aeruginase, Kleibsiella, S.aureus, S.epidermidis, Proteus, E.coli, 28 
Lis.monocytogenes, B. cereus, and S. typhosa. Compare  with VCO is based on having a high content 29 
of Lauric Acid, 54%, and LAB content. Nevertheless, based on the content of their water level, free 30 
fatty acid, and Iodium number, these three kinds of oil are applicable to be used as biodiesel. 31 

Keywords: Bacteriocin; Lactic Acid Bacteria (LAB), Lauric Acid; Virgin Coconut Oil (VCO) 32 

 33 

1. Introduction 34 

Global petroleum reserves have declined sharply in recent years, therefore, a solution being 35 
attempted is searching for alternative fuels that are renewable and eco-friendly, such as biodiesels. 36 
Commonly, biodiesels are usually produced from plant oils such as kapok (Ceiba pentandra), palm oil 37 
(Elaeis), and coconut (Cocos nucifera).  The tropical biodiversity has been contributed to many 38 
industrial products including pharmaceutical drugs [1-3].  , biofuel and as well as energy storage 39 
materials. . Raw materials of biodiesels should fulfill several criteria, such as having a low moisture (water) 40 
and free fatty acid contents. High contents of both contribute to the occurence of saponification, meaning that 41 
the oil is not suitable as a biodiesel[4]. 42 

Oils from plants such as Sterculia foetida, Jatropha curcas, Calophyllum inophyllum and Reutealis 43 
trisperma have been converted to biodiesel to power internal combustion engines [2-5]. Using 44 
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plant-derived energy sources could reduce negative environmental impacts on the environment, 45 
especially reducing carbon dioxide emissions to the atmosphere [6, 7]. Several materials from the 46 
tropical biodiversity have also been tried for energy storage materials, which can replace batteries in 47 
the future [8-10]. These can help store significant amounts of solar energy from tropical countries, 48 
which usually has plenty of sunlight [11]. Another exceptional plant from the tropical biodiversity 49 
that has been used for many purposes is the coconut, about which in this research the authors 50 
attempt to study coconut oil and its active ingredients. 51 

Several possible alternatives for biodiesel include the oil of the coconut, normally used for cooking, which 52 
originated from heated coconut milk and known as coconut oil, and the cooking oil made from the oil of the 53 
palm kernel, known as palm oil [2-5]. In addition, recently the oil of the coconut processed without heating has 54 
been identified as a possible biodiesel source, known as Virgin Coconut Oil (VCO) [5–12].  55 

Virgin Coconut Oil (VCO) ) can be made through several methods such as by fermenting 56 
coconut milk [12] and by adding microbes (Lactobacillus fermentum and Lactobacillus plantarum) as 57 
starter cultures [13-15]. VCO can also be produced through centrifugation and microwave processes 58 
[5], and by fermentation without the addition of microbes as a starter [17]. This oil is called virgin oil 59 
because it is made without any heating [18] 60 

VCO has been used widely because it is believed to have benefits compared to coconut oil made 61 
through a heating process and palm oil. VCO is useful against microbes, bacteria and virii [14], and 62 
is useful for for helping lose weight in terms of metabolism. VCO contains medium chain 63 
triglycerides, which is initially digested or processed in the body from carbohydrates that can cut 64 
back hunger. Thus, it causes people to consume less carbohydrates, which eventually reduce body 65 
weight [18]. VCO also affects the healing of ovariectomy [19], and can be used as an antioxidant [20]. 66 
VCO can also reduce blood pressure [10]. In addition, VCO can also be used for skincare [22], as an 67 
external drug such as wound medicine, and can function as a probiotic [23].  68 

VCO and palm oil have different characteristics with different function. VCO gravitates  more 69 
towards medicine, probiotic, and cosmetics, whereas palm oil characteristics quite suitable to be 70 
converted to diesel fuel [24]. Not only palm oil, some other vegetable oils have also been proven to 71 
be economical and can be converted to biodiesel production in large scale [25-27]. The chemical 72 
composition of VCO has been studied in [28] including the iodine number, the saponification 73 
number, the amount of free fatty acids (% FFA), viscosity and colour. This chemical composition 74 
needs to be examined prior consumption in order to follow Asian and Pacific Coconut Community 75 
(APCC) standardisation because VCO is originally made from fresh coconut milk 76 

VCO has been known for its high lauric acid content, which is between 46.36 - 48.42% [28]. ]. 77 
Processed from coconut milk, which is high in carbohydrates and proteins, the fermentation process 78 
of VCO results in lactic acid bacteria (LAB) [29]. LAB from VCO have been isolated and their 79 
antimicrobial ability has also been studied [17]. This atypical microbial ability exists because LAB 80 
contains bacteriocin [30], [31] which can kill pathogenic bacteria. Further, bacteriocin from 81 
Lactobacillus plantarum [18] has also been isolated as well. 82 

This research compares the psycho-chemistry (such as: acid, saponification, and Iod number) of 83 
coconut oil, palm oil, and VCO [3], [24 - 25] as the consideration in determining whether these oils 84 
are appropriate to be used as biodiesel. It also analyses the content of fatty acids such as lauric acid, 85 
palmitic acid, and stearic acid [20–22], as the indicator of the characteristics of each oil, besides 86 
determining the antimicrobial ability of VCO [5], [9][15]. These analysis are performed in order to 87 
examine whether VCO is more suitable as a biodiesel or as an oil with multiple function in health 88 
sector. 89 

The newest fact referring to VCO which has yet acknowledged is the presence of lactic acid 90 
bacteria (LAB) on the oil and blondo layers (VCO dregs). This LAB will be present when VCO is 91 
made through traditional fermentation process or fermentation using the existing bacteria in the air.   92 

Nevertheless, there have been many studies concerning palm oil as an alternative for biodiesel 93 
[2-4]. In the meantime, the palm oil biomass and its fatty acid have been studied, besides the 94 
possibilty of the palm oil to be used for dietary purposes [23]. 95 

2. Materials and Methods 96 
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2.1. Materials: 97 

The samples were three types of virgin coconut oils, with different methods of 98 
extraction/fermentation), coconut oil (derived from heating coconut milk), and consumer-grade 99 
palm oil . 100 
 101 

2.1.1. Chemical Material: 102 
For Lauric Acid Analysis, -hexane (p.a), CHCl3, Aquadest, reagent for sample preparation, namely 103 
saturated NaCl, Na2SO4 anhydrate, BF3, Methanol, and N2gas to stop the oxidation occurred were 104 
used. The internal of fatty acid standard. Whereas for Acid Number analysis (%FFA), 95%Alcohol 105 
(pa), blue bromothymol indicator, phenolphthalein indicator, HCl 0.5 N Standard Solution, and 106 
KOH Standard Solution were used. KOH ethanolic, HCl 0.5 N standard solution was taken for  107 
Saponification Number Analysis, and Potassium Iodide was used for Peroxide Number Analysis.  108 
Meanwhile MRSA (deMann Rogosa Sharpe Agar) p.a + 0.5% CaCO3 media was used for Isolation of 109 
Lactaid Acid Bacteria and in order to increase their amount using MRS media. 110 

2.1.2. Instruments: 111 

The instrument used where ordinary laboratory glassware such as petri dish, Erlenmeyer, test 112 
tube, and beaker glass, where all of them made from Pyrex. In addition, Gas Chromatography GC 113 
GC-MS Shimadzu QP 2010S (Shimadzu Corp, Kyoto, Japan) was set for lauric acid analysis and 114 
Autocklav Yamata SN 21 for sterilization and Laminar Flow as the working media for isolating the 115 
bacteria and for performing antimicrobial analysis.   116 

2.2. The standardization of VCO 117 

2.2.1. The determination of pH 118 

The pH of the sample is determined using the pH meter in accordance with the applicable 119 
general procedure.  120 

2.2.2. The analysis of fatty acid sample using GC-MS 121 

Prior to injecting the sample into GC-MS instrument, the oil sample was prepared by setting 50 122 
gram of VCO sample, and adding 400 µL of NaOH Metanolic . This mixture was vortexed and 123 
heated at 500 C for 10 minutes. After undergoing the cooling process, 1mL CH3COOH, 1mL distilled 124 
water, and 1mL n-hexane were added respectively. Then this mixture was vortexed and cooled for 125 
several minutes where two layers were formed as the result.   126 

About 1 µL at the top layer was taken as the sample to be injected and analyzed in GC-MS: 127 
Shimadzu QP2010 which was equipped with capillary colum of (30m) x 0,25 mm ID; 0,25 ìm 128 
(interspersed by DB5MS. Japan), by injecting the sample into the capillary colum. The carrier gas 129 
was helium, where the injector and detector temperature was set at 2800 C. The injection was 130 
performed using the split mode (1:30). The column temperature was programmed to change from 131 
500 C to 280 ° C at a rate of 5° C per minute. Fatty acid ethyl esters were separated at the constant 132 
pressure (100kPa), and the peak was identified through the comparison of mass spectrum with mass 133 
spectral as the database. The compound identification was as regards to the comparison of its mass 134 
spectrum with NIST Mass Spectral Library 2008. 135 

2.2.3. The determination of water content 136 

A porcelain dish along with a loose-fitting cover were cleaned, and dried in the dryer oven at 137 
1050 C for 1 hour. Then they were taken using a pair of clamps and inserted into desiccators where 138 
the lid was detached. Soon after the dish has cooled, the lid was tightened and weighed. A 2 gram 139 
sample was weighed into the dish and undergone another eight hours's dry-heating in a hot-air 140 
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oven at 105°C, until reaching a constant weight. Another cooling process in desiccators was 141 
conducted for 30 minutes before determining its water level. 142 

2.2.4. The determination of acid number 143 

5 grams of the sample was weighed into a 300mL Erlenmeyer flask, then added 25 mL neutral 144 
alcohol, after that the flask was connected to an upright condenser, and boiled for 30 minutes. After 145 
cooling down, the sample was titrated with NaOH 0.1 M using pp indicator. The volume of NaOH 146 
titrer was recorded. 147 

2.2.5. The determination of Iod number 148 

0.5 grams of oil was weighted in a covered Erlenmeyer flask, then 10 mL chloroform was added 149 
and shaken. Then 15 mL Wij's solution was added and shaken slowly for another 30 minutes where 150 
the Erlenmeyer continued to be covered. The lid and inner wall of Erlenmeyer have been washed 151 
with 50 mL distilled water (initially heated and cooled). Next step was titration with 0,1 N Tio 152 
(Na2S2O3) until the color changed into light brown, and 2mL of 1% starch was used as indicator. The 153 
titration was continuously conducted until the dark blue color disappeared. 154 

2.2.6. The isolation of lactic acid bacteria 155 

The oil sample was diluted utilizing saline solution with dilution up to 10-7. Then this sample 156 
was planted on the dish containing MRSA + 0,5 % CaCO3 selective media, and incubated overnight 157 
at 37°C. The growth was observed. 158 

2.2.7. The molecular identification 159 

Initially, the identification is began with isolating genomic DNA of lactic acid bacteria, then, 160 
continued by amplying 16S rRNA gen. In order to determine the size of its DNA, this gen is 161 
analyzed using Electrophoresis gel, and ended with sequencing.  162 

2.2.8. Antimicrobial analysis 163 

The antimicrobial analysis was carried out using agar-disk method, which has been modified 164 
using a disk made from filter paper. It was assumed that 1 unit of antimicrobial activity was defined 165 
as 1 mm2 inhibited zone area or “halo” zone[23]. It began with testing bacteria grown on NA media 166 
(Merck) of 1.5% agar concentration at 370C. Incubated overnight, then 1 dose of testing bacteria was 167 
moved into test tubes containing 10 mL sterile distilled water. After that, the cells numbers was 168 
conformed to Mc Farland 0.5, which was estimated to be 106 – 107 CFU mL-1 number of cells. 169 
Toothpicks wrapped with cotton and sterilized were dipped into testing bacteria (more or less 100 170 
µL). Left to dry, then took the filter paper which has been sterilized and perforated like a disk with 171 
80 mm diameter, dipped it into LAB isolate, and stuck onto the solid media surface in petri dish 172 
which has been smeared by testing bacteria. Incubated for the period of 3 x 24 hours, and observed 173 
until the clear zone or “halo” zone was formed indicating the occurence of the growth inhibition of 174 
pathogenic bacteria by lactic acid bacteria. Finally the diameter of clear zone is measured.   175 

3. Results and Discussion 176 

3.1. Composistion  and properties VCO, coconut milk, and palm oil. 177 

According to the experimental study presented in previous sections, it is shown that the 178 
peculiarity of Virgin Coconut Oil compared to coconut oil produced by heating coconut milk and 179 
palm oil sold in the market is in its high composition of lauric acid (54.06%), and lactic acid bacteria 180 
(Lactobacillus plantarum and Lactobacillus paracasei). In the presence of lactic acid bacteria 181 
containing bacteriocin, VCO is characterized as a antimicrobial, in contrast to coconut and palm oils. 182 

As shown in Table 1 below, the lauric acid content of VCO is the highest with 54.06%. In 183 
contrast, coconut oil contains only 2.81%, and palm oil none (0%). Table 1 shows that there are two 184 
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types of fatty acid contents in VCO; 54.06% lauric acid and 12.06% stearic acid, and none (0%) 185 
palmitic acid. The absence of palmitic acid is because VCO is not made of palm oil. Palmitic acid is 186 
found in palm oil. The lauric acid content of VCO is considered high compared to what has been 187 
obtained through this research [12]. This is because VCO is processed without heating, or through 188 
fermentation. Thus the fatty acid carbon bonds are not broken, in other words, the fatty acid is in the 189 
form of medium chain triglycerides, particularly lauric acid. On the other hand, coconut oil made from 190 
cooked coconut milk has low lauric acid content, i.e. 2.81%, containing 2.65% saturated acids, due to the 191 
production process involving heating. Conversely, palm oil has absolutely no lauric acid content, whereas its 192 
palmitic acid is high; 2.28% compared to VCO and coconut oil.  193 

From Table 1, it can be said that VCO has an acid number of 1.0165 which is higher than 194 
coconut milk (acid number of 0.39695), and palm oil (acid number of 0.39645) [13]. VCO water 195 
content is similar to palm oil, which is 0.11% whereas coconut oil processed through heating has a 196 
lower water content of 0.10%. However, the water content of the three samples still meet the limit 197 
standard of cooking oil 2177 SNI 3741 2013. In other words, the smaller number of the three samples’ 198 
water content simplifies the heating process so the three samples can be used as biodiesels, in 199 
accordance with [18][25-27]. 200 

The analysis result of % FFA contains of 0.264 VC), 0.281 coconut oil, and 0.51 palm oil. It shows 201 
that VCO heating process is much better than other oil samples according to the study of [20] 202 

The VCO saponification number is 348.003 whereas coconut milk has a saponification number 203 
of 269.6266 and palm oil 204.0045. The high saponification number reflects the number of the fatty 204 
acid molecules. The bigger the saponification number, the smaller the molecules, or consisting of 205 
smaller fatty acid molecules or shorter chain, and vice versa. Hence, the higher saponification 206 
number of the VCO is because it consists of medium chain triglyceride fatty acids [14], [15]. The 207 
higher saponification number compared to palm and coconut oils mean that the saponification 208 
occuring in VCO is greater, even though still within tolerable limits. 209 

Table 1. The Result of Standardization and Ingredient sample. 210 

Type of 

the Oil 

Type of Fatty 

acid 

% Acid number Saponification 

number 

%FFA Iodin 

number 

pH Water 

content 

% 

VCO(A) Lauric Acid 54.06 1.0165 348.003 0.264 5.3287 6.5 0,11 

Palmitat Acid - 

Stearat Acid 12.03 

         

VCO(B) Lauric Acid 53.9 1.0322 345.705 0,258 5.2431 6.4 0,12 

Palmitat Acid - 

Stearat Acid 12.01 

         

VCO(C) Lauric Acid 53.7 1.0274 346,645 0.262 5.2565 6.5 0,11 

Palmitat Acid - 

Stearat Acid 11.9 

         

Coconut 

oil 

Lauric Acid 2.81 0.39695 269.6266 0.281 7.023 6.9 0.11 

Palmitat Acid 2.31 

Stearat Acid 2.65 

         

