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Physicochemical Properties of Pili (Canarium ovatum) Nut Oils Extracted
Using Different Extraction Solvents
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ABSTRACT

There is still lack of information on pili (Canarium ovatum) nut oil from Sabah, Malaysia. Therefore, the objective
of this research was to investigate the physicochemical properties of pili nut oils obtained from Soxhlet extraction
by using different extraction solvents such as petroleum ether, hexane, acetone and ethanol. The extracted pili nut
oils were assessed for colour, refractive index, slip melting, and cloud point; iodine, free fatty acid, peroxide, p-
anisidine, totox values; carotene content, thermal behaviour, fatty acid composition, and triacylglycerol profile.
The highest oil yields were obtained by extraction using petroleum ether and hexane. The physical and chemical
properties of oil are found to be significantly differed with different extraction solvents. The major triacylglycerols
of pili nut oils were palmitoyl-di—oleoyl glycerol (PPO) and di-palmitoyl-oleoyl glycerol (PPO) with oleic and
palmitic were the most predominant fatty acids. All extracted pili nut oils were below than the permitted range of
free fatty acid content, peroxide and totox values (maximum 10 meq O/kg) for cooking oils. The pili nut oil
extracted with petroleum ether contained the highest (~ 110 ppm) B-carotene. Among the extraction solvents,
petroleum ether was the best in terms of oil yield, quality, and p-carotene content.
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INTRODUCTION yellowish in colour with oleic stearic, palmitic,

linoleic, and linolenic acids as the major fatty

Pili (Canarium ovatum) is a member of the
Burseraceae family. Many of the literatures
focused on pili nut oil from the Philippines.
Kakuda et al. (2000) extracted pili nut oil using
Soxhlet method which petroleum ether as a
solvent. They found that the pili nut contained
higher amount of saturated fatty acids than
unsaturated fatty acids. The polyunsaturated
fatty acids were less than 11%. Other researches
using Soxhlet extraction with petroleum ether as
solvent also found that pili nut was light

acids (Pham & Dumandan, 2015; Millena et al.,
2018; Millena et al., 2023). Other study
conducted by Zarinah et al., (2014) extracted pili
nut oil using cold press method and the
physicochemical properties were determined for
roasted and unroasted pili nut. The percentage of
oil yield and iodine value were not significantly
different between roasted and unroasted pili
nuts. However, the percentage of free fatty acid
and peroxide value showed a significant
different. Both samples had a high proportion of
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oleic acid and fully melted at 25 °C and were
claimed to be free of trisaturated
triacylglycerols.

Extraction of oil using Soxhlet technique
could produces a higher oil yield than most other
extraction techniques, albeit taking longer to
complete (Lopez-Bascon & Luque de Castro,
2020). This method also can use different
extraction solvents such as hexane, acetone, etc.
The sample is dried before the extraction process
because it can increase the oil yield, decrease the
moisture content, and deactivate enzymes that
encourage the lipid oxidation. Additionally, it
promotes the breakdown of cell tissue, which
facilitates the solvent's easy penetration of flake
(Keneni et al., 2020). The aim of this study was
to extract the pili nut oil using Soxhlet technique
with different extraction solvents to assess the
pili nut oil's physical, chemical, and quality
properties.

Researching the physicochemical properties
of pili nut oil is crucial for assessing its quality,
stability, and potential for diverse applications.
Detailed characterization of parameters such as
refractive index, melting behaviour, oxidative
stability, and fatty acid profile provides essential
insights into its functional and nutritional value.
Such knowledge not only guides the
optimization of processing, storage, and
utilization practices but also strengthens the
positioning of pili nut oil as a unique and value-
added specialty oil for the food, nutraceutical,
and cosmetic industries.

MATERIALS & METHODS
Materials

The dried pili nut was gifted by the Lagud
Sebrang Agriculture Research Centre, Sabah
Agriculture Department in Tenom, Sabah,
Malaysia. Analytical and general grade
chemicals were used in this research. All
physicochemical analysis was carried in
triplicate.

