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ABSTRACT

This paper discussed the development of a low-energy and cost-effective separation technique of saturated fatty acids 
(SFAs) from Malaysian Palm Stearin to purify the unsaturation level of its fatty acids. Unsaturated fatty acids (UFAs) pose 
great benefits in nutritional value and also can be utilized as a raw material in various food or non-food applications. 
A methanol crystallization separation method was introduced by manipulating the storage temperature as well as the 
mixture ratio of palm stearin fatty acids (PSFAs) and methanol as a solvent. The separated compounds were characterized 
using Fourier-transform infrared (FTIR) spectroscopy, proton (1H-NMR), and carbon (13C-NMR) spectroscopy analysis 
techniques. The fatty acids composition for both UFAs and SFAs were determined through gas chromatography (GC) 
analysis technique. The highest separation yield was about 98% (wt.), using a mixture of PSFA:methanol; 1:9 (w/v) at 
the temperature of -20 °C. This method was successfully separated and purified the UFAs by increasing the unsaturation 
level of fatty acids about 172% as the final iodine value was about 98 compared to the initial value was at 36. The 
low-energy methanol crystallization separation method is a cheaper method compared to the conventional high-energy 
fractional distillation process and positively to be up scaled at industrial level.
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ABSTRAK

Kajian ini membincangkan pembangunan teknik pemisahan bertenaga rendah dan efektif kos asid lemak tepu (SFAs) 
daripada stearin sawit Malaysia untuk penulenan ketidaktepuan asid lemak stearin sawit. Asid lemak tak tepu (UFAs) 
mempunyai kelebihan nilai khasiat dan juga boleh digunakan sebagai bahan mentah dalam pelbagai aplikasi makanan 
dan bukan makanan. Suatu kaedah pemisahan pengkristalan metanol diperkenalkan dengan memanipulasikan suhu 
penyimpanan dan juga nisbah campuran asid lemak stearin sawit (PSFAs) dengan metanol sebagai pelarut. Sebatian 
yang terpisah akan dicirikan menggunakan teknik analisis spektroskopi transformasi Fourier inframerah (FTIR), 
spektroskopi proton (1H-NMR) dan karbon (13C-NMR). Komposisi asid lemak bagi kedua-dua UFAs dan SFAs ditentukan 
menggunakan teknik analisis kromatografi gas (GC). Hasil pemisahan tertinggi adalah 98% (wt.), menggunakan 
campuran PSFA: metanol; 1:9 (w/v) pada suhu -20 °C. Kaedah ini telah berjaya memisahkan dan menulenkan UFAs 
dengan meningkatkan tahap ketidaktepuan asid lemak sebanyak 172% dengan nilai iodin akhir sebanyak 98 
berbanding nilai awal sebanyak 36. Kaedah pemisahan pengkristalan metanol bertenaga rendah adalah lebih murah 
berbanding dengan proses pemisahan penyulingan berperingkat bertenaga tinggi dan positif untuk ditingkatkan pada 
skala industri.

Kata kunci: Asid lemak; pemisahan bertenaga rendah; pengkristalan metanol; stearin sawit, teknik pemisahan

INTRODUCTION

Palm oil is a major industrial crop product in tropical 
countries such as Malaysia, Indonesia, India, Africa, and 
Thailand (Mutsaers 2019). The crude oil derived from the 
fresh fruit bunches of the oil palm species E. guineensis 
(Maluin et al. 2020). It presents bright orange-red due 
to the high content of carotene (Laura 2017). Palm oil is 

semi-solid at room temperature. It contains about 50% of 
saturated compounds (Sue & Pantzaris 2017). Palm oil and 
its products has excellent resistance to oxidation (Hashem 
et al. 2009) and heat at prolonged elevated temperatures 
(Khor et al. 2019); hence, making palm oil an ideal 
ingredient in frying oil blends (Dian et al. 2017). Besides, 
modified natural oils with high degree of unsaturation 
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have improved frying stability compared to unmodified 
oils. On top of that, unsaturated fatty acids contribute to 
palm oil flavours and volatile compounds such as oleic 
acid, linoleic acid and linolenic acid (Azeman et al. 2015). 
Manufacturers and end-users around the world incorporate 
high percentages of palm oil in their frying oil blends for 
both performance and economic reasons (Buitimea-
Cantúa et al. 2017).