Palm Oil Lauric Acid 0.45 0.39645 204.0045 0.515 51.0042 6.6 0.09 
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1 Palmitat Acid 2.88 

Stearat Acid - 

         

Palm Oil 

2 

Lauric Acid - 0.39645 203.02595 0.733 49.71675 6.5 0.09 

Palmitat Acid 24.42 

Stearat Acid - 

 211 

3.2. Result of LactidAcid Bacteria Isolation 212 

Figure 1, below presents the isolated result of lactic acid bacteria onto VCO, coconut oil, and 213 
palm oil. It is shown that VCO contains lactic acid bacteria, as when it was being isolated using 214 
MRSA + CaCO3 selective media, the lactic acid bacteria colony which can grow in “Halo” area is 215 
found. This area is a clear zone where it can produce lactic acid neutralising CaCO3. It is in line with 216 
[5], and as an additional, the results in Figure 2 and 3 points out the identification of lactic acid 217 
bacteria using 16S rDNA which turn out to be Lacobacillus plantarum and Lactobacillus paracasei as 218 
mentioned in [6], [7], and [8]. 219 

 220 

Figure 1. Lactid acid bacteria isolate grown in MRS + 0,5% CaCO3 media 221 

It can be seen, in Figure 1, there is a clear area, in the middle there is a white dot which is a 222 
colony of lactic acid bacteria present in VCO oil. This is proof that VCO contains lactic acid 223 
bacteria.[29], [32] 224 

   225 
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Figure 2. Result of lactid acid bacteria isolation from coconut oil  and from palm oil with no evidence 226 
of growth. 227 

Meanwhile, in Figure 2, is a petri dish filled with coconut oil and palm oil grown on the same 228 
media. No visible growth of lactic acid bacteria. This proves that lactic acid bacteria do not exist in 229 
coconut oil and palm oil. This is in accordance with[9], [14] [29]. But not so [35], which only uses 230 
MRSA media, without the addition of CaCO3. But growing colonies are not in the "Hello" area. 231 

3.3. Molecular Identification of Lactid Acid Bacteria 232 

The molecular identification of lactic acid bacteria produces Lactobacillus plantarum as shown 233 
in the data below Figure 3  234 

 235 

Figure 3. Lactid acid bacteria gene sequence from isolation of Lactobacillus plantarum 236 

 237 

Figure 4. The result of molecular identification of lactid acid bacteria showing Lactobacillus paracasei. 238 

3.4. Result of Anti Microbial Analysis. 239 

The antimicrobial ability of VCO is also analyzed below. Antimicrobial analysis was performed 240 
with Lactobacillus paracasei and Lactobacillus plantarum lactid acid bacteria onto testing bacteria; 241 
Pseudomonas aeruginase, Klebsiella, Staphilococcus aureus, Staphilococcus epidermidis, Proteus, 242 
from [31][35], Eschericia coli,  Listeria monocytogenes, Bacillus cereus, and Salmonella typhosa.  243 
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As seen in Figure 4 below, clear zones show that the growth of pathogenic bacteria was 244 
inhibited by Lactobacillus plantarum and Lactobacilus paracasei. 245 

 

 
 

Result of antimicrobial analysis of 

Lactobacillus`plantarum Lactid Acid 

Bacteria onto E, coli testing bacteria 

 

 
 

Result of antimicrobial analysis of 

Lactobacillus`plantarum Lactid Acid 

Bacteria onto S.aureus testing bacteria 

 

Figure 4. Result Antimicrobial analysis of Lactobacillus`plantarum Lactid Acid 

Bacteria onto E, coli and S. aureustesting bacteria 

 246 
As illustrated in Figure 4, VCO has the antimicrobial ability derived from two types of lactic 247 

acid bacteria against nine testing bacteria. It is seen that these lactic acid bacteria have a good ability 248 
to kill pathogenic bacteria; Listeria monocytogenes, and E. coli, as stated in [20], where the 249 

antimicrobial ability of Lacobacillus plantarum is found to be most effective against Listeria 250 
monocytogenes, E.coli and Bacillus subtilis testing bacteria. 251 

Table 2. Antimicrobial activity analysis of LAB in the form of clear zone diameter (mm). 252 

No. Testing Bacteria 
Lactobacillus 

plantarum 

Lactobacillus 

paracasei 

1. Escherichia coli 16 16 

2. ListeriaMonocitogenes 17 18 

3. BacillusSubstiliss 15 11 

4. SalmonellaTyphyphosa 12 11 

5. StaphillococcusAureus 11 11 

6. Pseudomonas aeruginase 17 14 

7. Klebsiella 13 12 

8. Staphilococcus epidermidis 13 12 

9. Proteus, 14 13 

 253 

In Table 2 it can be seen that the lactic acid bacteria present in the VCO are able to inhibit the 254 
growth of pathogenic bacteria as   StaphillococcusAureus, Pseudomonas aeruginase, Klebsiella,   255 
Staphilococcus epidermidis, and Proteus,  in accordance with[31] 256 

4. Conclusions 257 

Compared to coconut oil and palm oil, VCO has a higher content of Lauric Acid and lactic acid 258 
bacteria. Nevertheless, based on the content of water, free fatty acid, and Iodine number, all three 259 
kinds of oil are applicable to be used as biodiesels. VCO has other features in the field of health 260 
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because it has lactic acid bacteria that can kill pathogens, characterizing it as a antimicrobial, in 261 
contrast to coconut and palm oil. The lauric acid content of the VCO is the highest (54.06%) 262 
compared to the lauric acid content of coconut oil (0.45%), and palm oil (0%). Having a high acid 263 
number; 1.10165, and high saponification number and Iodine number demonstrate the characteristic 264 
of VCO, as it contains lauric acid with small molecules which are medium chain triglycerides (MCT). 265 
In the future, a more specialized assessment needs to be done, in the economic field to examine 266 
whether VCO is more appropriate as a fuel alternative or as an antimicrobial. 267 
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 20 

ABSTRACT 21 

Virgin Coconut Oil (VCO) is very nutritious to the human health because it contains of Lauric Acid 22 

and Lactic Acid Bacteria (LAB). The aims of this research is to study the uniqueness factors of VCO 23 

compared to coconut oil and palm oil. Lauric Acid content was analyzed by Chromatographic Gas 24 

method. Isolation of LAB ia was conducted by dilution method using MRSA + 0.5% CaCO3 media. 25 

In addition, the macromolecular identification was conducted by 16S rRNA. The results obtained 26 

shows that the content of Lauric Acid is considered high; 41% - 54.5% for VCO, where 0% for 27 

coconut oil, and 0. 11% forpalm oil.VCO 28 

. The VCO also contains LAB, namely Lac.plantarum and Lactobacillus paracasei , which has the 29 

ability to inhibit the growth of pathogenic bacteria, such asP.aeruginase, Kleibsiella, S.aureus, 30 

S.epidermidis, Proteus, E.coli, Lis.monocytogenes, B. cereus, and S. typhosa. Compare to VCO, coconut oil 31 

and palm oil do not have above mentioned bacteria.It is concluded that the uniqueness of VCO is 32 

that it has a high content of Lauric Acid, 54% and contains LAB. 33 

 34 

Keywords: Bacteriocin,Lactic Acid Bacteria (BAL) , Lauric Acid,Virgin Coconut Oil (VCO). 35 

 36 
 37 

1.Introduction 38 

The tropical biodiversity has been contributed to so many industrial products including 39 
pharmaceutical, biofuel and as well as energy storage materials. Some of sources from tropical 40 
biodiversity have been converted to pharmaceutical product such as drugs [1]. Where some other 41 
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such as Sterculiafoetida, Jatropha curcas, CalophylluminophyllumandReutealistrispermahave been 42 
converted to biodiesel to power internal combustion engine [2-5]. By using bioenergy such as 43 
biodiesel could reduce negative environmental impact on the environment especially by reducing 44 
carbon dioxide to atmosphere [6, 7]. Several of materials from tropical biodiversity have also been 45 
used for energy storage material than can replace batteries in the future [8-10]. This can help to store 46 
a significant amount of solar energy from tropical country which usually has plenty of sunrays[11]. 47 
Anotherexceptional plant from tropical biodiversity that has been used for many purposes is 48 
coconut, however, in this research the author attempts to studycoconut oil and their active 49 
ingredients. 50 

Virgin Coconut Oil (VCO) is one type of oil that can be made in several methods such asby 51 
fermenting coconut milk [1] and by adding microbes (Lactobacillus fermentum and Lactobacillus 52 
plantarum) as starter [2-4].TheVCO can also be produce through centrifugation and microwave 53 
process [5], and by fermentation without the addition of microbes as a starter [6]. This oil is also 54 
called virgin oil because it is made without any heating processes [7] 55 

The VCO has been used widely by many people because people believe that the VCO has some 56 
benefits compared to original coconut oil made from cooked coconut milk and palm oil. The VCO is 57 
useful for anti-microbial, or antibacterial and antiviral [3], and is useful for losing weight or helping 58 
obese people in terms of metabolism. It is due to that VCO contains Medium Chain Trigliserida 59 
which is initially digested or processed in the body out from carbohydrates that can cut back hunger. 60 
Thus, it causes obese people consume less carbohydrates which eventually reduce their weight [7]. 61 
By consuming the VCO, it also affects the healing of ovarianectomy [8], and can also used as an 62 
antioxidant [9]. The VCO can also reduce blood pressure [10]. In addition, VCO can also be used for 63 
skin care [11], as an external drug such as wound medicine, and can function as a probiotic [12]. Both 64 
VCO and palm oil have their own characteristics with different function. VCO charasteristics are 65 
more to medicine, probiotic, and cosmetics, whereas palm oil characteristics The composite 66 
characteristic of palmitat acid is excessive when it is utilized for thermal energy storage [15]. How 67 
ever, biodiesel is considered more economical when it is originated from vegetable oil which is 68 
inedible such as Ceiba petandra [16]. are more onto biodiesel  biodiesel [13-14]. The chemical 69 
composition of VCO has been studied in [17] including the iodine number, the saponification 70 
number, the amount of free fatty acids (% FFA), viscosity and color. This chemical composition need 71 
to be examined prior consumption in order to follow Asian and Pacific Coconut Community (APCC) 72 
standarisation, because VCO is originally made from fresh coconut milk 73 

The specialty of VCO has been known for its high Lauric Acid content, which is between 46.36 - 74 
48.42% [17]. VCO is the basic ingredient of coconut milk which is high in carbohydrates and protein, 75 
so if fermented there will be Lactic Acid Bacteria(LAB) [18]. Lactic Acid Bacteria from VCO have 76 
been isolated and their antimicrobial ability has also been studied [6]. This atypical microbial ability 77 
exists because LAB contain bacteriocin [19], [20] which can kill pathogenic bacteriaFurther, this 78 
bacteriocin Lactobacillus plantarum [18] has also been isolated as well. 79 

To study the features of VCO, it is necessary to analyze its fatty acid content [22] as has been 80 
studied the fatty acid content of fabaceae seed oil. The content of these fatty acids is usually analyzed 81 
by the Mass Spectra Chromatography Gas method [23], as in pomegranate seed oil and grapes. 82 

2. Materials and Methods 83 

Materials: 84 
The sample was Virgin Coconut Oil (derived from the fermented coconut milk), coconut oil (derived 85 
from heating the coconut milk), palm oild which are sold in the market. 86 
 87 
Chemical Material: 88 
For Lauric Acid Analysis, -hexan (p.a), CHCl3, Aquadest, reagent for sample preparation namely 89 
saturated NaCl, Na2SO4 anhidrat, BF3, , Methanol, and N2gas to stop the oxidation occured were used. 90 
The internal and exeternal of fatty acid standard. Whereas for Acid Number analysis (%FFA), 91 
95%Alcohol (pa), blue bromtimol indicator, phenolphtalein indicator, HCl 0.5 N Standard Solution, 92 
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and KOH Standard Solution were used.KOH ethanolics, HCl 0.5 N standard solution was taken for  93 
Saponification Number Analysis, and Potassium Iodide was used for Peroxide Number Analysis.  94 

Meanwhile MRSA + 0.5% CaCO3 media was used for Isolation of Lactid Acid Bacteria, and in order to 95 
increase their amount using MRS media.   96 
 97 
Instruments: 98 

The instrument taken were ordinary laboratory glassware like petri dish, erlenmeyer, test tube, and 99 
beaker glass, where all of them made from pyrex. In addition, Gas Chromatography GC GC-MS 100 
Shimadzu QP 2010S (Shimadzu Corp, Kyoto, Japan) was set for lauric acid analysis and Autocklav 101 
Yamata SN 21 for sterilization.  102 
 103 

 104 
 105 

Figure 1. Gas Chromatography GC GC-MS Shimadzu QP 2010S (Shimadzu Corp, Kyoto, Japan) 106 

 107 
Methods:  108 

 109 

 110 
Figure2. Method of a comparativestudy of virgin coconut oil, coconut oil and palm oil in terms of 111 

their active ingredients 112 

3. Results and Discussion 113 

3.1.The result of Lauric Acid, acid number,acid number, Saponification Number, Iodine Number, 114 
Free Fatty Acid % FFA and pH of Virgin Coconut Oil, coconut milk, and palm oil. 115 

According to the experimental study presented in previous Sections, it is proof that the 116 
peculiarity of Virgin Coconut Oil compared to coconut oil produced by heating the coconut milk, 117 
and the palm oil sold in the market is in the ingredients of its high Lauric Acid (54.06%), and its 118 
lactid acid bacteria (Lactobacillus plantarum dan Lactobacillus paracasei). In the presence of Lactid Acid 119 
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Bacteria containing bacteriocin, VCO characterizes as antimicrobial, in contrast to coconut and palm 120 
oil.  121 

Shown inTable 1. below that lauric acid ingredients of VCO is the highest which is 54.06%. In 122 
contrast, the lauric acid ingredients of coconut oil is 2.81%, and none for palm oil.  Table 1. Presents 123 
that there are two types of fatty acid content in VCO; 54.06% lauric acid and 12.06% stearat acid, and 124 
none for palmitic acid. The absence of this palmitic acid is because VCO is not formed by palm oil. It 125 
is based on the fact that the highest content of palmitic acid will exist in the oil originally from palm 126 
oil. The 54.06% of lauric acid content in VCO is considered high, compared to what has been 127 
obtained through this research [1]. It is because VCO is processed without heating or by 128 
fermentation. Thus the fatty acid carbon bonds are not broken, in other words, the fatty acid is 129 
included into Medium Chain Trigliserida, particularly the lauric acid. For coconut oil made from 130 
cooked coconut milk,apparently the lauric acid content is low which is 2.81%, containing 2.65% 131 
stearat acid, and possibly due to the production process which is cooked. Conversely to palm oil, 132 
absolutely there is no lauric acid content, whereas its palmitic acid is high; 2.28% compared to VCO 133 
and coconut oil.  134 

Table 1. The Result of Standardization and Ingridient sample 135 

Type of 

the oil 

Type of the fatty 

acid 

%  Acid 

number 

Saponification 

number 

%FF

A 

Iodin 

number 

pH 

 Lauric Acid 54.06      

VCO Palmitat Acid - 1.0165 348.003 0.264 5.3287 6.5 

 Stearat Acid 12.03      

        

Coconut 

oil 

Lauric Acid  2.81      

Palmitat Acid 2.31 0.39695 269.6266 0.281 7.023 6.9 

Stearat Acid 2.65      

        

Palm 

Oil 1 

Lauric Acid  0.45      

Palmitat Acid 2.88 0.39645 204.0045 0.51

5 

51.0042 6,6 

Stearat Acid -      

        

Palm 

Oil 2 

Lauric Acid  -      

Palmitat Acid 24.42 0.39645 203.02595 0.73

3 

49.71675 6.5 

Stearat Acid -      

 136 
From Table 1. above it can be said that VCO acid number is 1.0165 which is higher than coconut 137 

milk acid number in 0.39695, and palm oil acid number in 0.39645 [2]. It is as a result of the acid 138 
number showing that KOH and NaOH amount can neutralize the free fatty acid. It means that VCO 139 
acid number is higher than coconut oil and palm oil acid numbers caused by higher free fatty acid 140 
content of VCO.  141 

