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Abstract: Biodiesel is a fuel derived from vegetable oil. One of the vegetable oils that can be
used in the manufacture of biodiesel is Crude Palm Oil (CPO). High-quality biodiesel must have
a low iodine number and a high oxidation stability. This can be achieved if CPO does not contain
polyunsaturated fatty acids (PUFA). It follows that in order to produce high-quality biodiesel, palm
oil that contains high saturated fatty acids but that does not contain PUFA is needed. Therefore, it
is necessary to fractionate PUFA with saturated fatty acids (SFA) and monounsaturated fatty acids
(MUFA). The purpose of this study was to separate PUFA in the form of linoleic acid from CPO and
to determine the best conditions in the separation process to produce fatty acids with low iodine
numbers. Fractionation was carried out at temperatures of 30 °C and 35 °C, with an extraction time of
3hand 4 h, and with ratios of CPO and solvent of 1:2 and 1:3 (v/v). The solvents used were n-heptane
and DMSO (dimethyl sulfoxide). The results showed that linoleic acid could be separated from CPO
using the fractionation method with the best conditions at a temperature of 35 °C, an extraction time
of 4 h, a ratio of CPO and solvent of 1:3, an iodine number of 40.78766, and an oxidation stability
of 19.03593 h. GC-MS analysis proved that the fractionated CPO did not contain linoleic acid. The
lower the iodine number was, the higher the oxidation stability was.
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1. Introduction

Palm oil is widely used in the food and non-food industries. This has caused palm oil
production in Indonesia to increase every year. Based on data from the Central Statistics
Agency [1], palm oil production increased between 5.67% and 7.7% from 2013 to 2015.
Furthermore, from 2015 to 2016 there was a high increase in palm oil production of 53.28%.
In 2017, there was also an increase in palm oil production of 34.47 million tons or 9.46%.

Palm fruit is a fruit that contains a lot of oil. Crude Palm Qil (CPO) is the result of the
process of pressing the flesh of the palm fruit or mesocarp [2]. The components contained in
CPO are almost 95% triglycerides, 4.5% diglycerides, and 0.9% monoglycerides. Variations
in this composition depend on the species, growing location, and age of the oil palm [3].
However, the content of saturated fatty acid (SFA), monounsaturated fatty acid (MUFA),
and polyunsaturated fatty acid (PUFA) in CPO results in a high iodine number in CPO [4].
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According to Giriwono [5], palm oil contains almost 50% PUFA and almost 50% unsaturated
fatty acids (UFA).

In recent times, palm oil has begun to be used as a sustainable energy production
source [6,7]. Palm oil can be converted to biodiesel through the transesterification pro-
cess [8,9]. However, the use of the biodiesel produced from palm oil containing PUFA as a
fuel mixture has its pitfalls. Double bonds in oil and high temperatures in the engine will
cause oxidation and rust in the engine [10]. High-quality biodiesel must have a low iodine
number and a high oxidation stability [4].

Setyawardhani et al. [11] extracted rubber seed oil using n-hexane as a solvent. Hy-
drolysis was carried out in stages so as to enable the separation process between UFA and
SFA to be carried out. Subsequently, methanol and HCI catalysts were used for SFA esterifi-
cation to produce biodiesel with a low iodine number of 43.146. Chang and Gladstone [12]
fractionated linoleic fatty acid using DMSO (dimethyl sulfoxide) solvent with an oil:solvent
ratio of 1:2. The results showed that the use of DMSO increased the separation factor of
linoleic acid.

Fractionation is one of the processes used in the chemical industry to separate a
solution into several basic components or fractions. The purpose of this process is to
obtain a component with certain desired properties. The commonly used fractionation
technique is solvent extraction (liquid-liquid extraction). The principle of solvent extraction
is separation based on differences in solubility. This solubility depends on the polarity
of a compound, whereby polar compounds dissolve in polar solvents and non-polar
compounds dissolve in non-polar solvents [13]. n-heptane and DMSO are mixtures of
non-polar and polar solvents. The use of n-heptane aims to prevent SFA and MUFA from
being soluble in DMSO, whereas DMSO is used to dissolve linoleic acid in PUFA.