Today, 4.49 million hectares of land in Malaysia 
is under oil palm cultivation; producing 17.73 million 
tons of palm oil and 2.13 tons of palm kernel oil (Alam 
et al. 2015). Malaysia is one of the largest producers 
and exporters of palm oil in the world (Nambiappan et 
al. 2018), accounting for 11% of the world’s oils & fats 
production and 27% of export trade of oils & fats. Palm 
oil also one of the highest contributors to Malaysians 
economic and industry activities (Azeman et al. 2015). 
The industry employs more than half a million people 
and livelihood to an estimated one million people (Sue & 
Pantzaris 2009). 

On the other hand, palm oil applications present a 
challenge in food and non-food applications due to its 
saturated fatty acids (SFAs) contents in triacylglycerols 
(TAGs) form (Omar et al. 2015). Palm stearin is the harder 
fraction of palm oil, containing a higher proportion of 
saturated fatty acids and TAGs with a higher melting 
point of 48-50 °C (Zhang et al. 2013). The palmitic acid 
content ranges from 49 to 68% and oleic content from 
24 to 34% (Omar et al. 2015). A much harder stearin 
containing 79% palmitic acid and a tripalmitoylglycerol 
(PPP) content of 60% is also available (Podchong et al. 
2018). It is mainly used as hard stock for soft margarine 
and in infant fat formulas (Pande et al. 2012). 

Even though renewable fatty acids are essential 
and highly demanded as starting materials in food and 
chemical industries (Salimon et al. 2011), but these SFAs 
might lower some physicochemical properties of the end 
products (Naghshineh et al. 2010). Therefore, the removal 
of saturated compounds from fatty acids content is essential 
to improve product quality (Karmakar et al. 2017; Rao et 
al. 2018). The olefin functional group with unsaturated 
fatty acids of vegetable oil can be performed by various 
reaction for few applications of edible and non-edible 
industry (Karmakar et al. 2017). Conventionally, the SFAs 
are separated and removed through a high-thermal fraction 
distillation process at the industrial scale. However, this 
process is a high-energy production process and higher 
cost of production. The invention of a cheaper method with 
simple production technology is getting more attention 
to reduce the production cost. One possible approach to 
remove the SFAs is through a straightforward and cheaper 
procedure is by performing a methanol crystallization 
separation technique. This method could be applied to 
separate SFAs effectively and increase the unsaturation 

level of fatty acids. Moreover, the methanol used in this 
procedure can be re-extracted at the end of the process and 
recyclable without reducing the quality of unsaturated fatty 
acids (UFAs) (Japir et al. 2018).

In this paper, the SFAs of Malaysian palm stearin-
based fatty acids (PSFAs) were removed from the UFAs 
using a low-energy methanol crystallization separation 
method to increase and purified the unsaturated fatty 
acids. Preliminary characterization tests were employed 
to analyze the physicochemical properties of palm 
stearin. The final product composition was analyzed and 
characterized to evaluate the success of the employed 
separation method. The confirmation of initial and final 
products was performed using Fourier-transform infrared, 
gas chromatography and nuclear magnetic resonance 
analysis techniques.

MATERIALS AND METHODS

MATERIALS

Refined Bleached Deodorized Palm Stearin (RBDPS) was 
obtained from Jomalina Refinery, Sime Darby Plantation 
Sdn Bhd. KOH was prepared with 95% ethanol. All 
chemicals purchased from Systerm and R&M Chemicals 
and used without any pre-treatments.  

METHODS

PHYSICOCHEMICAL CHARACTERIZATIONS

Preliminary physicochemical characterization tests will 
be performed to record the properties of RBDPS as raw 
materials. The characterization tests to be carried out such 
as iodine value, peroxide value, acid value, saponification, 
and unsaponifiable matter, slip melting point, pour point, 
flash point, kinematic viscosity, viscosity index, and 
thermal oxidative stability tests.