VCO saponification number is 348.003 whereas coconut milk saponification number is 269.6266 142 
which is higher than palm oil saponification number; 204.0045 due to saponification number that 143 
shows the number of fatty acid molecule. The bigger the saponification number, the smaller the 144 
molecule, or consisting of smaller fatty acid molecule or shorter chain, and the other way around. 145 
Hence, the higher the saponification number of VCO is because it consists of Medium Chain 146 
Trigliserida fatty acid [3], [4]. 147 

3.2. Result of LactidAcid Bacteria Isolation 148 
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Table 2. below presents the isolated result of lactic acid bacteria onto VCO, coconut oil, and 149 
palm oil. It is shown that VCO contains lactic acid bacteria, as when it was being isolated using 150 
MRSA + CaCO3 selective media, lactic acid bacteria colony which can grow in “Halo” area is found. 151 
This area is a clear zone where it can produce lactic acid neutralising CaCO3. It is in line with [5], and 152 
as an additional, the results in Figure 2 and 3 points out the identification of lactic acid bacteria using 153 
16S rDNA which turn out to be Lacobacillus plantarum and Lactobacillus paracasei as mentioned in [6], 154 
[7], and [8]. 155 

 156 
 157 
 158 
 159 

Table 2. Result of LactidAcid Bacteria Isolation 160 

Sample Result 

VCO 

 
Lactid acid bacteria isolate grown in MRS + 0,5% CaCO3 media 

coconut oil 

 
Result of lactid acid bacteria isolation from coconut oil with no 

evidence of growth 
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Palm oil 

 
lactid acid bacteria isolation obtained from palm oil with no 

evidence of growth 

3.3. Molecular Identification of Lactid Acid Bacteria 161 

Figure 3 below shows the result of molecular identification of LAB at the verification stage showing 162 
the size of DNA is 1500bp. Moreover, Figure 4 highlights the DNA arrangement of LAB.  163 

 164 

Figure3.Electrophoresis result on 4 isolates 165 

 166 
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Figure 4. Lactid acid bacteria resulted from isolation; Lactobacillus plantarum 167 

 168 

 169 

 170 

 171 

 172 

 173 

 174 

 175 

Figure 5. The result of molecular identification on lactid acid bacteria showing Lactobacillus paracasei. 176 

3.4. Result of Anti Microbial Analysis. 177 

Anti microbial analysis was oerformed between Lactobacillus paracasei lactid acid bacteria, and 178 
Lactobacillus plantarum onto testing bacteria; Pseudomonas aeruginase, Klebsiella, Staphilococcus aureus, 179 
Staphilococcus epidermidis, Proteus, from [24], Eschericia coli,  Listeria monocytogenes, Bacillus cereus, and 180 
Salmonella typhosa.Lactid Acid Bacteria which can inhibit the growth of testing or pathogenic bacteria 181 
is pointed ut in  182 

It is seen in Figure 5. below a clear zone determining that the growth of pathogenic bacteria can be 183 
inhabited by lactobacillus plantarum, and lactobacilus paracasei. 184 
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 185 
Illustrated in Table 3 below, here VCO has the antimicrobial ability derived from two lactic acid 186 

bacteria against nine testing bacteria. It is seen that these two lactic acid bacteria have good ability to 187 
kill pathogenic bacteria; Listeria monocytogenes, and then E.coli bacteria, as stated in [9], where the 188 
antimicrobial ability of Lacobacillus plantarum is the best rather than Listeria monocytogenes, E.coli and 189 
Bacillus sbtillis testing bacteria. 190 

 191 

Table 3. Anti microbial activity analysis of LAB on the form of clear zone diameter (mm) 192 

 193 

No. Testing Bacteria 
Lactobacillus 

plantarum 

Lactobacillus 

paracasei 

1. Escherichia coli 16 16 

2. ListeriaMonocitogenes 17 18 

3. BacillusSubstiliss 15 11 

4. SalmonellaTyphyphosa 12 11 

5. StaphillococcusAureus 11 11 

6. Pseudomonas aeruginase 17 14 

7. Klebsiella 13 12 

8. Staphilococcus epidermidis 13 12 

9. Proteus, 14 13 

4. Conclusions 194 

In the presence of Lactid Acid Bacteria containing bacteriocin, VCO characterizes as antimicrobial, in 195 
contrast to coconut and palm oil. The lauric acid content of VCO is the highest; 54.06% compared to 196 
lauric acid content; 0.45%, and palm oil which apparently has none. It means that VCO is 197 
exceptional, and can be the taken as medicine. Having high acid number; 1.10165, and high 198 
saponification number and Iodine number demonstrate the characteristic of VCO, as it contains 199 
lauric acid with small molecules which areMedium Chain Trigliserida (MCT), where initially will be 200 
digested in order to reduce weight.  201 
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 20 

ABSTRACT 21 

Virgin Coconut Oil (VCO) is very nutritious to human health because it contains Lauric Acid 22 

and Lactic Acid Bacteria (LAB). The aims of this research are to study the unique factors of VCO 23 

compared to coconut oil and palm oil. Lauric Acid content was analysed by the Chromatographic 24 

Gas method. Isolation of LABiawas conducted by the dilution method using MRSA + 0.5% CaCO3 25 

media. In addition, macromolecular identification was conducted by 16S rRNA. The results obtained 26 

show that the content of Lauric Acid is considered high; 41% - 54.5% for VCO, where 0% of coconut 27 

oil, and 0. 11% of palm oil. The VCO also contains LAB, namely Lac.plantarum and Lactobacillus 28 

paracasei, which has the ability to inhibit the growth of pathogenic bacteria, such as P.aeruginase, 29 

Kleibsiella, S.aureus, S.epidermidis, Proteus, E.coli, Lis.monocytogenes, B. cereus, and S. typhosa. Compare 30 

to VCO, coconut oil and palm oil do not have above mentioned bacteria. It is concluded that the 31 

uniqueness of the VCO is that it has a high content of Lauric Acid, 54% and contains LAB. 32 

 33 

Keywords: Bacteriocin, Lactic Acid Bacteria (BAL), Lauric Acid, Virgin Coconut Oil (VCO). 34 

 35 
 36 

1. Introduction 37 

The tropical biodiversity has been contributed to so many industrial products including 38 
pharmaceutical, biofuel and as well as energy storage materials. Some of the sources from tropical 39 
biodiversity have been converted to pharmaceutical product such as drugs [1]. Where some other 40 
such as Sterculiafoetida, Jatropha curcas, CalophylluminophyllumandReutealistrispermahave been 41 
converted to biodiesel to power internal combustion engine [2-5]. By using bioenergy such as 42 
biodiesel could reduce negative environmental impact on the environment, especially by reducing 43 
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carbon dioxide to atmosphere [6, 7]. Several of materials from tropical biodiversity have also been 44 
used for energy storage material than can replace batteries in the future [8-10]. This can help to store 45 
a significant amount of solar energy from tropical country which usually has plenty of sunrays [11]. 46 
Another exceptional plant from tropical biodiversity that has been used for many purposes is 47 
coconut, however, in this research the author attempts to study coconut oil and their active 48 
ingredients. 49 

Virgin Coconut Oil (VCO) is one type of oil that can be made in several methods such as by 50 
fermenting coconut milk [12] and by adding microbes (Lactobacillus fermentum and Lactobacillus 51 
plantarum) as a starter [13-15]. The VCO can also be produced through centrifugation and a 52 
microwave process [5], and by fermentation without the addition of microbes as a starter [17]. This 53 
oil is also called virgin oil because it is made without any heating processes [18] 54 

The VCO has been used widely by many people because people believe that the VCO has some 55 
benefits compared to original coconut oil made from cooked coconut milk and palm oil. The VCO is 56 
useful for anti-microbial, or antibacterial and antiviral [14], and is useful for losing weight or helping 57 
obese people in terms of metabolism. It is due to that VCO contains Medium Chain Trigliserida 58 
which is initially digested or processed in the body out from carbohydrates that can cut back hunger. 59 
Thus, it causes obese people to consume less carbohydrates, which eventually reduce their weight 60 
[18]. By consuming the VCO, it also affects the healing of ovariectomy [19], and can also be used as 61 
an antioxidant [20]. The VCO can also reduce blood pressure [10]. In addition, VCO can also be used 62 
for skincare [22], as an external drug such as wound medicine, and can function as a probiotic [23]. 63 
Both VCO and palm oil have their own characteristics with different function. VCO characteristics 64 
are more to medicine, probiotic, and cosmetics, whereas palm oil characteristics quite suitable to be 65 
converted to diesel fuel [24]. Not only palm oil, some other vegetable oils have also been proven to 66 
be economical and can be converted to biodiesel production in large scale [25-27]. The chemical 67 
composition of VCO has been studied in [28] including the iodine number, the saponification 68 
number, the amount of free fatty acids (% FFA), viscosity and colour. This chemical composition 69 
needs to be examined prior consumption in order to follow Asian and Pacific Coconut Community 70 
(APCC) standardisation because VCO is originally made from fresh coconut milk 71 

The specialty of VCO has been known for its high Lauric Acid content, which is between 46.36 - 72 
48.42% [28]. VCO is the basic ingredient of coconut milk, which is high in carbohydrates and protein, 73 
so if fermented there will be Lactic Acid Bacteria (LAB) [29]. Lactic Acid Bacteria from VCO have 74 
been isolated and their antimicrobial ability has also been studied [17]. This atypical microbial ability 75 
exists because LAB contains bacteriocin [30], [31] which can kill pathogenic bacteria further, this 76 
bacteriocin Lactobacillus plantarum [18] has also been isolated as well. 77 

To study the features of VCO, it is necessary to analyse its fatty acid content [33] as has been 78 
studied the fatty acid content of Fabaceae seed oil. The content of these fatty acids is usually 79 
analysed by the Mass Spectra Chromatography Gas method [34], as in pomegranate seed oil and 80 
grapes. 81 

2. Materials and Methods 82 

Materials: 83 
The sample was Virgin Coconut Oil (derived from the fermented coconut milk), coconut oil (derived 84 
from heating the coconut milk), palm oil which are sold in the market. 85 
 86 
Chemical Material: 87 
For Lauric Acid Analysis, -hexane (p.a), CHCl3, Aquadest, reagent for sample preparation, namely 88 
saturated NaCl, Na2SO4 anhydrate, BF3, Methanol, and N2gas to stop the oxidation occurred were 89 
used. The internal and external of fatty acid standard. Whereas for Acid Number analysis (%FFA), 90 
95%Alcohol (pa), blue bromothymol indicator, phenolphthalein indicator, HCl 0.5 N Standard 91 
Solution, and KOH Standard Solution were used. KOH ethanolic, HCl 0.5 N standard solution was 92 
taken for  Saponification Number Analysis, and Potassium Iodide was used for Peroxide Number 93 
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Analysis.  Meanwhile MRSA + 0.5% CaCO3 media was used for Isolation of Lactaid Acid Bacteria and 94 
in order to increase their amount using MRS media. 95 
Instruments: 96 
The instrument has taken where ordinary laboratory glassware like a petri dish, Erlenmeyer, test tube, 97 
and beaker glass, where all of them made from Pyrex. In addition, Gas Chromatography GC GC-MS 98 
Shimadzu QP 2010S (Shimadzu Corp, Kyoto, Japan) was set for lauric acid analysis and Autocklav 99 
Yamata SN 21 for sterilization. 100 

 101 
Figure 1. Gas Chromatography GC GC-MS Shimadzu QP 2010S (Shimadzu Corp, Kyoto, Japan). 102 

 103 
Methods:  104 

 105 

 106 
Figure 2. Method of a comparative study of virgin coconut oil, coconut oil and palm oil in terms of 107 

their active ingredients. 108 

3. Results and Discussion 109 

3.1. The result of Lauric Acid, acid number, acid number, Saponification Number, Iodine 110 
Number, Free Fatty Acid % FFA and pH of Virgin Coconut Oil, coconut milk, and palm oil. 111 

According to the experimental study presented in previous Sections, it is proof that the 112 
peculiarity of Virgin Coconut Oil compared to coconut oil produced by heating the coconut milk, 113 
and the palm oil sold in the market is in the ingredients of its high Lauric Acid (54.06%), and its 114 
Lactaid acid bacteria (Lactobacillus plantarum dan Lactobacillus paracasei). In the presence of Lactaid 115 
Acid Bacteria containing bacteriocin, VCO characterizes as antimicrobial, in contrast to coconut and 116 
palm oil.  117 

Shown in Table 1. Below that lauric acid ingredient of the VCO is the highest which is 54.06%. 118 
In contrast, the lauric acid ingredients of coconut oil is 2.81%, and none of the palm oil.  Table 1. 119 
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Presents that there are two types of fatty acid content in VCO; 54.06% lauric acid and 12.06% stearat 120 
acid, and none for palmitic acid. The absence of this palmitic acid is because VCO is not formed by 121 
palm oil. It is based on the fact that the highest content of palmitic acid will exist in the oil originally 122 
from palm oil. The 54.06% of lauric acid content in the VCO is considered high, compared to what 123 
has been obtained through this research [12]. It is because VCO is processed without heating or by 124 
fermentation. Thus the fatty acid, carbon bonds are not broken, in other words, the fatty acid is 125 
included into Medium Chain Triglycerides, particularly the lauric acid. Since coconut oil made from 126 
cooked coconut milk, apparently the lauric acid content is low which is 2.81%, containing 2.65% 127 
saturated acid, and possibly due to the production process which is cooked. Conversely to palm oil, 128 
absolutely there is no lauric acid content, whereas its palmitic acid is high; 2.28% compared to VCO 129 
and coconut oil.  130 

Table 1. The Result of Standardization and Ingredient sample 131 

Type of 

the oil 

Type of the fatty 

acid 

%  Acid 

number 

Saponification 

number 

%FF

A 

Iodin 

number 

pH 

 Lauric Acid 54.06      

VCO Palmitat Acid - 1.0165 348.003 0.264 5.3287 6.5 

 Stearat Acid 12.03      

        

Coconut 

oil 

Lauric Acid  2.81      

Palmitat Acid 2.31 0.39695 269.6266 0.281 7.023 6.9 

Stearat Acid 2.65      

        

Palm 

Oil 1 

Lauric Acid  0.45      

Palmitat Acid 2.88 0.39645 204.0045 0.51

5 

51.0042 6,6 

Stearat Acid -      

        

Palm 

Oil 2 

Lauric Acid  -      

Palmitat Acid 24.42 0.39645 203.02595 0.73

3 

49.71675 6.5 

Stearat Acid -      

 132 
From Table 1. above it can be said that VCO acid number is 1.0165 which is higher than the 133 

coconut milk acid number in 0.39695, and palm oil acid number in 0.39645 [13]. It is as a result of the 134 
acid number showing that KOH and NaOH amount can neutralize the free fatty acid. It means that 135 
the VCO acid number is higher than coconut oil and palm oil acid numbers caused by higher free 136 
fatty acid content of the VCO.  137 

The VCO saponification number is 348.003 whereas coconut milk saponification number is 138 
269.6266 which is higher than the palm oil saponification number; 204.0045 due to saponification 139 
number that shows the number of the fatty acid molecule. The bigger the saponification number, the 140 
smaller the molecule, or consisting of smaller fatty acid molecules or shorter chain, and the other 141 
way around. Hence, the higher the saponification number of the VCO is because it consists of 142 
Medium Chain Trigliserida fatty acid [14], [15]. 143 

3.2. Result of LactidAcid Bacteria Isolation 144 

Table 2. below presents the isolated result of lactic acid bacteria onto VCO, coconut oil, and 145 
palm oil. It is shown that VCO contains lactic acid bacteria, as when it was being isolated using 146 
MRSA + CaCO3 selective media, the lactic acid bacteria colony which can grow in “Halo” area is 147 
found. This area is a clear zone where it can produce lactic acid neutralising CaCO3. It is in line with 148 
[5], and as an additional, the results in Figure 2 and 3 points out the identification of lactic acid 149 
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bacteria using 16S rDNA which turn out to be Lacobacillus plantarum and Lactobacillus paracasei as 150 
mentioned in [6], [7], and [8]. 151 