In this study, PUFA fractionation in CPO was performed using n-heptane and DMSO
as solvents. CPO was chosen as a raw material because it was easy to find in the market.
This study aimed to separate linoleic acid from CPO and to determine the best conditions
for the fractionation process (temperature, time, and ratio of CPO to solvent) in order to
obtain a fatty acid with a low iodine value.

2. Materials and Methods
2.1. Materials and Tools

The materials used in this study were CPO, n-heptane-DMSO (1:1 v/v), demineral
water, silica gel, carbon tetrachloride, potassium iodide, sodium thiosulfate, starch solution,
and wijs solution. All materials used were 99% pure. The equipment used was the
following: a glass beaker, a desiccator, a separating funnel, a hot plate, a magnetic stirrer, a
measuring cup, a stative and clamps, a set of distillation tools, some analytical scales, and
an oven.

2.2. Solvent Extraction Stage

CPO/solvent with ratios 1:2 and 1:3 (v/v) was inserted into the extraction tool. The
solvents of n-heptane and DMSO were added into the extraction apparatus at temperature
of 30 °C and 35 °C, respectively, and stirred for 3 and 4 h. The mixture of CPO and solvent
was then put into a separating funnel and allowed to stand until 2 layers were formed. The
top layer (oil phase) was separated from the bottom layer (aquatic phase). The oil phase
was distilled at 110 °C to separate n-heptane from the oil. The iodine number in the oil
phase was analysed. By way of contrast, the bottom layer was cooled at a temperature of
15 °C to form DMSO crystals and an aqueous phase. The aqueous phase was separated
from the DMSO crystals and an iodine number analysis was performed.

2.3. Iodine Number Analysis

The iodine number was determined based on the suggested method by SNI 01-3555-
1998. The sample was put into a 500 mL Erlenmeyer. After 15 mL of carbon tetrachloride
and 25 mL of Wijs solution were also added, the Erlenmeyer, was closed and stored in
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a dark room for 1 to 2 h. Next, 10 mL of 20% KI solution and 200 mL of distilled water
were added. After that, the Erlenmeyer was covered and shaken. Finally, 2 mL of 0.5% v/v
starch solution was added to the mixture as an indicator and titrated with 0.1 N sodium
thiosulfate standard solution.

2.4. Oxidation Stability Test

The oxidation stability was determined based on Racimat test method. The sample
was weighed as much as 3 g and placed into a test tube, bubbling synthetic air (10 Lh~!,
Linde). The tube was heated at 100 °C. The steam resulted after oxidizing the sample was
passed through 50 mL of deionized water. The conductivity of this amount of water was
measured by using a conductivity meter. The induction point was calculated to obtain
oxidation stability.

2.5. GC-MS Analysis

CPO compositions were analysed using GC-MS (Shimadzu equipped with RTX-5
MS columns with dimensions of 30 x 0.25 mm x 0.25 um with AOC-20i auto-injector).
Samples were diluted 20 times with hexane and injected into the columns.

3. Results

3.1. Composition of Raw Materials through Analysis of Gas Chromatography—~Mass
Spectroscopy (GC-MS)

GC-MS was used to analyse the content of chemical compounds contained in CPO
raw materials and determine the amount of each component of methyl ester peaks. The
results of the GC-MS analysis can be seen in Figure 1.