The iodine value for RBDPS, PSFA, SFA, and UFA 
were carried out by using Wijs method AOCS Cd1-25 to 
determine the unsaturation degree of samples (Salimon et 
al. 2006). The peroxide value is a measure of oxidation 
degree in a lipid sample and not the measurement of the 
lipid stability. It is also a measure of the formation of 
peroxide and hydroperoxide groups that are the initial 
products of the lipid oxidation. The peroxide value for 
RBDPS was carried out triplicates by using AOCS Cd8-
53 method (Salimon et al. 2006). The acid value for 
RBDPS, PSFA, SFA, and UFA were carried out triplicates 
by using AOCS Cd3a-63 method (Salimon et al. 2006). 
The saponification value (BS 6842.6:1977) is the number 
of milligrams of potassium hydroxide (KOH) required 
to saponify 1g of fat under the conditions specified. 
The unsaponifiable matter was determined based on 
AOCS Ca 6a-40 (Salimon et al. 2006). The slip melting 
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point was recorded based on AOCS Cc-1-25 (capillary) 
method (Salimon et al. 2006). The pour point of RBDPS 
was determined by ASTM D-97-17b (2016) with a slight 
modification using a U-tube as sample container. The 
U-tube was filled with sample and stored inside the 
freezer for overnight at the lowest temperature of 60 °C. 
After overnight, the temperature will be observed for the 
sample started to flow and the temperature were recorded. 
This test was done in triplicates (Salimon et al. 2006). 
The flash point test for RBDPS was carried out based on 
ASTM D 92-05a method (2010). Kinematic viscosity was 
measured at 40 and 100 °C by using Anton Paar Physica 
MCR 301 Rheometer (Derawi & Salimon 2013). The 
viscosity index is measured using ASTM D2270-10 (2016) 
by using the kinematic viscosity value at the temperature 
of 40 and 100 °C. The oxidative stability test for RBDPS 
was carried out by using Pressured Differential Scanning 
Calorimetry (PDSC), Model DSC Q20. 3 ± 0.2 mg sample 
to be tested was introduced into PDSC and heated at 50-300 
°C by using nitrogen gas at the rate of 10 °C/min (Oleik 
2013). Pressure introduced was 14 psi. The oxidative 
stability was observed at onset temperature. This test was 
carried out in triplicates (Jones 2015). 

HYDROLYSIS OF PALM STEARIN

PSFAs were produced via hydrolysis of RBDPS. A series 
of optimization of hydrolysis was performed in order 
to form PSFA as final product. In this study, 50.0 g of 
RBDPS was heated upon stirring with the presence of 
300 mL of 1.50, 1.75 and 2.00 M ethanolic potassium 
hydroxide (KOH). The condition for this reaction is by 
heating the mixture of RBDPS and ethanolic KOH at 70, 
75, and 80 °C for 2 h. After 2 h, 6 N hydrochloric acid 
(HCl) was added into the mixture to produce PSFA (Pavia 
et al. 2005). Purification was done by using n-hexane 
and distilled water (Kumar et al. 2017). The mixture was 
then left in sodium sulphate, Na2SO4 for 24 h to remove 
moisture. Unwanted solvent was eliminated by using 
rotary evaporator.   

METHANOL CRYSTALLIZATION METHOD

The separation process of UFAs and SFAs used methanol 
as recoverable extraction solvent with some manipulated 
parameters. The methanol crystallization was previously 
studied by Japir et al. (2018) with different raw material 
and parameters. A series of the study carried out whereby 
the methanol was used to dissolve and extract the UFAs. 
Some predefined sets of experiments (PSFAs:methanol 
ratio: 1:5, 1:6, 1:7, 1:8, 1:9, and 1:10) are stored at 
temperature of -5, -10, and -20 °C for 24 h. After 24 h, two 
layers of fatty acids will be formed where the bottom layer 
supposed to be the SFAs, and the top layer was the extracted 

UFAs with methanol. Then, the solidified mixture was 
filtered with borosilicate glass filter funnel connected to 
a vacuum pump to speed up the filtration uniformly. The 
solid SFAs are rinsed using cold methanol to dissolve the 
remaining UFAs. The entire process was repeated three 
times by dissolving the SFAs and UFAs in methanol until 
the separation result has been completely ensured. The 
methanol was recovered from the extract using a rotary 
evaporator. Both UFAs and SFAs were dried in a vacuum 
oven at 45 °C for 24 h to give final products.