Table 2. Result of LactidAcid Bacteria Isolation 152 

Sample Result 

VCO 

 
Lactid acid bacteria isolate grown in MRS + 0,5% CaCO3 media 

coconut oil 

 
Result of lactid acid bacteria isolation from coconut oil with no 

evidence of growth 

Palm oil 

 
lactid acid bacteria isolation obtained from palm oil with no 

evidence of growth 

3.3. Molecular Identification of Lactid Acid Bacteria 153 

Figure 3 below shows the result of molecular identification of LAB at the verification stage showing 154 
the size of DNA is 1500bp. Moreover, Figure 4 highlights the DNA arrangement of LAB.  155 
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 156 

Figure 3. Electrophoresis result on 4 isolates. 157 

 158 

Figure 4. Lactid acid bacteria resulted from isolation; Lactobacillus plantarum. 159 

 160 

 161 

 162 

 163 

 164 

 165 

 166 

 167 
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 168 

 169 

Figure 5. The result of molecular identification of lactid acid bacteria showing Lactobacillus paracasei. 170 

3.4. Result of Anti Microbial Analysis. 171 

Antimicrobial analysis was performed between Lactobacillus paracasei lactid acid bacteria, and 172 
Lactobacillus plantarum onto testing bacteria; Pseudomonas aeruginase, Klebsiella, Staphilococcus aureus, 173 
Staphilococcus epidermidis, Proteus, from [35], Eschericia coli,  Listeria monocytogenes, Bacillus cereus, and 174 
Salmonella typhosa. Lactid Acid Bacteria which can inhibit the growth of testing or pathogenic 175 
bacteria is pointed out in  176 

It is seen in Figure 5. below a clear zone determining that the growth of pathogenic bacteria can be 177 
inhabited by lactobacillus plantarum, and lactobacilus paracasei. 178 

 

 
 

Result of antimicrobial analysis of 

Lactobacillus`plantarum Lactid Acid 

Bacteria onto E, coli testing bacteria 

 

 
 

Result of antimicrobial analysis of 

Lactobacillus`plantarum Lactid Acid 

Bacteria onto S.aureus testing bacteria 

 

Figure 5. Result Antimicrobial analysis of Lactobacillus`plantarum Lactid Acid 

Bacteria onto E, coli and S. aureustesting bacteria 
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As illustrated in Table 3, VCO has the antimicrobial ability derived from two lactic acid bacteria 179 
against nine testing bacteria. It is seen that these two lactic acid bacteria have good ability to kill 180 
pathogenic bacteria; Listeria monocytogenes, and then E.coli bacteria, as stated in [20], where the 181 
antimicrobial ability of Lacobacillus plantarum is the best rather than Listeria monocytogenes, E.coli and 182 
Bacillus sbtillis testing bacteria. 183 

 184 

Table 3. Antimicrobial activity analysis of LAB in the form of clear zone diameter (mm) 185 

No. Testing Bacteria 
Lactobacillus 

plantarum 

Lactobacillus 

paracasei 

1. Escherichia coli 16 16 

2. ListeriaMonocitogenes 17 18 

3. BacillusSubstiliss 15 11 

4. SalmonellaTyphyphosa 12 11 

5. StaphillococcusAureus 11 11 

6. Pseudomonas aeruginase 17 14 

7. Klebsiella 13 12 

8. Staphilococcus epidermidis 13 12 

9. Proteus, 14 13 

4. Conclusions 186 

In the presence of Lactid Acid Bacteria containing bacteriocin, VCO characterizes as antimicrobial, in 187 
contrast to coconut and palm oil. The lauric acid content of the VCO is the highest; 54.06% compared 188 
to lauric acid content; 0.45%, and palm oil which apparently has none. It means that VCO is 189 
exceptional, and can be then taken as medicine. Having a high acid number; 1.10165, and high 190 
saponification number and Iodine number demonstrate the characteristic of VCO, as it contains 191 
lauric acid with small molecules which are Medium Chain Triglycerides (MCT), where initially will 192 
be digested in order to reduce weight.  193 

Contribution Author. 194 

Conceptualization: Suryani Suryani and Sariani Sariani; Resources: Marganof Marganof, and Suryani Suryani, 195 
Methodology: Suryani Suryani and Marganof Marganof; Software: Suryani Suryani; Validation: Suryani 196 
Suryani, Marganof Marganof; Formal analysis: Suryani Suryani and Marganof Marganof; Writing – original 197 
draft preparation: Sariani Sariani, Teuku Meurah Indra Mahlia and Suryani Suryani; Writing – review and 198 
editing: Suryani Suryani, Rahmawati, Femi Earnestly, Sariani Sariani and Wahyu Caesarendra; Project 199 
administration: Sevindrajuta, and Rahmawati. 200 

Funding:  201 

This research was funded by DRPM Kemenristekdikti, Indonesia year 2019, grant number: 232 202 
/SP2H/LT/DRPM/2019 dated DIPA 05 December 2018, SP DIPA-042 .06.1.401516/2019, Directorate of Research 203 
and Community Service, Ministry of Research, Technology, and Higher Institution 204 

Acknowledgments: 205 

There are many supports received for the establishment of this research, therefore the gratitudes are given to: 206 

1. Head of Basic Laboratory LLDIKTI, Area X.  207 

2. Head of LPPM University of Muhammadiyah, West Sumatera. 208 

3. Head of Agriculture Product Technology Laboratory, Andalas University. 209 

4. Head of Biochemistry Laboratory, Medical Faculty, Andalas University. 210 

The benefactors do not have any role in this research design; data collection, analysis, or data 211 
interpretation; manuscript writing, or in any decision made in publishing the result. 212 



Processes 2019, 7, x FOR PEER REVIEW 9 of 11 

 

References 213 

1. Damasceno de Oliveira, L. L.; Nunes, B.; Antunes, S. C.; Campitelli-Ramos, R.; Rocha, O., 214 

Acute and Chronic Effects of Three Pharmaceutical Drugs on the Tropical Freshwater 215 

Cladoceran Ceriodaphnia silvestrii. Water Air and Soil Pollution 2018, 229, (4). 216 

2. Kusumo, F.; Silitonga, A. S.; Ong, H. C.; Masjuki, H. H.; Mahlia, T. M. I., A comparative 217 

study of ultrasound and infrared transesterification of Sterculia foetida oil for biodiesel 218 

production. Energy Sources Part a-Recovery Utilization and Environmental Effects 2017, 39, (13), 219 

1339-1346. 220 

3. Ong, H. C.; Masjuki, H. H.; Mahlia, T. M. I.; Silitonga, A. S.; Chong, W. T.; Yusaf, T., Engine 221 

performance and emissions using Jatropha curcas, Ceiba pentandra and Calophyllum 222 

inophyllum biodiesel in a CI diesel engine. Energy 2014, 69, 427-445. 223 

4. Silitonga, A. S.; Mahlia, T. M. I.; Kusumo, F.; Dharma, S.; Sebayang, A. H.; Sembiring, R. W.; 224 

Shamsuddin, A. H., Intensification of Reutealis trisperma biodiesel production using 225 

infrared radiation: Simulation, optimisation and validation. Renewable Energy 2019, 133, 226 

520-527. 227 

5. Kusumo, F.; Silitonga, A. S.; Masjuki, H. H.; Ong, H. C.; Siswantoro, J.; Mahlia, T. M. I., 228 

Optimization of transesterification process for Ceiba pentandra oil: A comparative study 229 

between kernel-based extreme learning machine and artificial neural networks. Energy 2017, 230 

134, 24-34. 231 

6. Uddin, M.; Techato, K.; Taweekun, J.; Rahman, M.; Rasul, M.; Mahlia, T.; Ashrafur, S., An 232 

overview of recent developments in biomass pyrolysis technologies. Energies 2018, 11, (11), 233 

3115. 234 

7. Goh, B. H. H.; Ong, H. C.; Cheah, M. Y.; Chen, W.-H.; Yu, K. L.; Mahlia, T. M. I., 235 

Sustainability of direct biodiesel synthesis from microalgae biomass: a critical review. 236 

Renewable and Sustainable Energy Reviews 2019, 107, 59-74. 237 

8. Amin, M.; Putra, N.; Kosasih, E. A.; Prawiro, E.; Luanto, R. A.; Mahlia, T., Thermal 238 

properties of beeswax/graphene phase change material as energy storage for building 239 

applications. Applied Thermal Engineering 2017, 112, 273-280. 240 

9. Latibari, S. T.; Mehrali, M.; Mehrali, M.; Mahlia, T. M. I.; Metselaar, H. S. C., Synthesis, 241 

characterization and thermal properties of nanoencapsulated phase change materials via 242 

sol–gel method. Energy 2013, 61, 664-672. 243 

10. Mehrali, M.; Latibari, S. T.; Mehrali, M.; Mahlia, T. M. I.; Metselaar, H. S. C., Preparation and 244 

properties of highly conductive palmitic acid/graphene oxide composites as thermal energy 245 

storage materials. Energy 2013, 58, 628-634. 246 

11. Ismail, M. S.; Moghavvemi, M.; Mahlia, T., Techno-economic analysis of an optimized 247 

photovoltaic and diesel generator hybrid power system for remote houses in a tropical 248 

climate. Energy conversion and management 2013, 69, 163-173. 249 

12. Rini Handayani, Joko Sulistyo, Rita Dwi Rahayu, “Extraction of Coconut Oil (Cocos nucifera 250 

L.) through Fermentation System,” Biodiversitas, J. Biol. Divers.,2009, vol. 10, no. 3, pp. 151–251 

157,  252 

13. Neela Satheesh and N.B. Prassad, Optimization of Parameters for Fermentative Production 253 

of Virgin Coconut Oilby Lctobacillus Sp, Journal of Food Science and Engineering,, 2013, vol. 14, 254 

no. 2, pp. 312–317. 255 



Processes 2019, 7, x FOR PEER REVIEW 10 of 11 

 

14. Sri  Redjeki and Ely Kurniati, The Kinetic Reacion of Virgin Coconut Oil (VCO) 256 

Fermentation in an Ideal Bioreactor Tank in a Batch Process, J. Chem Chem. Eng, 2013,vol. 7, 257 

no. 1, pp. 159–163. 258 

15. Sadiah Djajasoepena, O. Suprijana, and Meyli Resmelia, Virgin coconut oil production by 259 

fermentation using Saccharomyces cerevisiae, Proceeding of The 2nd International Seminar 260 

On Chemistry, Jatinangor Bandung Indonesia, 24-25 November,2011, pp 141-144. 261 

16. Wong Pei Wen, Production of virgin coconut oil (VCO) via combination of microwave and 262 

centrifugation method, Bachelor of Chemical Engeering, University Malaysia Pahang, 263 

November 2010. 264 

17. Suryani, A. Dharma, Y. Manjang, S. Arief, E. Munaf, and N. Nasir, Antimicrobial and 265 

Antifungal Activity of Lactic Acid Bacteria Isolated from Coconut Milk Fermentation .,Res. J. 266 

Pharm. , Biol. Chem. Sci, 2014, vol. 5, no. 6, pp. 1587–1595 267 

18. Gopala Krissna A.G, Gauv Raj, Ajit Singh Bhatnagar, Prasant Kumar P. K, and Preeti 268 

Chandrashekar, Coconut Oil : Chemistry , Production and Its Applications - A 269 

Review,Indian Coconut J, 2010,  pp. 15–27. 270 

19. Mouna Abdelrahman Abujazia, Norliza Muhammad, Ahmad Nazrun Shuid, and Irma 271 

Nirwana Soelaiman, The Effects of Virgin Coconut Oil on Bone Oxidative Status in 272 

Ovariectomised Rat, Evidence-BasedComplementaryand Alternative Maedicine, 2012, pp 1-6  273 

20. Arlee R, Suanphairoch. S, and Pakdeechanuan P, Differences in chemical components and 274 

antioxidant-related substances in virgin coconut oil from coconut hybrids and their 275 

parents,Int. Food Res. J,  2013, vol. 20, no. 5, pp. 276 

21. Badlishah Sham. Nurul-iman, Y. Kamisah, K. Jaarin, H. Mohd, and S. Qodriyah, “Virgin 277 

Coconut Oil Prevents Blood Pressure Elevation and Improves Endothelial Functions in Rats 278 

Fed with Repeatedly Heated Palm Oil, Evidence-BasedComplementaryand Alternative 279 

Maedicine, 2013, pp 1-7. 280 

22. Satheesh Neela, N.B.I. Prasad, Induced Fermentative Production of Virgin oconut Oil, Asian 281 

Journal of Food and Agro-Industry,2012, vol. 5, ()05, pp. 183–192. 282 

23. Vijaya Manohar, Bobby Echard, Nicholas Perricone, Cass Ingram,Mary Enig, In Vitro and In 283 

Vivo Effects of Two Coconut Oils in Comparison to Monolaurin on Staphylococcus aureus: 284 

Rodent Studies ,J. Med. Food,2013 , vol. 16(6), pp. 499–503,  285 

24. Ong, H. C.; Masjuki, H. H.; Mahlia, T. M. I.; Silitonga, A. S.; Chong, W. T.; Leong, K. Y., 286 

Optimization of biodiesel production and engine performance from high free fatty acid 287 

Calophyllum inophyllum oil in CI diesel engine. Energy Conversion and Management 2014, 81, 288 

30-40. 289 

25. Silitonga, A. S.; Masjuki, H. H.; Ong, H. C.; Sebayang, A. H.; Dharma, S.; Kusumo, F.; 290 

Siswantoro, J.; Milano, J.; Daud, K.; Mahlia, T. M. I.; Chen, W. H.; Sugiyanto, B., Evaluation 291 

of the engine performance and exhaust emissions of biodiesel-bioethanol-diesel blends 292 

using kernel-based extreme learning machine. Energy 2018, 159, 1075-1087. 293 

26. Silitonga, A.; Shamsuddin, A.; Mahlia, T.; Milano, J.; Kusumo, F.; Siswantoro, J.; Dharma, S.; 294 

Sebayang, A.; Masjuki, H.; Ong, H. C., Biodiesel synthesis from Ceiba pentandra oil by 295 

microwave irradiation-assisted transesterification: ELM modeling and optimization. 296 

Renewable Energy 2020, 146, 1278-1291.   297 



Processes 2019, 7, x FOR PEER REVIEW 11 of 11 

 

27. Ong, H. C.; Milano, J.; Silitonga, A. S.; Hassan, M. H.; Shamsuddin, A. H.; Wang, C. T.; 298 

Mahlia, T. M. I.; Siswantoro, J.; Kusumo, F.; Sutrisno, J., Biodiesel production from 299 

Calophyllum inophyllum-Ceiba pentandra oil mixture: Optimization and characterization. 300 

Journal of Cleaner Production 2019, 219, 183-198. 301 

28. Mansor, T.S.T, Che Man Y.B, Shuhaimi, M, Abdul Afiq, M.J.and Ku Nurul F.K M 302 

Physicochemical properties of virgin coconut oil extracted from different processing 303 

methods,.Int. Food Res. J , 2012, vol. 19, no. 3, pp. 837–845. 304 

29. Fernanda Mozzi, Raul R. Raya, Graciella M. Vignolo, Biotechnology of Lactid Acid Bacteria 305 

Novel Aplication. 1st,  2010, Willey- Blackwell, USA, pp 89-125 306 

30. Maria Florensia Fangio and Rosalia Fritz, Potential use of a bacteriocin-like substance in 307 

meat and vegetable food biopreservation,Int. Food Res. J, 2014, vol. 21, no. 2, pp. 677–683. 308 

31. N. Rafi Sankar, V. Deepthe Priyanka, and P. Srinivas Reddy, Purification and 309 

Characterization of Bacteriocin Produced by Lactobacillus plantarum Isolated from Cow 310 

Milk, International Journal of Microbiological Research, 2012, vol. 3, no. 2, pp. 133–137,  311 

32. Suryani, Dharma A, Manjang Y, Arief S, Afrijon and Nasir N, Isolation and Characterization 312 

of Bacteriocins Bacteria Lactobacillus Plantarum Strain NM 187-5 from Fermantation 313 

Process which contained on Coconut Milk,Transylvanian Rev, 2016, vol. XXIV, no. 6. 314 

33. Lan Phuong Doan, Thi Thuy Nguyen, Minh Quam Pham, and Quoc Toan Tran, Extraction 315 

Process, Identification of Fatty Acids, Tocopherols, Sterols, and Phenolic Constituents and  316 

Antioxidant Evaluation of Seed Oils from Five,Fabaceae Species, Processes, 2019, 7 (456). pp. 317 