Oil Extraction

Oil was extracted using Soxhlet method (AOAC,
2023). A 150 g of dried and crushed pili nuts
were put in cellulose thimble, and the oil was
extracted for 8 hr using petroleum ether (60 °C)
in a Soxhlet extractor. A rotary evaporator
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(Tokyo Rakakikal Co., Ltd., Tokyo, Japan) was
used to recover the oil. After an hour at 60 °C in
the oven, the extracted oil was put into an air
tight bottle and kept at -20 °C. The similar
method was repeated using different solvents
(hexane, acetone and ethanol). Prior to analysis,
the oil was left at room temperature (25 °C) for
1 hour before heated at 60 °C until it was totally
molten.

Determination of Oil Yield

The oil yield was determined according to
AOAC (2023) using specific equation, Eq. (1):

Percentage of oil yield (w/w) = Woi/Wsampie X100%  Eq.(1)

Woiis the weight of extracted oil and W samplc 1S
the weight of the pili nut powder.

Determination of Colour

The colour of the oil samples was measured
using a colorimeter using the Hunter Lab system,
where a* value ranges from negative (green) to
positive (red), and L* value is the lightness of
colour from 0 (black) to 100 (white) in the
tristimulus colour coordinate system. It can be
either positive (yellow) or negative (blue) for b*
value (PORIM, 1995).

Determination of Refractive Index (RI), Slip
Melting Point (SMP), Cloud Point (CP), Totox
Value, Carotene Content, Iodine Value (IV),
Free Fatty Acid (FFA), Peroxide Value (PV),
and p-Anisidine Value (p-AV)

The refractive index (RI), slip melting point
(SMP), cloud point (CP), Totox value, carotene
content, iodine value (IV), free fatty acid (FFA),
peroxide value (PV), and p-anisidine value (p-
AV) of the extracted oil samples were
determined according to the official methods of
the American Oil Chemists’ Society (AOCS,
2000).

Determination of Fatty Acid (FA)
Composition

Fatty acid composition was determined by
esterifying the oil into methyl esters (FAME) by
dissolving 50 mg of oil in 0.8 ml of hexane and
0.2 ml of a 1 M solution of sodium methoxide
(AOCS, 2000). The FAME subsequently
analysed using a gas chromatograph (GC) with a
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flame ionization (FID) was used as a detector.
The polar capillary column (RTX-5; 0.32 mm %
30 m length x 0.25 um thickness) was used. The
temperature of the oven was set at 50 °C (for 1
min) and increased to 200 °C at a flow rate of 8
°C/min. The temperatures of the injector and
detector were kept at 200 °C throughout the
analysis. With a split ratio of 58:1, the flow rate
of the helium as a carrier gas was maintained at
1.0/min. The peaks were identified using a
FAME standard (Supelco, Bellefonte, PA). The
partial area divided by the entire peak area was
used to determine the percentage of FA (Yanty et
al., 2018).

Determination of Triacylglycerol (TAG)
Composition

A high-performance liquid chromatography with
a refractive index as a detector was used to
determine TAG composition. A column (RP-18;
5 um x 12.5 cm length x 4 mm i.d.; Merck,
Darmstadt, Germany) and the mobile phase of
acetone/acetonitrile (63.5:36.5 v/v) was used.
The flow rate was maintained at 1.5 ml/min with
the oven temperature was maintained at 30 °C. A
1 ml of 5% (w/w) oil in chloroform were used as
an injector volume. The individual peaks were
identified by comparing their retention time
TAG standards, and the relative percentage of
individual TAGs was reported as the relative
proportion of the TAGs (Yanty et al., 2013).