CHEMICAL FUNCTIONAL GROUP ANALYSIS
The presence of functional groups in PSFAs, SFAs, and 
UFAs were confirmed through the Fourier-transform 
infrared (FTIR) spectroscopy analysis technique. Sample 
was prepared with NaCl plate for liquid samples 
whereas KBr pellet was used for solid samples. A thin 
film was covered on NaCl cells (Salimon et al. 2011). IR 
spectra were recorded in the range of 4000 to 700 cm-1. 
The FTIR utilized in this work is Perkin Elmer model 
(Salimon et al. 2006).

FATTY ACID COMPOSITION

Fatty acid compounds for all PSFAs, UFAs, and SFAs 
samples were analyzed through gas chromatography 
analysis technique, model BPX70 (30 m × 0.25 mm × 
0.25 µm) column. The injector and detector were set at 
250 and 280 °C, respectively. The initial oven temperature 
was set at 280 °C. The rate is 0.3 mL/min and nitrogen 
gas was used as the carrier (Salimon et al. 2006). 

PROTON AND CARBON ANALYSIS

The molecular structures of PSFAs, SFAs, and UFAs were 
confirmed through proton and carbon nuclear magnetic 
resonance (1H-NMR and 13C-NMR) spectroscopy analysis 
techniques. Both analyses determined the presence of 
proton and carbon in the sample (Tahari et al. 2015). 
Samples in the NMR tube will be diluted with deuterated 
chloroform (CDCl3), then they were placed in between the 
magnet poles probe and radiate with energy (Pavia et al. 
2009). The spectrometer is operating at 400.13 and 100.77 
MHz (Salimon et al. 2006). 

RESULTS AND DISCUSSION

PHYSICOCHEMICAL PROPERTIES

The physicochemical properties of RBDPS are tabulated 
in Table 1 in comparison to this study and the studies 
reported by Buitimea-Cantúa et al. (2017) and Malaysian 
Standard Specification: Palm Stearin (2007). Pour 
point, flash point and oxidative stability for RBDPS 
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recorded were 37, 190, and 190 °C, respectively. Pour 
point recorded is significantly high. This is due to the 
properties of PSFAs. Both branching and unsaturation in 
the fatty acid have the potential of reducing pour point. In 
comparison, unsaturated fatty acids are more effective in 
reducing pour point (Eastwood et al. 2005). PSFAs exist 
as a solid at room temperature and require temperature 

that is above room temperature in order to flow. Flash 
point and oxidative stability were recorded at the same 
temperature, which have been reported in the previous 
study (Fadzel et al. 2019). Thus, the tendency of PSFAs 
to form a flammable mixture with air is similar to the 
oxidative stability temperature.

TABLE 1. Physicochemical properties of palm stearin

Physicochemical properties Experimental Reference*

Iodine value 36 27.8-45.1a

Peroxide value (meq O2/kg oil) 0.3 0.2b

Acid value (mgKOH/g) 0.3 0.25 a

Saponification value 191 193-205 a

Unsaponifiable matter 0.4 0.3-0.9 a

Slip melting point (°C) 47 44 a

Pour point (°C) 38 37b

Flash point (°C) 190 190b

Kinematic viscosity, 40 °C (cSt) 300 300b

Kinematic viscosity, 100 °C (cSt) 10 10b

Viscosity index -2 -2b

Thermal-oxidative stability (°C) 190 190b

*source: aMalaysian Standard Specification: Palm Stearin (2007); bBuitimea-Cantúa 2017