1–11. 318 

34. Dia F. Alfekaik and Sawsan  A. Al-Hilfi, Fatty Acids Composition by (GC-MS) and Most 319 

Important Physical Chemicals Parameters of Seed Oil Pomegranate and Grape Seeds, 320 

JournalBiology, Agriculture, and Healthcare, 2016, Volume 6 no 8, pp 25-32. 321 

35. Suryani Suryani, Zulmardi, Abdi Dharma, Nasril Nasir, Isolation and Identification of 322 

Pathogenic Bacteria Secretion od Chronic Suppurative Otitis Media Patients, Rasayan 323 

J.Chem.2018 , Vol 11, No 3, pp 1139-1143. 324 

 325 



  

Processes 2020, 8, x; doi: www.mdpi.com/journal/processes 

Article 

A Comparative Study of Virgin Coconut Oil, Coconut 

Oil and Palm Oil in Terms of Their Active 

Ingredients 

Suryani Suryani1,*, Sariani Sariani 2, Femi Earnestly 3, Marganof Marganof 4, Rahmawati 

Rahmawati54, Sevindrajuta Sevindrajuta64, Teuku Meurah Indra Mahlia 75 and Ahmad Fudholi 86 

1,3 Department of Chemistry, Faculty of Science and Technology, Muhammadiyah University of West 

Sumatera, 25171, Padang, West Sumatera, Indonesia,, suryani@umsb.ac.id,(SS) femiumsb@gmail.com (FE) 
2 Department of English, Politeknik Negeri Padang, 2500, Padang, West Sumatera , Indonesia; 

sarianipasni@yahoo.com 
43 Department of Forestry, Faculty of Foresttry, Muhammadiyah University of West Sumatera,25171, Padang, 

West Sumatera, Indonesia; femiumsb@gmail.com marganofkarani@ymail.com. 
4 Department of Agro Technology, Faculty of Agriculture, Muhammadiyah University of West Sumatera, 

25171,Padang, West Sumatera, Indonesia; marganofkarani@ymail.com (M.M.); 

rahmawati_3007@yahoo.co.id (R.R.); juta_indra@yahoo.co.id (S.S.) 
5 School of Information, Systems and Modelling, Faculty of Engineering and Information Technology, 

University of Technology Sydney, Sydney NSW 2007, Australia; tmindra.mahlia@uts.edu.au 
6 Solar Energy Research Institute, Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Malaysia; 

a.fudholi@ukm.edu.my 

* Correspondence: suryani@umsb.ac.id 

Received: 21 November 2019; Accepted: 19 March 2020; Published: date 

ABSTRACT: This research aims to study the unique factors of virgin coconut oil (VCO) compared 

with coconut oil (i.e., coconut oil processed through heating the coconut milk and palm oil sold on 

the market). Its novelty is that it (VCO) contains lactic acid bacteria and bacteriocin. Lauric acid 

content was analyzed by the Chromatographic Gas method. Isolation of lactic acid bacteria (LAB) 

was conducted by the dilution method using MRSA + 0.5% CaCO3 media. Iodium number, 

peroxide, and % FFA were analyzed using a general method, and isolation bacteriocin by the 

deposition method using ammonium sulfate. In addition, macromolecular identification was 

conducted by 16S rRNA. VCO was distinguished by a higher content of lauric acid (C12:0) 41%–

54.5% as compared with 0% coconut and palm oils (0% and 0.11%, respectively). The VCO also 

contains LAB, namely Lactobacillus plantarum and Lactobacillus paracasei, and can inhibit the growth 

of pathogenic bacteria, such as Pseudomonas aeruginosa, Klebsiella, Staphylococcus aureus, S. 

epidermidis, Proteus, Escherichia coli, Listeria monocytogenes, Bacillus cereus, Salmonella typhosa and 

bacteriocin. Comparison with VCO is based on having a high content of lauric acid, 54%, and LAB 

content. The difference between VCO and coconut oil and palm oil is fatty acids. In VCO there are 

lauric acid and stearic acid, namely lauric acid VCO (A) 54.06%, VCO (B) 53.9% and VCO (C) 

53.7%. The content of stearic acid VCO (A) is 12.03%, VCO (B) 12.01% and VCO (C) 11.9%. Coconut 

oil contains a little lauric acid, which is 2.81%, stearic acid 2.65% and palmitic acid 2.31%. Palm oil 

can be said to have very little lauric acid, namely in palm oil 1, 0.45%, and even in palm oil 2, 0%; in 

turn, palmitic acid palm oil 1 has 2.88% and palm oil 2 palmitic acid 2 has 24.428% .and 88%. 

Keywords: bacteriocin; lactic acid bacteria (LAB); lauric acid; virgin coconut oil (VCO) 
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Virgin coconut oil (VCO) can be made through several methods, such as by fermenting coconut 

milk [1–3] and by adding microbes (Lactobacillus fermentum and Lactobacillus plantarum) as starter 

cultures [4,5]. VCO can also be produced through centrifugation [6] and microwave processes [7], 

and by fermentation without the addition of microbes as a starter [8]. This oil is called virgin oil 

because it is made without any heating [9]. 

VCO has been used widely because it is believed to have benefits compared to coconut oil, 

made through a heating process, and palm oil. VCO is useful against microbes, bacteria and viruses 

[10], and is useful for helping one lose weight in terms of metabolism. VCO contains medium chain 

triglycerides [11,12], which is initially digested or processed in the body from carbohydrates that can 

cut back hunger [13]. Thus, it causes people to consume less carbohydrates, which eventually 

reduces body weight [14,15]. VCO also affects the healing after an ovariectomy [16] and can be used 

as an antioxidant [17]. VCO can also reduce blood pressure. In addition, VCO can also be used for 

skincare [18–20], as an external drug, such as wound medicine, and can function as a probiotic [4,21–

23]. 

VCO and palm oil have different characteristics with different functions [24–26]. VCO 

gravitates more towards medicine, probiotics and cosmetics, whereas palm oil characteristics are 

quite suitable to be converted to diesel fuel. Other vegetable oils than palm oil have also been proven 

to be economical and can be converted to biodiesel production at a large scale [27–29]. The chemical 

composition of VCO has been studied in including the iodine number, the saponification number, 

the amount of free fatty acids (% FFA), viscosity and color. This chemical composition needs to be 

examined prior to consumption in order to follow Asian and Pacific Coconut Community (APCC) 

standardization, because VCO is originally made from fresh coconut milk [30] 

VCO has been known for its high lauric acid content, which is between 46.36% and 48.42% [31] 

Processed from coconut milk, which is high in carbohydrates and proteins, the fermentation process 

of VCO results in lactic acid bacteria (LAB) [32–35]. LAB from VCO have been isolated and their 

antimicrobial ability also has been studied [36]. This atypical microbial ability exists because LAB 

contains bacteriocin, which can kill pathogenic bacteria. Further, bacteriocin from Lactobacillus 

plantarum [34,35,37,38] has been isolated as well. Thus, the aim of the research was comparison of the 

psychochemical parameters and contents of the fatty acids (lauric, palmitic and stearic) of coconut 

oil, palm oil and VCO as indicators of the characteristics of each oil. The antimicrobial ability of VCO 

was also analyzed. 

The newest fact referring to VCO, which is yet to be acknowledged, is the presence of lactic acid 

bacteria (LAB) in the oil and blondo layers (VCO dregs). This LAB will be present when VCO is 

made through traditional fermentation processes or fermentation using the existing bacteria in the 

air [36]. 

2. Materials and Methods 

2.1. Materials 

The samples were three types of virgin coconut oils, with different methods of 

extraction/fermentation, coconut oil derived from heating coconut milk and consumer-grade palm 

oil. 

2.1.1. Chemical Material 

For lauric acid analysis, -hexane (p.a), CHCl3 and Aquadest reagent for sample preparation, 

namely saturated NaCl, Na2SO4 anhydrate, BF3, methanol and N2gas to stop the oxidation occurring, 

were used. The internal fatty acid standard was used. Whereas, for acid number analysis (%FFA), 

95% alcohol (pa), blue bromothymol indicator, phenolphthalein indicator, HCl 0.5 N standard 

solution and KOH standard solution were used. KOH ethanolic, HCl 0.5 N standard solution was 

taken for saponification number analysis, and potassium iodide was used for peroxide number 

analysis. Meanwhile MRSA (deMann Rogosa Sharpe Agar) p.a + 0.5% CaCO3 media was used for 

isolation of lactic acid bacteria and in order to increase their amount using MRS media. The materials 
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used for isolation bacteriocin were MRSB media (Merck), Lactobacillus plantarum M0, ammonium 

sulfate (NH4) 2SO4, phosphate buffer, DEAE cellulose, butanol, SDS stacking gel and markers. 

2.1.2. Instruments 

The instrument used where ordinary laboratory glassware, such as petri dishes, Erlenmeyer 

flasks, test tubes and beaker glass, all of them made by Pyrex. In addition, gas chromatography (GC) 

GC–MS Shimadzu QP 2010S (Shimadzu Corp, Kyoto, Japan) was set for lauric acid analysis and 

Autocklav Yamata SN 21 for sterilization and laminar flow as the working media for isolating the 

bacteria and for performing antimicrobial analysis. 

2.2. The Standardization of the VCO 

2.2.1. The Determination of pH 

The pH of the sample is determined using the pH meter in accordance with the applicable 

general procedure. 

2.2.2. The Analysis of Fatty Acid Sample Using GC–MS 

Prior to injecting the sample into a GC–MS instrument, the oil sample was prepared by setting 

50 g of VCO sample and adding 400 µL of NaOH Metanolic. This mixture was vortexed and heated 

at 50 °C for 10 min. After undergoing the cooling process, 1 mL CH3COOH, 1 mL distilled water and 

1 mL n-hexane were added, respectively. Then this mixture was vortexed and cooled for several 

minutes where two layers were formed as the result. 

About 1 µL at the top layer was taken as the sample to be injected and analyzed in a GC–MS, 

Shimadzu QP2010  which was equipped with capillary column of (30 m) × 0.25 mm ID; 0.25 ìm 

(interspersed by DB5MS. Japan), by injecting the sample into the capillary column. The carrier gas 

was helium, where the injector and detector temperatures were set at 280 °C. The injection was 

performed using the split mode (1:30). The column temperature was programmed to change from 50 

°C to 280 °C at a rate of 5 °C per minute. Fatty acid ethyl esters were separated at the constant 

pressure (100 kPa), and the peak was identified through the comparison of mass spectra with mass 

spectral as the database (internal standard). The compound identification was with regard to the 

comparison of its mass spectrum with the NIST Mass Spectral Library 2008. 

2.2.3. The Determination of Water Content 

Porcelain dishes along with loose-fitting covers were cleaned and dried in the dryer oven at 105 

°C for 1 h. Then they were taken using a pair of clamps and inserted into desiccators where the lid 

was detached. Soon after the dish has cooled, the lid was tightened and weighed. A 2 g sample was 

weighed into the dish and undergone another eight hours dry-heating in a hot-air oven at 105 °C, 

until reaching a constant weight. Another cooling process in the desiccators was conducted for 30 

min before determining its water level. 

2.2.4. The Determination of Acid Number 

A total of 5 g of the sample was weighed into a 300 mL Erlenmeyer flask, and then 25 mL 

neutral alcohol was added; after that the flask was connected to an upright condenser, and boiled for 

30 min. After cooling down, the sample was titrated with NaOH 0.1 M using a pp indicator. The 

volume of the NaOH titer was recorded. 

2.2.5. The Determination of Iodine Number 

A total of 0.5 g of oil was weighted in a covered Erlenmeyer flask, then 10 mL chloroform was 

added and shaken. Then 15 mL Wij’s solution was added and shaken slowly for another 30 min 

where the Erlenmeyer continued to be covered. The lid and inner wall of the Erlenmeyer were 

washed with 50 mL distilled water (initially heated and cooled). The next step was titration with 0.1 
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N Tio (Na2S2O3) until the color changed into light brown, and 2 mL of 1% starch was used as 

indicator. The titration was continuously conducted until the dark blue color disappeared. 

2.2.6. The Isolation of Lactic Acid Bacteria 

The oil sample was diluted utilizing saline solution with dilution up to 10−7. Then this sample 

was planted on the dish containing MRSA + 0.5% CaCO3 selective media, and incubated overnight at 

37 °C. The growth was observed. 

2.2.7. The Molecular Identification 

Initially, the identification began with isolating genomic DNA of lactic acid bacteria, then, 

continued by amplifying 16S rRNA gen. In order to determine the size of its DNA, this gen was 

analyzed using electrophoresis gel and ended with sequencing. 

2.2.8. Antimicrobial Analysis 

The antimicrobial analysis was carried out using the agar-disk method, which has been 

modified using a disk made from filter paper. It was assumed that 1 unit of antimicrobial activity 

was defined as the 1 mm2 inhibited zone area or “halo” zone. It began with testing bacteria grown on 

NA media (Merck) of 1.5% agar concentration at 37 °C. Incubated overnight, 1 dose of testing 

bacteria was moved into test tubes containing 10 mL sterile distilled water. After that, the cell 

numbers were conformed to McFarland 0.5, which was estimated to be 106–107 CFU mL−1. 

Toothpicks wrapped with cotton and sterilized were dipped into testing bacteria (more or less 100 

µL). After being left to dry, we took the filter paper that was sterilized and perforated it like a disk 

with a 80 mm diameter, dipped it into LAB isolate, and stuck it onto the solid media surface in petri 

dishes, which were smeared by testing bacteria. Samples were incubated for the period of 3 × 24 h 

and observed until the clear zone or “halo” zone was formed, indicating the occurrence of the 

growth inhibition of pathogenic bacteria by lactic acid bacteria. Finally, the diameter of the clear 

zone was measured. 

3. Results and Discussion 

3.1. Composistion and Properties of VCO, Coconut Oil and Palm Oil 

From the research conducted on virgin coconut oil (VCO), coconut oil and palm oil, differences 

among the three were found. Virgin coconut oil contains lauric acid (53.70%–54.06%), stearic acid 

(2.65%–12.10%) and lactic acid bacteria (Lactobacillus plantarum and Lactobacillus paracasei). Coconut 

oil contains very little lauric acid (and stearic and palmitic acids), while palm oil contains only 

palmitic acid. Because of the presence of lactic acid bacteria containing bacteriocin, VCO is 

characterized as an antimicrobial, in contrast to coconut and palm oils. 

As shown in Table 1 below, the lauric acid content of VCO is the highest with 54.06%. In 

contrast, coconut oil contains only 2.81% and palm oil none (0%). Table 1 shows that there are two 

types of fatty acid contents in VCO; 54.06% lauric acid and 12.06% stearic acid, and no (0%) palmitic 

acid. The absence of palmitic acid is because VCO is not made of palm oil. Palmitic acid is found in 

palm oil. The lauric acid content of VCO is considered high compared to what has been obtained 

through this research [12]. This is because VCO is processed without heating, or through 

fermentation. Thus, the fatty acid carbon bonds are not broken, in other words, the fatty acid is in the 

form of medium chain triglycerides, particularly lauric acid. On the other hand, coconut oil made 

from cooked coconut milk has a low lauric acid content, 2.81%, containing 2.65% saturated acids due 

to the production process involving heating. Conversely, palm oil has absolutely no lauric acid 

content, whereas its palmitic acid is high (2.28%) compared to VCO and coconut oil. 
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Table 1. The results: Composition and properties of virgin coconut oil, coconut oil and palm oil. 