50,000,000

3.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 73.0
min
Peak Report TIC
Peak# R.Time Area Area% Height|Name
1 33.337 12,543,660 0.83 3,832,281 Tetradecanoic acid, methyl ester (CAS)
2 38.679 477,127,516 31.71 54,576,990 | Hexadecanoic acid, methyl ester (CAS)
3 42.330 194,482,252 12.92 23,337,691 |9,12-Octadecadienoic acid (Z,Z)-, methyl ester (CAS)
4 42.717 696,489,837 42.28 68,963,395 | 9-Octadecenoic acid (Z)-, methyl ester (CAS)
5 43.241 57,419,540 9.82 15,055,584 | Octadecanoic acid, methyl ester (CAS)
6 46.501 11,804,828 0.78 3,111,629 | Hexadecanoic acid, 2-hydroxy-1,3-propanediyl ester (CAS)
7 49.824 14,608,103 0.97 3,578,518 | Bicyclo[10.1.0]tridec-1-ene
8 49.995 13,469,305 0.90 3,726,738 | DI-(9-OCTADECENOYL)-GLYCEROL
9 50.577 14,299,228 0.95 2,138,531 | Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester (CAS)
10 53.866 12,626,788 0.84 1,900,895 |9-Octadecenoic acid (Z)-, 2,3-dihydroxypropyl ester (CAS)
1,504,871,057 100.00] 180,222,252

Figure 1. GC-MS analysis of CPO before fractionation.

Figure 1 demonstrates that the largest components in the raw materials of CPO are
oleic acid, palmitic acid, and linoleic acid, with percentages of 42.28%, 31.71%, and 12.92%,
respectively. The results of the GC-MS analysis were used as a comparison parameter for
the fractionated CPO.
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3.2. Iodine Number Test Results

The iodine number is the number of grams of iodine bound to 100 g of fat. It indicates
the degree to which the oil is unsaturated. The CPO fractionation produces CPO containing
SFA; a limited amount of MUFA; and a separate fraction of CPO—namely, PUFA. The
iodine number of the CPO obtained by titration was 54.6. The iodine number data for each
CPO fraction can be seen in Table 1.

Table 1. Iodine number of CPO products in the oil phase and the aqueous phase.

CPO/Solvent Temp Time I(.)dine Number in Iodine'Number in the

Ru Ratio o) (h) Oil Phase (SFA and Aquatic Phase (PUFA

MUFA) (g 1,/100 g) and MUFA) (g 1,/100 g)
1 1:2 30 3 45.722 88.633
2 1:2 35 3 44.716 95.664
3 1:2 30 4 43.097 99.011
4 1:2 35 4 42.708 103.282
5 1:3 30 3 41.845 111.617
6 1:3 35 3 41.582 123.121
7 1:3 30 4 40.828 128.395
8 1:3 35 4 40.788 133.063

Iodine number is the of unsaturated fatty acid content in oil. The higher the iodine
number is, the higher the levels of unsaturated fatty acids in the oil will be [11]. Table 1
shows that the iodine number in the oil phase is in the range of 40 to 46, while in the aquatic
phase it is in the range of 88 to 134. Based on the results of Soerawidjaja’s research [4], the
iodine number of linoleic acid (PUFA) is 172.4, the iodine number of oleic acid (MUFA) is
85.6, and the iodine number of SFA is zero. This proves that the value of the iodine number
is influenced by the PUFA content in CPO. The iodine number in the oil phase of the raw
material decreases because the PUFA in the CPO has been separated. This is indicated by
the increasing iodine number in the aqueous phase.

3.3. Product Composition through GC-MS Analysis

The fractionated CPO was analysed using GC-MS to determine the composition of
the CPO. This analysis was carried out on CPO, which has the lowest iodine number in
the oil phase—that is, the CPO is produced at a temperature of 35 °C, with an extraction
time of 4 hours, and with a CPO:solvent ratio of 1:3. Figure 2 shows the results of GC-MS
analysis in the oil phase, while, and Table 2 shows the chemical composition of CPO before
and after fractionation using GC-MS.