SEPARATION OF UFAS AND SFAS

About 96% (wt.) of PSFAs were produced from RBDPS 
via hydrolysis at 75 °C and KOH concentration of 1.75 
M. PSFAs are majorly consist of 66% (wt.) of palmitic 
acid. The initial iodine value of PSFAs was 36. The 
methanol crystallization process was successfully 
performed and separated both UFAs and SFAs. Figure 1 
shows the correlation of PSFAs:methanol and percentage 
of yield at the temperatures of -5, -10 and -20 °C. The 
maximum yield was 98% w/w with mixture ratio of 
PSFAs: methanol; 1:9 (w/v) at the temperature of -20 °C. 
The final iodine value (IV) observed for SFAs and UFAs 
were 0 and 98, respectively. Based on the increasing of 

iodine value in UFAs, the conducted separation process 
has proven separating the saturated compounds and 
purify unsaturated fatty acids. The unsaturation level 
of fatty acid is high in the separation method by using 
methanol however depending on the high solubility 
degree of fatty acids in methanol (Japir et al. 2018). 
Monounsaturated and polyunsaturated fatty acids are 
more polar than that of saturated fatty acids. The polarity 
increases from linolenic acid to oleic acid (Jumaah et al. 
2019). Therefore, unsaturated fatty acid is more soluble 
in methanol according to the principle of ‘like dissolve 
like’ and resulting in a high unsaturation level produced 
in this study. 
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FTIR SPECTRA

According to Figure 2, the sp3 CH peaks are at 2926, 2856 
cm-1 and a strong C=O stretch band was observed at the 
region of 1705 cm-1 showing the presence of COOH group 
of fatty acid. Fatty acid was successfully produced 
during the hydrolysis of RBDPS as the bands shift from 
1741 cm-1 (RBDPS) to 1705 cm-1 (PSFAs) as shown in 
Figure 2. The separation of fatty acid has successfully 

produced SFAs and UFAs. It shows the absence of C=C 
in SFAs (Figure 2) due to its properties which is saturated 
fatty acids and consist only single bonds, C-C. While the 
peak of UFAs is obviously shown at 3009 cm-1 due to the 
presence of C=C bonds in UFAs. The sp3 CH peaks are 
at 2926 and 2856 cm-1. The C=O stretch peaks of both 
SFAs and UFAs show a strong band at 1696 and 1710 
cm-1, respectively. 
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FIGURE 1. Ratio of PSFAs: methanol (wt/v) and the percent yield at temperatures 
of -5, -10 and -20 °C

FIGURE 2. FTIR spectra for RBDPS, PSFAs, SFAs and UFAs
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FATTY ACIDS COMPOSITION

The fatty acids composit ions of PSFAs,  SFAs, 
and UFAs were showed in Figures 3, 4 and 5. The 
percentage compositions of methyl esters from respective 
chromatograms represent the fatty acids composition 
for each sample. Based on Figure 3, PSFAs was majorly 
consisted of palmitic acid (63.2%), followed by oleic 
acid (26.8%), linolenic acid (4.3%), myristic acid 
(3.8%), and stearic acid (1.7%). After separation process 
was performed, the separated product which is UFAs 
was confirmed to have almost 99.9% of unsaturated 
compounds; mono-unsaturated oleic acid (C18:1) about 
79.9% followed by 20% of poly-unsaturated linoleic 
acid (C18:2) (Figure 4). On the other hand, it can be seen 
that on the chromatogram of SFAs (Figure 5), almost 

all of the saturated fatty acids (palmitic acid: 92.2% 
and stearic acid: 7.8%) have been observed in the post-
separation residue sample. Based on comparison of these 
chromatograms, the unsaturated fatty acids of extracted 
compounds have been increased from 31.2% to 99.7%, 
while the saturated compound has been removed totally 
to give high-purity UFAs product. The unsaturation degree 
of the final product, UFAs has been increased as its iodine 
value was increased from 36 to 98. While, the residue 
SFAs was totally isolated as its iodine value was about 
0. So that, it has been confirmed that all the saturated 
compounds have been successfully isolated from the 
unsaturated compounds which is UFAs as the final product 
through the methanol crystallization process. 

FIGURE 3. GC-FID Chromatogram of PSFAs

FIGURE 4. GC-FID Chromatogram of UFAs
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The essential factor which determines the separation 
process using methanol crystallization method is the 
polarity of extraction solvent used in this experiment. 
UFAs contain of one or more carbon double bonds which 
are slightly polar to make them easily extracted by 
introducing methanol to the mixtures. While, SFAs are 
non-polar compounds and stay remain as residue at the 

FIGURE 5. GC-FID Chromatogram of SFAs

bottom layer. Almost all of the unsaturated compounds can 
be extracted and purified through the performed methanol 
crystallization method. This method was proven enough 
to increase the UFAs of PSFAs from 31.2 to 99.7% of 
purity (Table 3). Besides, the recovered methanol as the 
extraction solvent is recyclable for the next separation 
process.