Type of 

the Oil 
Fatty Acids % 

Acid 

Number 

Saponification 

Number 
%FFA 

Iodine 

Number 
pH 

Water 

Content 

% 

VCO (A) 

Lauric Acid 

(C12:0) 
54.06 

1.01 348.00 0.26 5.32 6.50 0.11 
Palmitic 

Acid 
- 

Stearic 

Acid(C18:0) 
12.03 

VCO (B) 

Lauric Acid 

(C12:0) 
53.90 

1.03 345.70 0,25 5.24 6.40 0.12 
Palmitic 

Acid (C16:0) 
- 

Stearic Acid 

(C18:0) 
12.01 

VCO (C) 

Lauric Acid 

(C12:0) 
53.70 

1.02 346.64 0.26 5.25 6.50 0.11 
Palmitic 

Acid (C16:0)  
- 

Stearic Acid 

(C18:0) 
11.9 

Coconut 

oil 

Lauric Acid 

(C12:0) 
2.81 

0.39 269.62 0.28 7.02 6.90 0.11 
Palmitic 

Acid (C16:0) 
2.31 

Stearic Acid 

(C18:0) 
2.65 

Palm Oil 

1 

Lauric Acid 

(C12:0) 
0.45 

0.39 204.00 0.51 51.00 6.60 0.09 
Palmitic 

Acid (C16:0) 
2.88 

Stearic Acid 

(C18:0) 
- 

Palm Oil 

2 

Lauric Acid 

(C12:0) 
- 

0.39 203.02 0.73 49.71 6.50 0.09 
Palmitic 

Acid (C16:0) 
24.42 

Stearic Acid 

(C18:0) 
- 

From Table 1 above it can be said that VCO has an acid number of 1.0165, which is higher than 

coconut milk (acid number of 0.39695) and palm oil (acid number of 0.39645). VCO water content is 

similar to palm oil, which is 0.11%, whereas coconut oil processed through heating has a lower water 

content of 0.10%. However, the water content of the three samples still meet the limit standard of 

cooking oil 2177 SNI 3741 2013. In other words, the smaller number of the three samples’ water 

content simplifies the heating process so the three samples can be used as biodiesels, in accordance 

with current guidelines. 

The analysis result of % FFA contains 0.264 VCO, 0.281 coconut oil and 0.51 palm oil. It shows 

that VCO heating process is much better than other oil samples according to the study of the VCO 

saponification number being 348.003, whereas coconut milk has a saponification number of 269.6266 
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and palm oil 204.0045. The high saponification number reflects the number of the fatty acid 

molecules. The bigger the saponification number, the smaller the molecules, or consisting of smaller 

fatty acid molecules or shorter chains, and vice versa. Hence, the higher saponification number of 

the VCO is because it consists of medium chain triglyceride fatty acids [14,42]. The higher 

saponification number compared to palm and coconut oils mean that the saponification occurring in 

VCO is greater, even though still within tolerable limits. 

3.2. Result of Lactid Acid Bacteria Isolation 

Figure 1 below presents the isolated result of lactic acid bacteria onto VCO, coconut oil and 

palm oil. It is shown that VCO contains lactic acid bacteria, as when it was being isolated using 

MRSA + CaCO3 selective media, the lactic acid bacteria colony that can grow in the “Halo” area is 

found. This area is a clear zone where it can produce lactic acid, neutralizing CaCO3. It is in line with, 

and as an addition to, the results in Figures 2 and 3, pointing out the identification of the lactic acid 

bacteria using 16S rDNA, which turned out to be Lactobacillus plantarum and Lactobacillus paracasei as 

mentioned. 

 

Figure 1. Lactid acid bacteria isolate grown in MRS + 0.5% CaCO3 media. 

It can be seen, in Figure 1, there is a clear area; in the middle there is a white dot that is a colony 

of lactic acid bacteria present in the VCO oil. This is proof that VCO contains lactic acid bacteria 

[29,32]. 

Meanwhile, in Figure 2, is a petri dish filled with coconut oil and palm oil grown on the same 

media. No visible growth of lactic acid bacteria was observed. This proves that lactic acid bacteria do 

not exist in coconut oil and palm oil. This is in accordance with [8,35,43] but not so in [35], who only 

uses MRSA media without the addition of CaCO3. But growing colonies are not in the “Halo” area. 
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Figure 2. Result of lactid acid bacteria isolation from coconut oil and from palm oil with no evidence 

of growth. 

3.3. Molecular Identification of Lactid Acid Bacteria 

The molecular identification of lactic acid bacteria produced Lactobacillus plantarum, as shown in 

the data below Figure 3. 

 

Figure 3. Lactid acid bacteria gene sequence from isolation of Lactobacillus plantarum. 
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Figure 4. The result of molecular identification of lactid acid bacteria showing Lactobacillus paracasei. 

3.4. Result of Antimicrobial Analysis 

The antimicrobial ability of VCO is also analyzed below. Antimicrobial analysis was performed 

with Lactobacillus paracasei and Lactobacillus plantarum lactic acid bacteria onto the following testing 

bacteria: Pseudomonas aeruginosa, Klebsiella, Staphylococcus aureus, Staphylococcus epidermidis, Proteus, 

from [31,35], Escherichia coli, Listeria monocytogenes, Bacillus cereus, and Salmonella typhosa. 

As seen in Figure 54 below, clear zones show that the growth of pathogenic bacteria was 

inhibited by Lactobacillus plantarum and Lactobacillus paracasei. 

 
Result of antimicrobial analysis of 

Lactobacillus plantarum lactid acid 

bacteria onto E. coli testing bacteria. 

 
Result of antimicrobial analysis of 

Lactobacillus plantarum lactid acid 

bacteria onto S. aureus testing bacteria 

Figure 54. Results of the antimicrobial analysis of Lactobacillus plantarum lactid acid bacteria onto E. 

coli and S. aureus testing bacteria. 

As illustrated in Figure 4, VCO has the antimicrobial ability derived from two types of lactic 

acid bacteria against nine testing bacteria. It is seen that these lactic acid bacteria have a good ability 

to kill pathogenic bacteria, e.g., Listeria monocytogenes and E. coli, as stated in [8], where the 

antimicrobial ability of Lactobacillus plantarum is found to be most effective against Listeria 

monocytogenes, E.coli and Bacillus subtilis testing bacteria. 

In Table 2 it can be seen that the lactic acid bacteria present in the VCO are able to inhibit the 

growth of pathogenic bacteria as Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella, 

Staphylococcus epidermidis, and Proteus, in accordance with [36]. 

Table 2. Antimicrobial activity analysis of LAB in the form of clear zone diameter (mm). 

No. Testing Bacteria 
Lactobacillus 

plantarum 

Lactobacillus 

paracasei 

1. Escherichia coli 16 16 

2. Listeria monocytogenes 17 18 

3. Bacillus substiliss 15 11 

4. Salmonella typhyphosaSalmonella typhy 12 11 

5. Staphylococcus aureus 11 11 

6. Pseudomonas aeruginosa 17 14 

7. Klebsiella 13 12 

8. Staphylococcus epidermidis 13 12 

9. Proteus 14 13 

4. Conclusions 
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Compared with coconut oil and palm oil, virgin coconut oil (VCO) has a higher content of lauric 

acid and lactic acid bacteria. Nevertheless, based on the content of water, free fatty acid and iodine 

number, VCO has other features in the field of health because it has lactic acid bacteria that can kill 

pathogens, characterizing it as an antimicrobial, in contrast to coconut and palm oil. The lauric acid 

content of the VCO is the highest (54.06%) compared to the lauric acid content of coconut oil (0.45%) 

and palm oil (0%). Having a high acid number, 1.10165, and high saponification number and iodine 

number demonstrate the characteristic of VCO, as it contains lauric acid with small molecules, which 

are medium-chain triglycerides (MCT). In the future, a more specialized assessment needs to be 

done, especially in the economic field to examine whether VCO is more appropriate as a fuel 

alternative or as an antimicrobial. 
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ABSTRACT 

. This research aims  to study the unique factors of Virgin Coconut Oil (VCO)  compared  with 

coconut oil (i.e., coconut oil processed through heating the coconut milk and palm oil sold on the market. 

Its novelty is that it (VCO) contains lactic acid bacteria and bacteriocin.  Lauric acid content was analyzed 

by the Chromatographic Gas method. Isolation of LAB was conducted by the dilution method using 

MRSA + 0.5% CaCO3 media. Iodium number, peroxide, % FFA is analyzed using a general method  

Isolation bacteriocin by deposition method using ammonium sulfate. In addition, macromolecular 

identification was conducted by 16S rRNA.  VCO distinguished by more higher content of lauric acid 

(C12:0) 41% - 54.5%  as compared with coconut and palm oils: 0%: 0.11% rerspectively . The VCO also 

contains LAB, namely Lac.plantarum and Lactobacillus paracasei,can inhibit the growth of pathogenic 

bacteria, such as P.aeruginase, Kleibsiella, S.aureus, S.epidermidis, Proteus, E.coli, Lis.monocytogenes, B. cereus, 

and S. typhosa, and bacteriocin .. Compare  with VCO is based on having a high content of Lauric Acid, 

54%, and LAB content. The difference between VCO and coconut oil and palm oil is fatty acids. In VCO 

there are lauric acid and stearic acid, namely lauric acid VCO (A) 54.06%; VCO (B) 53.9% and VCO (C) 

53.7%. The content of stearic acid VCO (A) is 12.03%, VCO (B) 12.01% and VCO (C) 11.9%. Coconut oil 

contains a little lauric acid which is 2.81%, stearic acid 2.65%, and palmitic acid 2.31%. Palm oil can be 

said to have very little lauric acid namely in palm oil 1 (0.45%) even in palm oil 2 (0%) and palmitic acid 

palm oil 1 (2.88%) and palm oil palmitic acid 2 (28, 88%). 
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1. Introduction 

 

 

Virgin Coconut Oil (VCO) ) can be made through several methods such as by fermenting coconut 

milk [1] [2] [3] and by adding microbes (Lactobacillus fermentum and Lactobacillus plantarum) as starter 

cultures  [4][5]. VCO can also be produced through centrifugation [6]and microwave processes[7], and by 

fermentation without the addition of microbes as a starter [8] . This oil is called virgin oil because it is 

made without any heating [9]. 

VCO has been used widely because it is believed to have benefits compared to coconut oil made 

through a heating process and palm oil . VCO is useful against microbes, bacteria and virii [10], and is 

useful for for helping lose weight in terms of metabolism. VCO contains medium chain 

triglycerides[11][12], which is initially digested or processed in the body from carbohydrates that can cut 

back hunger [13]. Thus, it causes people to consume less carbohydrates, which eventually reduce body 

weight[14][15]. VCO also affects the healing of ovariectomy [16], and can be used as an antioxidant [17]. 

VCO can also reduce blood pressure. In addition, VCO can also be used for skincare [18][19][20], as an 

external drug such as wound medicine, and can function as a probiotic[21][22][23][4].  

VCO and palm oil have different characteristics with different function [24][25][26] . VCO gravitates  

more towards medicine, probiotic, and cosmetics, whereas palm oil characteristics quite suitable to be 

converted to diesel fuel . Not only palm oil, some other vegetable oils have also been proven to be 

economical and can be converted to biodiesel production in large scale [27][28][26][29]. The chemical 

composition of VCO has been studied in   including the iodine number, the saponification number, the 

amount of free fatty acids (% FFA), viscosity and colour. This chemical composition needs to be examined 

prior consumption in order to follow Asian and Pacific Coconut Community (APCC) standardisation 

because VCO is originally made from fresh coconut milk [30] 

VCO has been known for its high lauric acid content, which is between 46.36 - 48.42% [31] Processed 

from coconut milk, which is high in carbohydrates and proteins, the fermentation process of VCO results 

in lactic acid bacteria (LAB) [32][33][34][35]. LAB from VCO have been isolated and their antimicrobial 

ability has also been studied [36]. This atypical microbial ability exists because LAB contains bacteriocin ,  

which can kill pathogenic bacteria. Further, bacteriocin from Lactobacillus plantarum[34] [35][37][38] has 

also been isolated as well. 

 

 

  “Thus, the aim of the research was comparison of the psychochemical parameters and 

contents of fatty acids (lauric, palmitic and stearic) of coconut oil, palm oil, and VCO  as the 

indicators of the characteristics of each oil. Also the antimicrobial ability of VCO was 

analyzed.” 

 



The newest fact referring to VCO which has yet acknowledged is the presence of lactic acid bacteria 

(LAB) on the oil and blondo layers (VCO dregs). This LAB will be present when VCO is made through 

traditional fermentation process or fermentation using the existing bacteria in the air[36].   

 

2. Materials and Methods 

2.1. Materials: 

The samples were three types of virgin coconut oils, with different methods of extraction/fermentation), 

coconut oil (derived from heating coconut milk), and consumer-grade palm oil . 

 

2.1.1.Chemical Material: 

For Lauric Acid Analysis, -hexane (p.a), CHCl3, Aquadest, reagent for sample preparation, namely 

saturated NaCl, Na2SO4 anhydrate, BF3, Methanol, and N2gas to stop the oxidation occurred were used. 

The internal of fatty acid standard. Whereas for Acid Number analysis (%FFA), 95%Alcohol (pa), blue 

bromothymol indicator, phenolphthalein indicator, HCl 0.5 N Standard Solution, and KOH Standard 

Solution were used. KOH ethanolic, HCl 0.5 N standard solution was taken for  Saponification Number 

Analysis, and Potassium Iodide was used for Peroxide Number Analysis.  Meanwhile MRSA (deMann 

Rogosa Sharpe Agar) p.a + 0.5% CaCO3 media was used for Isolation of Lactaid Acid Bacteria and in 

order to increase their amount using MRS media. The materials used  for isolation bacteriocin, are MRSB 

media (Merck), Lactobacillus plantarum M0, Ammonium Sulfate (NH4) 2SO4, Phosphate buffer, DEAE 

cellulose, butanol, SDS stacking gel and markers.  

 

2.1.2. Instruments: 

The instrument used where ordinary laboratory glassware such as petri dish, Erlenmeyer, test tube, and 

beaker glass, where all of them made from Pyrex. In addition, Gas Chromatography GC GC-MS Shimadzu 

QP 2010S (Shimadzu Corp, Kyoto, Japan) was set for lauric acid analysis and Autocklav Yamata SN 21 for 

sterilization and Laminar Flow as the working media for isolating the bacteria and for performing 

antimicrobial analysis.   

2.2.1. The standardization of VCO 

2.2.1.1. The determination of pH 

The pH of the sample is determined using the pH meter in accordance with the applicable general 

procedure.  

2.2.1.2. The analysis of fatty acid sample using GC-MS 

Prior to injecting the sample into GC-MS instrument, the oil sample was prepared by setting 50 gram of 

VCO sample, and adding 400 µL of NaOH Metanolic . This mixture was vortexed and heated at 500 C for 

10 minutes. After undergoing the cooling process, 1mL CH3COOH, 1mL distilled water, and 1mL n-

hexane were added respectively. Then this mixture was vortexed and cooled for several minutes where 

two layers were formed as the result.   

About 1 µL at the top layer was taken as the sample to be injected and analyzed in GC-MS: Shimadzu 

QP2010 which was equipped with capillary colum of (30m) x 0,25 mm ID; 0,25 ìm (interspersed by 



DB5MS. Japan), by injecting the sample into the capillary colum. The carrier gas was helium, where the 

injector and detector temperature was set at 2800 C. The injection was performed using the split mode 

(1:30). The column temperature was programmed to change from 500 C to 280 ° C at a rate of 5° C per 

minute. Fatty acid ethyl esters were separated at the constant pressure (100kPa), and the peak was 

identified through the comparison of mass spectrum with mass spectral as the database (Internal 

Standard). The compound identification was as regards to the comparison of its mass spectrum with 

NIST Mass Spectral Library 2008. 

2.2.1.3. The determination of water content 

A porcelain dish along with a loose-fitting cover were cleaned, and dried in the dryer oven at 1050 C for 1 

hour. Then they were taken using a pair of clamps and inserted into desiccators where the lid was 

detached. Soon after the dish has cooled, the lid was tightened and weighed. A 2 gram sample was 

weighed into the dish and undergone another eight hours's dry-heating in a hot-air oven at 105°C, until 

reaching a constant weight. Another cooling process in desiccators was conducted for 30 minutes before 

determining its water level. 

2.2.1.4. The determination of acid number 

5 grams of the sample was weighed into a 300mL Erlenmeyer flask, then added 25 mL neutral alcohol, 

after that the flask was connected to an upright condenser, and boiled for 30 minutes. After cooling 

down, the sample was titrated with NaOH 0.1 M using pp indicator. The volume of NaOH titrer was 

recorded. 

2.2.1.5. The determination of Iod number 

0.5 grams of oil was weighted in a covered Erlenmeyer flask, then 10 mL chloroform was added and 

shaken. Then 15 mL Wij's solution was added and shaken slowly for another 30 minutes where the 

Erlenmeyer continued to be covered. The lid and inner wall of Erlenmeyer have been washed with 50 mL 

distilled water (initially heated and cooled). Next step was titration with 0,1 N Tio (Na2S2O3) until the 

color changed into light brown, and 2mL of 1% starch was used as indicator. The titration was 

continuously conducted until the dark blue color disappeared. 