According to the results of the GC-MS analysis, the fractionation process completely
removed the linoleic acid contained in CPO. This is because the DMSO dissolved the
linoleic acid and separated it from CPO. The increase in the number of double bonds
causes the oil or fat to be more polar and to have a higher degree of unsaturation [14].
The polarity of a solvent can be seen from the dielectric constant and dipole moment.
Polar solvents have a high dielectric constant, and non-polar solvents have a low dielectric
constant. The dipole moment is the vector sum of the bonding moments and lone pair
moments in a molecule. Polar compounds have a dipole moment not equal to or greater
than 0 (1 > 0 or 0), while non-polar compounds have a dipole moment equal to 0 (i = 0).
Because linoleic acid has a double bond and a dipole moment of 1.922 D, it can dissolve
in DMSO, which has a dipole moment of 3.96 D and hence, polar; however, it did not
dissolve in n-heptane, which is non-polar and has a zero dipole moment [15]. Table 2
illustrates that there was a decrease in the content of oleic acid in CPO from 42.285 to
28.59% after the fractionation process. This is because oleic acid has two functional groups:
a non-polar hydrocarbon group (C-H) and a polar carboxylic acid group (-COOH) with a
dipole moment of 1.18 D, meaning that only part of the oleic acid is dissolved in DMSO.

According to Teramoto et al. [16], the separation of linoleic acid can be carried out
using the AgNOj3 solution with the organic solvent n-dodecane. This extraction process
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results in a high increase in the distribution ratio with a decrease in temperature from
45 °C to 5 °C. In this study, n-heptane and DMSO were used as solvents because they
can be used at temperatures of 30 °C and 35 °C. This research revealed an increase in the
distribution ratio with increasing temperature, whereas at a temperature of 35 °C there
was a decrease in the iodine number in the o0il phase and an increase in the iodine number
in the aquatic phase.
10,000,000
. -
1 w2
5,000,000
N M i )
~ o<t -
0
T T T L L L B LA R R BN \L| B B L L L B B R AL B L R
3.0 10.0 20.0 30.0 40.0 50.0 60.0 700 73.0
min
Peak Report TIC
Peak# R.Time Area|  Area% Height | Name
1 38.621 1.392.133 0.21 261,240 | Hexadecanoic acid, methyl ester (CAS)
2 40348]__201,226456] __ 29.65 12,100,741 | Pentadecanoic acid (CAS)
3 44185 194,007,522 _ 28.59 10,460,794 | 9-Octadecenoic acid (Z)- (CAS)
4 44,668 61,141 336 9.01 4,909,083 | Octadecanoic acid (CAS)
5 46.566 3,004,532 0.44 480,606 | Palmitic acid vinyl ester
6 46.763 71,348,928 10.51 6,481,077 | Hexadecanoic acid, 2-hydroxy-1,3-propanediyl ester (CAS)
7 50.090 13,284,093 1.96 1,823 811 | Bicyclo[ 10.1.0]tridec-1-ene
3 50.271 80,976,731 11.93 6,800,844 | DI{(9-OCTADECENOYL)-GLYCEROL
9 50.863 7,315,296 1.08 879,338 | Octadecanoic acid, 2-hydroxy-1,3-propanediyl ester (CAS)
10 51.096 17,856,487 2.63 1,036,411 | Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester (CAS)
11 51417 4929383 0.73 463,296 | Tetracosane (CAS)
12 53297 1,637,070 024 230,697 | Dotriacontane (CAS)
13 54367 5,624 955 0.83 380,064 | 9-Octadecenoic acid (Z)-, 9-octadecenyl ester, (Z)- (CAS)
14 55.177 4,938,322 0.73 426,743 | Tetrapentacontane
15 57435 9,993,494 1.47 921,036 | Lycopersen
678,676,738 100.00] 47,655,781

Figure 2. GC-MS chromatogram of CPO after fractionation.

The separation of oleic acid from palmitic acid using acetonitrile as a solvent resulted
in a precipitate containing 90% stearic acid and 10% oleic acid, and a residue containing
77% oleic acid and 23% stearic acid [17]. Based on the results of the GC-MS analysis in this
study, the solvents of n-heptane and DMSO were able to separate linoleic acid and some
oleic acid in CPO at temperatures of 30 °C and 35 °C. As illustrated below in Table 2, there
was a reduction in the oleic acid content and the loss of linoleic acid content in the final
CPO product after the fractionation process.

Table 2. Chemical composition of CPO before and after fractionation.