TABLE 3. The comparison of fatty acids composition before and after the methanol crystallization method

Fatty acids (%) Palm stearin
(or PSFAs) Palm stearina After separation (UFAs)

Lauric acid; C12:0 1.20 - 0.00

Myristic acid; C14:0 3.84 1.83 0.00

Palmitic acid; C16:0 63.21 55.33 0.09

Stearic acid; C18:0 0.31 9.72 0.01

Oleic acid; C18:1 26.81 22.84 26.0

Linoleic acid; C18:2 4.31 8.75 4.16

SaturatedRel (%) 68.8 67.9 0.3

UnsaturatedRel (%) 31.2 32.1 99.7

Iodine value 36 32 98

a source: Buitimea-Cantúa 2017
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PROTON AND CARBON SPECTRA

The comparisons of proton and carbon spectra of UFAs, 
SFAs, and PSFAs have been observed as in Figures 6 
and 7. Proton and carbon analyses are essential for 
confirmation of unsaturated profile of extracted product 
(UFAs) compared to that of the residue (SFAs). The 
1H-NMR spectrum in Figure 6(c) shows important signals 
of initial compounds, PSFAs that are R-COOH at 11.23 ppm 
and triplet signal of CH-COOH at 2.38-2.35 ppm (Zhang 
et al. 2013) have proven the existence of COOH attached 
to the fatty acid chain. The multiple signals of CH2 and 
CH3 in the long chain of PSFA were shown at 2.30-1.28 
and 0.90-0.88 ppm, respectively. Chemical shift for the 
proton which attached to the unsaturated carbon, HC=CH 
was observed at 5.36 ppm as represented by the hydrogen 
attached to C=C referring to linoleic acid (C18:1); the 
second highest percentage after palmitic acid (C16:0). 
Whereas, 13C-NMR spectrum in Figure 7(c) shows that 
carbon is attached to the carboxylic acid group at 173.45 

ppm and double bond C=C at 130.11-127.87 ppm. CH2 and 
CH3 signals were shown at 34.34-22.69 and 14.22-14.10 
ppm, respectively. 

UFAs and SFAs can be distinguished by looking at 
the unsaturated carbon profile for the 1H/13C-NMR spectra. 
The 1H-NMR spectra in Figure 6(a) and 6(b) shows the 
chemical shifts of CH2 and CH3 for both SFA and UFA 
at 0.92-0.88, 2.38-1.27 and 2.79-1.29, 0.91-0.89 ppm, 
respectively. Proton which is attached to the unsaturated 
carbon of UFAs, HC=CH was observed at 5.36 ppm in 
Figure 6(a) and related signal of the carbon attached to 
the double bond. The C=C of UFAs was observed with a 
chemical shift at 130.20-127.90 ppm as shown by Figure 
7(a). While, none chemical shift was detected on the same 
region in Figures 6(b) and Figure 7(b) and this indicates 
that SFAs consist of only saturated carbon compounds. 
Thus, these observations provide strong evidence that all 
unsaturated fatty acids have been successfully extracted 
from a mixture of saturated compounds (Japir et al. 2018).

FIGURE 6. Comparison of 1H-NMR Spectra between (a) 
UFAs, (b) SFAs, and (c) PSFAs
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CONCLUSION

The development of a cheaper method for the extraction 
and purification of unsaturated fatty acids is crucial to 
make it sounds commercial-able at an upscaled process 
in the industry. This work was successfully established 
as a low-energy separation method. The methanol 
crystallization method was successfully purified up to 
99.7% of UFAs compositions with a yield of 98% (wt.) 
using PSFA: methanol ratio of 1:9. The iodine value of the 
final product was increased by 172% (IV from 36 to 98). 
High purity UFAs are very valuable in the food and non-
food applications, particularly for the pharmaceutical 
and healthcare products.
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