2.2.1.6. The isolation of lactic acid bacteria 

The oil sample was diluted utilizing saline solution with dilution up to 10-7. Then this sample was planted 

on the dish containing MRSA + 0,5 % CaCO3 selective media, and incubated overnight at 37°C. The 

growth was observed. 

 

2.2.1.7. The molecular identification 

Initially, the identification is began with isolating genomic DNA of lactic acid bacteria, then, continued by 

amplying 16S rRNA gen. In order to determine the size of its DNA, this gen is analyzed using 

Electrophoresis gel, and ended with sequencing.  



2.2.1.8. Antimicrobial analysis 

The antimicrobial analysis was carried out using agar-disk method, which has been modified using a disk 

made from filter paper. It was assumed that 1 unit of antimicrobial activity was defined as 1 mm2 

inhibited zone area or “halo” zone. It began with testing bacteria grown on NA media (Merck) of 1.5% 

agar concentration at 370C. Incubated overnight, then 1 dose of testing bacteria was moved into test tubes 

containing 10 mL sterile distilled water. After that, the cells numbers was conformed to Mc Farland 0.5, 

which was estimated to be 106 – 107 CFU mL-1 number of cells. Toothpicks wrapped with cotton and 

sterilized were dipped into testing bacteria (more or less 100 µL). Left to dry, then took the filter paper 

which has been sterilized and perforated like a disk with 80 mm diameter, dipped it into LAB isolate, and 

stuck onto the solid media surface in petri dish which has been smeared by testing bacteria. Incubated for 

the period of 3 x 24 hours, and observed until the clear zone or “halo” zone was formed indicating the 

occurence of the growth inhibition of pathogenic bacteria by lactic acid bacteria. Finally the diameter of 

clear zone is measured.   

3. Results and Discussion 

3.1. . Composistion  and properties VCO, coconut  Oil, and palm oil. 

 From the research conducted on virgin coconut oil (VCO), coconut oil and palm oil, there are differences 

from the three. Virgin Coconut Oil contains lauric acid (53.70% - 54.06%), and stearic acid (2.65% - 

12.10%), and lactic acid bacteria (Lactobacillus plantarum and Lactobacillus paracasei). and Coconut oil 

contains very little lauric acid (and stearic and palmitic acids. While palm oil contains only palmitic acid . 

Because of  the presence of lactic acid bacteria containing bacteriocin, VCO is characterized as a 

antimicrobial, in contrast to coconut and palm oils. 

As shown in Table 1 below, the lauric acid content of VCO is the highest with 54.06%. In contrast, 

coconut oil contains only 2.81%, and palm oil none (0%). Table 1 shows that there are two types of fatty 

acid contents in VCO; 54.06% lauric acid and 12.06% stearic acid, and none (0%) palmitic acid. The 

absence of palmitic acid is because VCO is not made of palm oil. Palmitic acid is found in palm oil. The 

lauric acid content of VCO is considered high compared to what has been obtained through this research 

[12]. This is because VCO is processed without heating, or through fermentation. Thus the fatty acid 

carbon bonds are not broken, in other words, the fatty acid is in the form of medium chain triglycerides, 

particularly lauric acid. On the other hand, coconut oil made from cooked coconut milk has low lauric 

acid content, i.e. 2.81%, containing 2.65% saturated acids, due to the production process involving 

heating. Conversely, palm oil has absolutely no lauric acid content, whereas its palmitic acid is high; 

2.28% compared to VCO and coconut oil.  

 

Table 1. The Result: Composition and properties of virgin coconut oil, coconut oil and 

palm oil 

 

Type of 

the Oil 

  Fatty  acids % Acid 

number 

Saponification 

number 

%FFA Iodin 

number 

pH Water 

content 

% 

VCO(A) Lauric Acid 

(C12:0) 

54.06 1.01 348.00 0.26 5.32 6.50 0,11 

Palmitat - 



Acid 

Stearat 

Acid(C18:0) 

12.03 

         

VCO(B) Lauric Acid 

(C12:0) 

53.90 1.03 345.70 0,25 5.24 6.40 0,12 

Palmitat 

Acid 

(C16:0) 

- 

Stearat Acid 

(C18:0) 

12.01 

         

VCO(C) Lauric Acid 

(C12:0) 

53.70 1.02 346,64 0.26 5.25 6.50 0,11 

Palmitat 

Acid 

(C16:0)  

- 

Stearat Acid 

(C18:0) 

11.9 

         

Coconut 

oil 

Lauric Acid 

(C12:0) 

2.81 0.39 269.62 0.28 7.02 6.90 0.11 

Palmitat 

Acid 

(C16:0) 

2.31 

Stearat Acid 

(C18:0) 

2.65 

         

Palm 

Oil 1 

Lauric Acid 

(C12:0) 

0.45 0.39 204.00 0.51 51.00 6.60 0.09 

Palmitat 

Acid 

(C16:0) 

2.88 

Stearat Acid 

(C18:0) 

- 

         

Palm 

Oil 2 

Lauric Acid 

(C12:0) 

- 0.39 203.02 0.73 49.71 6.50 0.09 

Palmitat 

Acid 

(C16:0) 

24.42 

Stearat Acid 

(C18:0) 

- 

 

 



From Table 1. above it can be said that VCO has an acid number of 1.0165 which is higher than 

coconut milk (acid number of 0.39695), and palm oil (acid number of 0.39645). VCO water content is 

similar to palm oil, which is 0.11% whereas coconut oil processed through heating has a lower water 

content of 0.10%. However, the water content of the three samples still meet the limit standard of cooking 

oil 2177 SNI 3741 2013. In other words, the smaller number of the three samples’ water content simplifies 

the heating process so the three samples can be used as biodiesels, in accordance with . 

 

The analysis result of % FFA contains of 0.264 VC), 0.281 coconut oil, and 0.51 palm oil. It shows that 

VCO heating process is much better than other oil samples according to the study of  

 

The VCO saponification number is 348.003 whereas coconut milk has a saponification number of 

269.6266 and palm oil 204.0045. The high saponification number reflects the number of the fatty acid 

molecules. The bigger the saponification number, the smaller the molecules, or consisting of smaller fatty 

acid molecules or shorter chain, and vice versa. Hence, the higher saponification number of the VCO is 

because it consists of medium chain triglyceride fatty acids [14], [42]. The higher saponification number 

compared to palm and coconut oils mean that the saponification occuring in VCO is greater, even though 

still within tolerable limits. 

 

3.2. Result of LactidAcid Bacteria Isolation 

. Figure 1, below presents the isolated result of lactic acid bacteria onto VCO, coconut oil, and palm 

oil. It is shown that VCO contains lactic acid bacteria, as when it was being isolated using MRSA + CaCO3 

selective media, the lactic acid bacteria colony which can grow in “Halo” area is found. This area is a clear 

zone where it can produce lactic acid neutralising CaCO3. It is in line with, and as an additional, the 

results in Figure 2 and 3 points out the identification of lactic acid bacteria using 16S rDNA which turn 

out to be Lacobacillus plantarum and Lactobacillus paracasei as mentioned in, , and. 

 

Figure 1. Lactid acid bacteria isolate grown in MRS + 0,5% CaCO3 media 

 



It can be seen, in Figure 1, there is a clear area, in the middle there is a white dot which is a colony of 

lactic acid bacteria present in VCO oil. This is proof that VCO contains lactic acid bacteria.[29], [32] 

 

 

Figure 2. Result of lactid acid bacteria isolation from coconut oil  and from palm oil with no evidence of 

growth 

Meanwhile, in Figure 2, is a petri dish filled with coconut oil and palm oil grown on the same media. No 

visible growth of lactic acid bacteria. This proves that lactic acid bacteria do not exist in coconut oil and 

palm oil. This is in accordance with[8], [35] [43]. But not so [35], which only uses MRSA media, without 

the addition of CaCO3. But growing colonies are not in the "Hello" area 

 

3.3. Molecular Identification of Lactid Acid Bacteria 

The molecular identification of lactic acid bacteria produces Lactobacillus plantarum as shown in the data 

below Figure 3  

 

 



 

Figure 3. Lactid acid bacteria gene sequence from isolation of Lactobacillus plantarum. 

 

 

 

 

 

Figure 4. The result of molecular identification of lactid acid bacteria showing Lactobacillus paracasei. 

3.4. Result of Anti Microbial Analysis. 

The antimicrobial ability of VCO is also analyzed below. Antimicrobial analysis was performed with 

Lactobacillus paracasei and Lactobacillus plantarum lactid acid bacteria onto testing bacteria; Pseudomonas 



aeruginase, Klebsiella, Staphilococcus aureus, Staphilococcus epidermidis, Proteus, from [31][35], Eschericia coli,  

Listeria monocytogenes, Bacillus cereus, and Salmonella typhosa.  

As seen in Figure 4 below, clear zones show that the growth of pathogenic bacteria was inhibited by 

Lactobacillus plantarum and Lactobacilus paracasei. 

 

 

 
 

Result of antimicrobial analysis of 

Lactobacillus`plantarum Lactid Acid 

Bacteria onto E, coli testing bacteria 

 

 
 

Result of antimicrobial analysis of 

Lactobacillus`plantarum Lactid Acid 

Bacteria onto S.aureus testing bacteria 

 

Figure 4. Result Antimicrobial analysis of Lactobacillus`plantarum Lactid Acid 

Bacteria onto E, coli and S. aureustesting bacteria 

 

As illustrated in Figure 4, VCO has the antimicrobial ability derived from two types of lactic acid 

bacteria against nine testing bacteria. It is seen that these lactic acid bacteria have a good ability to kill 

pathogenic bacteria; Listeria monocytogenes, and E. coli, as stated in [8], where the antimicrobial ability of 

Lacobacillus plantarum is found to be most effective against Listeria monocytogenes, E.coli and Bacillus subtilis 

testing bacteria. 

 

Table 2. Antimicrobial activity analysis of LAB in the form of clear zone diameter (mm) 

No. Testing Bacteria 
Lactobacillus 

plantarum 

Lactobacillus 

paracasei 

1. Escherichia coli 16 16 

2. ListeriaMonocitogenes 17 18 

3. BacillusSubstiliss 15 11 

4. SalmonellaTyphyphosa 12 11 

5. StaphillococcusAureus 11 11 

6. Pseudomonas aeruginase 17 14 

7. Klebsiella 13 12 

8. Staphilococcus epidermidis 13 12 

9. Proteus, 14 13 

 



In Table 2 it can be seen that the lactic acid bacteria present in the VCO are able to inhibit the growth of 

pathogenic bacteria as   StaphillococcusAureus, Pseudomonas aeruginase, Klebsiella,   Staphilococcus 

epidermidis, and Proteus,  in accordance with[36] 

 

 

4. Conclusions 

. Compared  with coconut oil and palm oil, virgin coconut oil (VCO)has a higher content of Lauric Acid 

and lactic acid bacteria. Nevertheless, based on the content of water, free fatty acid, and Iodine number, . 

VCO has other features in the field of health because it has lactic acid bacteria that can kill pathogens, 

characterizing it as a antimicrobial, in contrast to coconut and palm oil. The lauric acid content of the 

VCO is the highest (54.06%) compared to the lauric acid content of coconut oil (0.45%), and palm oil (0%). 

Having a high acid number; 1.10165, and high saponification number and Iodine number demonstrate 

the characteristic of VCO, as it contains lauric acid with small molecules which are medium chain 

triglycerides (MCT). In the future, a more specialized assessment needs to be done, in the economic field 

to examine whether VCO is more appropriate as a fuel alternative or as an antimicrobial. 
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ABSTRACT: This research aims to study the unique factors of virgin coconut oil (VCO) compared 

with coconut oil (i.e., coconut oil processed through heating the coconut milk and palm oil sold on 

the market). Its novelty is that it (VCO) contains lactic acid bacteria and bacteriocin. Lauric acid 

content was analyzed by the Chromatographic Gas method. Isolation of lactic acid bacteria (LAB) 

was conducted by the dilution method using MRSA + 0.5% CaCO3 media. Iodium number, 

peroxide, and %FFA were analyzed using a general method, and isolation bacteriocin by the 

deposition method using ammonium sulfate. In addition, macromolecular identification was 

conducted by 16S rRNA. VCO was distinguished by a higher content of lauric acid (C12:0) 41%–

54.5% as compared with 0% coconut and 0,1% palm oil , respectively. The VCO also contains LAB, 

namely Lactobacillus plantarum and Lactobacillus paracasei, and can inhibit the growth of pathogenic 

bacteria, such as Pseudomonas aeruginosa, Klebsiella, Staphylococcus aureus, S. epidermidis, Proteus, 

Escherichia coli, Listeria monocytogenes, Bacillus cereus, Salmonella typhosa and bacteriocin. Comparison 

with VCO is based on having a high content of lauric acid, 54%, and LAB content. The difference 

between VCO and coconut oil and palm oil is fatty acids. In VCO there are lauric acid and stearic 

acid, namely lauric acid VCO (A) 54.06%, VCO (B) 53.9% and VCO (C) 53.7%. The content of stearic 

acid VCO (A) is 12.03%, VCO (B) 12.01% and VCO (C) 11.9%. Coconut oil contains a little lauric 

acid, which is 2.81%, stearic acid 2.65% and palmitic acid 2.31%. Palm oil can be said to have very 

little lauric acid, namely in palm oil 1, 0.45%, and even in palm oil 2, 0%; in turn, palmitic acid palm 

oil 1 has 2.88% and palm oil 2 palmitic acid  has 24.42% . 

Keywords: bacteriocin; lactic acid bacteria (LAB); lauric acid; virgin coconut oil (VCO) 
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Virgin coconut oil (VCO) can be made through several methods, such as by fermenting coconut 

milk [1–3] and by adding microbes (Lactobacillus fermentum and Lactobacillus plantarum) as starter 

cultures [4,5]. VCO can also be produced through centrifugation [6] and microwave processes [7], 

and by fermentation without the addition of microbes as a starter [8]. This oil is called virgin oil 

because it is made without any heating [9]. 

VCO has been used widely because it is believed to have benefits compared to coconut oil, 

made through a heating process, and palm oil. VCO is useful against microbes, bacteria and viruses 

[10], and is useful for helping one lose weight in terms of metabolism. VCO contains medium chain 

triglycerides [11,12], which is initially digested or processed in the body from carbohydrates that can 

cut back hunger [13]. Thus, it causes people to consume less carbohydrates, which eventually 

reduces body weight [14,15]. VCO also affects the healing after an ovariectomy [16] and can be used 

as an antioxidant [17]. VCO can also reduce blood pressure. In addition, VCO can also be used for 

skincare [18–20], as an external drug, such as wound medicine, and can function as a probiotic [4,21–

23]. 

VCO and palm oil have different characteristics with different functions [24–26]. VCO 

gravitates more towards medicine, probiotics and cosmetics, whereas palm oil characteristics are 

quite suitable to be converted to diesel fuel. Other vegetable oils than palm oil have also been proven 

to be economical and can be converted to biodiesel production at a large scale [27–29]. The chemical 

composition of VCO has been studied in including the iodine number, the saponification number, 

the amount of free fatty acids (%FFA), viscosity and color. This chemical composition needs to be 

examined prior to consumption in order to follow Asian and Pacific Coconut Community (APCC) 

standardization, because VCO is originally made from fresh coconut milk [30] 

VCO has been known for its high lauric acid content, which is between 46.36% and 48.42% [31] 

Processed from coconut milk, which is high in carbohydrates and proteins, the fermentation process 

of VCO results in lactic acid bacteria (LAB) [32–35]. LAB from VCO have been isolated and their 

antimicrobial ability also has been studied [36]. This atypical microbial ability exists because LAB 

contains bacteriocin, which can kill pathogenic bacteria. Further, bacteriocin from Lactobacillus 

plantarum [34,35,37,38] has been isolated as well. Thus, the aim of the research was comparison of the 

psychochemical parameters and contents of the fatty acids (lauric, palmitic and stearic) of coconut 

oil, palm oil and VCO as indicators of the characteristics of each oil. The antimicrobial ability of VCO 

was also analyzed. 