Compound CPO before Fractionation (%) CPO after Fractionation (%)
Miristic Acid 0.83 -

Stearic Acid 9.82 9.01

Oleic Acid 42.28 28.59
Linoleic Acid 12.92 -

3.4. Effect of lodine Number on Oxidation Stability

Oxidation stability is a measure of the shelf life of fuel before it is completely oxidised
by oxygen. It is an important parameter for biodiesel fuel quality [10]. Biodiesel is
susceptible to oxidation due to the presence of double bonds in the fatty acid composition,
light, heat, air, trace metals, high temperature, antioxidants, and peroxides. The low
oxidation stability of biodiesel depends on the number and position of double bonds in its
chemical composition [18]. Polyunsaturated fatty acids are more susceptible to oxidation
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than monounsaturated fatty acids. The presence of PUFAs in fatty acids causes an increase
in the oxidative instability of biodiesel [19-22].

Based on Figure 3 and Table 3, it can be seen that the iodine number affected the
oxidation stability proportionately, meaning that the higher the iodine number was, the
lower the oxidation stability was. This finding is similar to Goto et al, (2010) report [23].
Meanwhile, to obtain good-quality biodiesel, a low iodine number and a high oxidation
stability are required [4]. A low iodine value is obtained if CPO does not contain PUFA and
separates PUFA using the fractionation process [11]. Data on the oxidation stability of fatty
acid content obtained using the rancimat test method can be seen in Table 4. The oxidation
stability of stearic acid is higher than that of linoleic acid or PUFA. PUFAs can increase the
reactivity of biodiesel with oxygen when the molecules are exposed to water or air.

30 4

25 1 stearic acid

%3
(=]

y =-0.1334x + 24.477
R?>=0.9949

oleic acid

,_
=]
1

Oxidation stability (h)
[

linoleic acid

0 50 100 150 200
Iodine number

Figure 3. Linear regression between oxidation stability and iodine number.

Table 3. The relationship between oxidation stability and iodine number.

Fatty Acid Oxidation Stability (h) Iodine Number

(g 1,/100 g)
Stearic Acid 24 0
Oleic Acid 14 85.6
Linoleic Acid 1 172.4
Table 4. Stability of fatty acid oxidation using the Rancimat test method.
Fatty Acid Oxidation Stability (h)
Stearic Acid >24
Linoleic Acid 0.98

3.4.1. Effect of Temperature

As revealed by the variability of the iodine number, there was an effect of temperature
on the oxidation stability of the fractionated CPO (Figures 4 and 5). The oxidation stability
value showed that the higher the fractionation temperature was, the higher the oxidation
stability was (Table 5). This is because the dissolved PUFA in DMSO increases with
increasing temperature, resulting in a lower iodine number in the oil phase, meaning that
the oxidation stability is higher. Oxidation stability is influenced by the presence of double
bonds in fatty acids to the extent that the oxidation stability increases if the number of
double bonds decreases [18].
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110 9901 103.28
100 - 95.66 ’
88.63
90 -
5 80 1
2 Bl Oil phase; 3 hours
E 70 P i)
= X .
.E 60 - [ Agquatic phase; 3 hours
S
=] 7 .
= 50 145.72 44.71 43.09 27 @ Oil phase; 4 hours
40 - Aquatic phase; 4 hours
30
20 - T T T :
30°C 35°C 30°C 35°C
Temperature
Figure 4. Effect of temperature and time on the iodine number at a ratio of 1:2.
140 + 128.39 133.06
123.12
120 4 111.61
100 -
2 B oi
E 0 - Oil phase; 3 hours
: [ Aquatic phase; 3 hours
;E 60 -
= 41.8 41.58 40.82 40.78 M Oil phase; 4 hours
40 -
Aquatic phase; 4 hours
20 -
0 - T T T T T T T 1
30°C 35°C 30°C 35°C
Temperature

Figure 5. Effect of temperature and time on the iodine number at a ratio of 1:3.

Table 5. Oxidation stability results based on iodine number.