The newest fact referring to VCO, which is yet to be acknowledged, is the presence of lactic acid 

bacteria (LAB) in the oil and blondo layers (VCO dregs). This LAB will be present when VCO is 

made through traditional fermentation processes or fermentation using the existing bacteria in the 

air [36]. 

2. Materials and Methods 

2.1. Materials 

The samples were three types of virgin coconut oils, with different methods of 

extraction/fermentation, coconut oil derived from heating coconut milk and consumer-grade palm 

oil. 

2.1.1. Chemical Material 

For lauric acid analysis, -hexane (p.a), CHCl3 and Aquadest reagent for sample preparation, 

namely saturated NaCl, Na2SO4 anhydrate, BF3, methanol and N2gas to stop the oxidation occurring, 

were used. The internal fatty acid standard was used. Whereas, for acid number analysis (%FFA), 

95% alcohol (pa), blue bromothymol indicator, phenolphthalein indicator, HCl 0.5 N standard 

solution and KOH standard solution were used. KOH ethanolic, HCl 0.5 N standard solution was 

taken for saponification number analysis, and potassium iodide was used for peroxide number 

analysis. Meanwhile MRSA (deMann Rogosa Sharpe Agar) p.a + 0.5% CaCO3 media was used for 

isolation of lactic acid bacteria and in order to increase their amount using MRS media. The materials 
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used for isolation bacteriocin were MRSB media (Merck), Lactobacillus plantarum M0, ammonium 

sulfate (NH4) 2SO4, phosphate buffer, DEAE cellulose, butanol, SDS stacking gel and markers. 

2.1.2. Instruments 

The instrument used where ordinary laboratory glassware, such as petri dishes, Erlenmeyer 

flasks, test tubes and beaker glass, all of them made by Pyrex. In addition, gas chromatography (GC) 

GC–MS Shimadzu QP 2010S (Shimadzu Corp, Kyoto, Japan) was set for lauric acid analysis and 

Autocklav Yamata SN 21 for sterilization and laminar flow as the working media for isolating the 

bacteria and for performing antimicrobial analysis. 

2.2. The Standardization of the VCO 

2.2.1. The Determination of pH 

The pH of the sample is determined using the pH meter in accordance with the applicable 

general procedure. 

2.2.2. The Analysis of Fatty Acid Sample Using GC–MS 

Prior to injecting the sample into a GC–MS instrument, the oil sample was prepared by setting 

50 g of VCO sample and adding 400 µL of NaOH Metanolic. This mixture was vortexed and heated 

at 50 °C for 10 min. After undergoing the cooling process, 1 mL CH3COOH, 1 mL distilled water and 

1 mL n-hexane were added, respectively. Then this mixture was vortexed and cooled for several 

minutes where two layers were formed as the result. 

About 1 µL at the top layer was taken as the sample to be injected and analyzed in a GC–MS, 

Shimadzu QP2010  which was equipped with capillary column of (30 m) × 0.25 mm ID; 0.25 ìm 

(interspersed by DB5MS. Japan), by injecting the sample into the capillary column. The carrier gas 

was helium, where the injector and detector temperatures were set at 280 °C. The injection was 

performed using the split mode (1:30). The column temperature was programmed to change from 50 

°C to 280 °C at a rate of 5 °C per minute. Fatty acid ethyl esters were separated at the constant 

pressure (100 kPa), and the peak was identified through the comparison of mass spectra with mass 

spectral as the database (internal standard). The compound identification was with regard to the 

comparison of its mass spectrum with the NIST Mass Spectral Library 2008. 

2.2.3. The Determination of Water Content 

Porcelain dishes along with loose-fitting covers were cleaned and dried in the dryer oven at 105 

°C for 1 h. Then they were taken using a pair of clamps and inserted into desiccators where the lid 

was detached. Soon after the dish has cooled, the lid was tightened and weighed. A 2 g sample was 

weighed into the dish and undergone another eight hours dry-heating in a hot-air oven at 105 °C, 

until reaching a constant weight. Another cooling process in the desiccators was conducted for 30 

min before determining its water level. 

2.2.4. The Determination of Acid Number 

A total of 5 g of the sample was weighed into a 300 mL Erlenmeyer flask, and then 25 mL 

neutral alcohol was added; after that the flask was connected to an upright condenser, and boiled for 

30 min. After cooling down, the sample was titrated with NaOH 0.1 M using a pp indicator. The 

volume of the NaOH titer was recorded. 

2.2.5. The Determination of Iodine Number 

A total of 0.5 g of oil was weighted in a covered Erlenmeyer flask, then 10 mL chloroform was 

added and shaken. Then 15 mL Wij’s solution was added and shaken slowly for another 30 min 

where the Erlenmeyer continued to be covered. The lid and inner wall of the Erlenmeyer were 

washed with 50 mL distilled water (initially heated and cooled). The next step was titration with 0.1 
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N Tio (Na2S2O3) until the color changed into light brown, and 2 mL of 1% starch was used as 

indicator. The titration was continuously conducted until the dark blue color disappeared. 

2.2.6. The Isolation of Lactic Acid Bacteria 

The oil sample was diluted utilizing saline solution with dilution up to 10−7. Then this sample 

was planted on the dish containing MRSA + 0.5% CaCO3 selective media, and incubated overnight at 

37 °C. The growth was observed. 

2.2.7. The Molecular Identification 

Initially, the identification began with isolating genomic DNA of lactic acid bacteria, then, 

continued by amplifying 16S rRNA gen. In order to determine the size of its DNA, this gen was 

analyzed using electrophoresis gel and ended with sequencing. 

2.2.8. Antimicrobial Analysis 

The antimicrobial analysis was carried out using the agar-disk method, which has been 

modified using a disk made from filter paper. It was assumed that 1 unit of antimicrobial activity 

was defined as the 1 mm2 inhibited zone area or “halo” zone. It began with testing bacteria grown on 

NA media (Merck) of 1.5% agar concentration at 37 °C. Incubated overnight, 1 dose of testing 

bacteria was moved into test tubes containing 10 mL sterile distilled water. After that, the cell 

numbers were conformed to McFarland 0.5, which was estimated to be 106–107 CFU mL−1. 

Toothpicks wrapped with cotton and sterilized were dipped into testing bacteria (more or less 100 

µL). After being left to dry, we took the filter paper that was sterilized and perforated it like a disk 

with a 80 mm diameter, dipped it into LAB isolate, and stuck it onto the solid media surface in petri 

dishes, which were smeared by testing bacteria. Samples were incubated for the period of 3 × 24 h 

and observed until the clear zone or “halo” zone was formed, indicating the occurrence of the 

growth inhibition of pathogenic bacteria by lactic acid bacteria. Finally, the diameter of the clear 

zone was measured. 

3. Results and Discussion 

3.1. Composistion and Properties of VCO, Coconut Oil and Palm Oil 

From the research conducted on virgin coconut oil (VCO), coconut oil and palm oil, differences 

among the three were found. Virgin coconut oil contains lauric acid (53.70%–54.06%), stearic acid 

(2.65%–12.10%) and lactic acid bacteria (Lactobacillus plantarum and Lactobacillus paracasei). Coconut 

oil contains very little lauric acid (and stearic and palmitic acids), while palm oil contains only 

palmitic acid. Because of the presence of lactic acid bacteria containing bacteriocin, VCO is 

characterized as an antimicrobial, in contrast to coconut and palm oils. 

As shown in Table 1 below, the lauric acid content of VCO is the highest with 54.06%. In 

contrast, coconut oil contains only 2.81% and palm oil none (0%). Table 1 shows that there are two 

types of fatty acid contents in VCO; 54.06% lauric acid and 12.06% stearic acid, and no (0%) palmitic 

acid. The absence of palmitic acid is because VCO is not made of palm oil. Palmitic acid is found in 

palm oil. The lauric acid content of VCO is considered high compared to what has been obtained 

through this research [12]. This is because VCO is processed without heating, or through 

fermentation. Thus, the fatty acid carbon bonds are not broken, in other words, the fatty acid is in the 

form of medium chain triglycerides, particularly lauric acid. On the other hand, coconut oil made 

from cooked coconut milk has a low lauric acid content, 2.81%, containing 2.65% saturated acids due 

to the production process involving heating. Conversely, palm oil has absolutely no lauric acid 

content, whereas its palmitic acid is high (2.28%) compared to VCO and coconut oil. 
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Table 1. The results: Composition and properties of virgin coconut oil, coconut oil and palm oil. 

Type of 

the Oil 
Fatty Acids % 

Acid 

Number 

Saponification 

Number 
%FFA 

Iodine 

Number 
pH 

Water 

Content 

% 

VCO (A) 

Lauric Acid 

(C12:0) 
54.06 

1.01 348.00 0.26 5.32 6.50 0.11 
Palmitic 

Acid 
- 

Stearic 

Acid(C18:0) 
12.03 

VCO (B) 

Lauric Acid 

(C12:0) 
53.90 

1.03 345.70 0,25 5.24 6.40 0.12 
Palmitic 

Acid (C16:0) 
- 

Stearic Acid 

(C18:0) 
12.01 

VCO (C) 

Lauric Acid 

(C12:0) 
53.70 

1.02 346.64 0.26 5.25 6.50 0.11 
Palmitic 

Acid (C16:0)  
- 

Stearic Acid 

(C18:0) 
11.9 

Coconut 

oil 

Lauric Acid 

(C12:0) 
2.81 

0.39 269.62 0.28 7.02 6.90 0.11 
Palmitic 

Acid (C16:0) 
2.31 

Stearic Acid 

(C18:0) 
2.65 

Palm Oil 

1 

Lauric Acid 

(C12:0) 
0.45 

0.39 204.00 0.51 51.00 6.60 0.09 
Palmitic 

Acid (C16:0) 
2.88 

Stearic Acid 

(C18:0) 
- 

Palm Oil 

2 

Lauric Acid 

(C12:0) 
- 

0.39 203.02 0.73 49.71 6.50 0.09 
Palmitic 

Acid (C16:0) 
24.42 

Stearic Acid 

(C18:0) 
- 

From Table 1 above it can be said that VCO has an acid number of 1.0165, which is higher than 

coconut milk (acid number of 0.39695) and palm oil (acid number of 0.39645). VCO water content is 

similar to palm oil, which is 0.11%, whereas coconut oil processed through heating has a lower water 

content of 0.10%. However, the water content of the three samples still meet the limit standard of 

cooking oil 2177 SNI 3741 2013. In other words, the smaller number of the three samples’ water 

content simplifies the heating process so the three samples can be used as biodiesels, in accordance 

with current guidelines. 

The analysis result of %FFA contains 0.264 VCO, 0.281 coconut oil and 0.51 palm oil. It shows 

that VCO heating process is much better than other oil samples according to the study of the VCO 

saponification number being 348.003, whereas coconut milk has a saponification number of 269.6266 
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and palm oil 204.0045. The high saponification number reflects the number of the fatty acid 

molecules. The bigger the saponification number, the smaller the molecules, or consisting of smaller 

fatty acid molecules or shorter chains, and vice versa. Hence, the higher saponification number of 

the VCO is because it consists of medium chain triglyceride fatty acids [14,42]. The higher 

saponification number compared to palm and coconut oils mean that the saponification occurring in 

VCO is greater, even though still within tolerable limits. 

3.2. Result of Lactid Acid Bacteria Isolation 

Figure 1 below presents the isolated result of lactic acid bacteria onto VCO, coconut oil and 

palm oil. It is shown that VCO contains lactic acid bacteria, as when it was being isolated using 

MRSA + CaCO3 selective media, the lactic acid bacteria colony that can grow in the “Halo” area is 

found. This area is a clear zone where it can produce lactic acid, neutralizing CaCO3. It is in line with, 

and as an addition to, the results in Figures 2 and 3, pointing out the identification of the lactic acid 

bacteria using 16S rDNA, which turned out to be Lactobacillus plantarum and Lactobacillus paracasei as 

mentioned. 

 

Figure 1. Lactid acid bacteria isolate grown in MRS + 0.5% CaCO3 media. 

It can be seen, in Figure 1, there is a clear area; in the middle there is a white dot that is a colony 

of lactic acid bacteria present in the VCO oil. This is proof that VCO contains lactic acid bacteria 

[29,32]. 

Meanwhile, in Figure 2, is a petri dish filled with coconut oil and palm oil grown on the same 

media. No visible growth of lactic acid bacteria was observed. This proves that lactic acid bacteria do 

not exist in coconut oil and palm oil. This is in accordance with [8,35,43] but not so in [35], who only 

uses MRSA media without the addition of CaCO3. But growing colonies are not in the “Halo” area. 
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Figure 2. Result of lactid acid bacteria isolation from coconut oil and from palm oil with no evidence 

of growth. 

3.3. Molecular Identification of Lactid Acid Bacteria 

The molecular identification of lactic acid bacteria produced Lactobacillus plantarum, as shown in 

the data below Figure 3. 

 

Figure 3. Lactid acid bacteria gene sequence from isolation of Lactobacillus plantarum. 
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Figure 4. The result of molecular identification of lactid acid bacteria showing Lactobacillus paracasei. 

3.4. Result of Antimicrobial Analysis 

The antimicrobial ability of VCO is also analyzed below. Antimicrobial analysis was performed 

with Lactobacillus paracasei and Lactobacillus plantarum lactic acid bacteria onto the following testing 

bacteria: Pseudomonas aeruginosa, Klebsiella, Staphylococcus aureus, Staphylococcus epidermidis, Proteus, 

from [31,35], Escherichia coli, Listeria monocytogenes, Bacillus cereus, and Salmonella typhosa. 

As seen in Figure 5 below, clear zones show that the growth of pathogenic bacteria was 

inhibited by Lactobacillus plantarum and Lactobacillus paracasei. 

 
Result of antimicrobial analysis of 

Lactobacillus plantarum lactid acid 

bacteria onto E. coli testing bacteria. 

 
Result of antimicrobial analysis of 

Lactobacillus plantarum lactid acid 

bacteria onto S. aureus testing bacteria 

Figure 5. Results of the antimicrobial analysis of Lactobacillus plantarum lactid acid bacteria onto E. 

coli and S. aureus testing bacteria. 

As illustrated in Figure 4, VCO has the antimicrobial ability derived from two types of lactic 

acid bacteria against nine testing bacteria. It is seen that these lactic acid bacteria have a good ability 

to kill pathogenic bacteria, e.g., Listeria monocytogenes and E. coli, as stated in [8], where the 

antimicrobial ability of Lactobacillus plantarum is found to be most effective against Listeria 

monocytogenes, E.coli and Bacillus subtilis testing bacteria. 

In Table 2 it can be seen that the lactic acid bacteria present in the VCO are able to inhibit the 

growth of pathogenic bacteria as Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella, 

Staphylococcus epidermidis, and Proteus, in accordance with [36]. 

Table 2. Antimicrobial activity analysis of LAB in the form of clear zone diameter (mm). 

No. Testing Bacteria 
Lactobacillus 

plantarum 

Lactobacillus 

paracasei 

1. Escherichia coli 16 16 

2. Listeria monocytogenes 17 18 

3. Bacillus substiliss 15 11 

4. Salmonella typhy 12 11 

5. Staphylococcus aureus 11 11 

6. Pseudomonas aeruginosa 17 14 

7. Klebsiella 13 12 

8. Staphylococcus epidermidis 13 12 

9. Proteus 14 13 

4. Conclusions 
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Compared with coconut oil and palm oil, virgin coconut oil (VCO) has a higher content of lauric 

acid and lactic acid bacteria. Nevertheless, based on the content of water, free fatty acid and iodine 

number, VCO has other features in the field of health because it has lactic acid bacteria that can kill 

pathogens, characterizing it as an antimicrobial, in contrast to coconut and palm oil. The lauric acid 

content of the VCO is the highest (54.06%) compared to the lauric acid content of coconut oil (0.45%) 

and palm oil (0%). Having a high acid number, 1.10165, and high saponification number and iodine 

number demonstrate the characteristic of VCO, as it contains lauric acid with small molecules, which 

are medium-chain triglycerides (MCT). In the future, a more specialized assessment needs to be 

done, especially in the economic field to examine whether VCO is more appropriate as a fuel 

alternative or as an antimicrobial. 
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