Iodine Value

CPO/Solvent Ratio = Time (h)  Temp (°C)  Oxidation Stability (h) (g12/100 g)
3 30 18.378 45.722
5 35 18.512 44.716
' A 30 18.728 43.097
35 18.780 42.708
s 30 18.895 41.845
13 35 18.930 41.582
. 30 19.031 40.828
35 19.036 40.788

Fractionation is an application of the mass transfer process whereby one of the factors
that affect the speed of mass transfer is temperature. Increasing the temperature can
increase the solubility of the solvent so that it can help the extract to dissolve in the
solvent [24]. Using the changes in iodine number as an indicator, it is evident that the
increase in the fractionation temperature causes an increase in oxidation stability (Table 5).



Processes 2021, 9, 2183

8 of 10

This is because the increase in temperature causes significant amounts of PUFA to be
dissolved in the DMSO, meaning that there was a decrease in the iodine number in the oil
phase and higher oxidation stability. According to Mutjaba et al. [18], oxidation stability
increases if the number of double bonds in FA is reduced.

3.4.2. The Effect of the CPO: Solvent Ratio

The effect of the CPO:solvent ratio on the fractionation process and oxidation stability
can be calculated by determining the iodine number in the oil and the aqueous phases.
Figures 4 and 5 show that there is a considerable difference between the value of the iodine
number of the oil phase and the aqueous phase. The high iodine number is caused by the
presence of PUFA in CPO. Therefore, it is necessary to carry out a fractionation process
for PUFA in CPO so that the iodine number in CPO decreases. It was also demonstrated
that the greater the ratio of CPO:solvent was, the lower the iodine number in the oil phase
was. This is because the use of more solvents results in more PUFA being separated from
CPO, meaning that the iodine number in the aqueous phase is increased. The ratio of raw
materials to solvents must be in accordance with the solubility of the solute, where the
greater the ratio of raw materials to solvents is, the greater the amount of solute dissolved
in the solvent will be. This causes the solubility of the solvent to increase [24].

As Table 5 illustrates, the greater the ratio of CPO to solvent is, the higher the oxidation
stability will be and the more PUFA will bedissolved in DMSO. This resulted in a lower
iodine number in the oil phase and higher oxidation stability. The presence of double
bonds (unsaturation) in fatty acid molecules can oxidise biodiesel [10]. The low oxidation
stability is related to the rate of oxidation, which is related to the number and position of
double bonds in the chemical composition. The reduction in PUFA in the raw material
increased the oxidation stability [18].

3.4.3. Effect of Time

Figures 4 and 5 illustrate that the longer the extraction time is, the lower the iodine
number will be. This is because PUFA is more separated from CPO at a longer extraction
time. The length of extraction time affected the volume of PUFA extracted. The longer
extraction time caused the contact time between the solvent and the raw material to be
longer, meaning that more substances contained in the raw material were dissolved in the
solvent [24].

Table 5 showed that the longer extraction time could increase the oxidation stability.
This is because more PUFA was dissolved in DMSO, which caused a decrease in the iodine
number in the oil phase, meaning that the oxidation stability increased. The number and
position of double bonds in linoleic (PUFA) and oleic (MUFA) acids affect the rate of
oxidation. PUFAs are sensitive to oxygen, so they are susceptible to oxidation. This is due
to the instability of PUFA to the polymerisation reaction, which can reduce the properties
of biodiesel fuel. The oxidative instability of biodiesel can affect engine operation and
emissions. PUFA is more easily oxidised than MUFA [10]. Therefore, linoleic acid is more
susceptible to oxidation than oleic acid [18].

4. Conclusions

The fractionation of polyunsaturated fatty acids from Crude Palm Oil using n-heptane
and dimethyl sulfoxide as a solvent succeeded in separating linoleic acid from Crude Palm
Oil. This was proven by the Gas Chromatography-Mass Spectrometry analysis, according
to which the fractionated Crude Palm Oil did not contain linoleic acid. The results also
prove that the ratio of CPO to the solvent used affects the quality of the product. The
optimal condition for the fractionation process is when using a Crude Palm Oil:solvent
ratio of 1:3, an extraction temperature of 35 °C, and an extraction time of 4 h. This best
condition resulted in an iodine number of 40.788 and an oxidation stability of 19.036 h.
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