Determination of Thermal Behaviour

The differential scanning calorimeter was used
to measure thermal behaviour of extracted oil
samples using a method of Yanty et al. (2014).
Nitrogen gas (purity: 99.99%) was used as the
purge gas at a pressure of 20 psi and a flow rate
of 100 ml/min. An empty aluminium sample pan
was used as a reference. A sample pan containing
3 to 5 mg of oil was sealed and put inside the
sample chamber of the device. An oil sample was
heated from -60 — 60 °C at a rate of 5 °C/min,
kept at 60 °C isothermally for 2 min, and then
cooled from 60 — -60 °C at a rate of 5 °C/min.
The onset, peak, and offset (end) temperatures
were recorded for heating and cooling
thermograms. The temperature at which the
melting and crystallisation process begins, the
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temperature at which the majority of the TAG
has melted and crystallised, and the temperature
at which the oil has completely melted and
crystallised were all indicated by these values
from the heating and cooling thermograms.

Statistical Analysis

A Statistical Package for Social Sciences (SPSS)
software (Version 28) using one-way analysis of
variance (ANOVA) with a confidence level of
95% was used to determine the significant
difference among mean scores of the data.

RESULTS & DISCUSSION
Oil Yield

The oil yield of pili nut oils extracted using
different extraction solvents are shown in Table
1. Pili nut oil extracted using petroleum ether
(69.60%) and hexane (68.85%) as the extraction
solvents showed the highest oil yield. However,
there was no significant difference (p<0.05) in
oil yield between the two extraction solvents.
The lowest oil yield obtained through extraction
of oil using acetone (60.27%) as extraction
solvent. The differences in oil yield obtained
using different extraction solvents may be
attributed to their polarity. Petroleum ether and
hexane are non-polar solvents, whereas acetone
and ethanol are polar solvents. Generally, non-
polar solvents produce higher oil yields because
lipids are largely non-polar, and their solubility
decreases in highly polar solvents, where
excessive polarity may lead to solvolysis and
reduced lipid recovery (Isaac et al., 2023).
However, in some cases, polar solvents can
promote oil release by interacting with ester
groups of triglycerides through hydrogen
bonding and by facilitating cell membrane
disruption, which enhances the release of
intracellular oil (Wang et al., 2023). In addition,
polar solvents may lower surface tension at the
phase boundary, thereby improving phase
separation. Overall, the present results are
consistent with the principle of “like dissolves
like,” whereby mnon-polar solvents exhibit
stronger hydrophobic interactions with lipids,
leading to higher extraction yields (Wang et al.,
2023).
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Table 1. Oil yield of pili nut oils using different extraction solvents.

Extraction Solvent Oil Yield (%)
Petroleum Ether 69.60+0.942
Hexane 68.85+1.252
Acetone 60.27+0.70°¢
Ethanol 64.86+0.10°

Each values represent average of triplicates + standard deviation. Different superscripted letters in the column indicate significant difference

(p<0.05) between the samples.
Physical Properties of Oils

The colour, refractive index, slip melting point,
and cloud point of extracted pili nut oil using
different extraction solvents are shown in Table
2. Based on the results, the colour of the oil
showed a significant difference between the
solvents used. The pili nut oil extracted with
ethanol showed a higher value for all colour
parameters [lightness (L*), redness (a*) and
yellowness (b*)]. The oil had a value of 25.92
(L*), -1.91 (a*) and 28.68 (b*). On the other
hand, hexane as an extraction solvent showed the
lowest value for colour parameter among all
solvents. The oil had L*, a* and b* 0f9.51, -1.14
and 9.38, respectively. The redness (a*) showed
a negative value which indicated greenness of
colour. The differences of the intensity of the
colour of extracted oils were due to the
concentration of pigments such as carotenoids,
etc. Visually, all extracted pili nut oils in this
study were yellow in colour.

Refractive index (RI) is to analyse light rays
traversing through materials medium (Sarkar et
al., 2015). RI is usually used to identify the
possible chances of rancidity development in oil.
A higher value of RI can increase the chance of
the oxidation of oil that can cause rancidity. It is
the basic value for the degree of unsaturation,
chain length of fatty acids and degree of

conjugation (Awuchi et al., 2018). According to
Table 2, there were significant different of RI
values of extracted oils. The highest (1.47) RI
value is oil extracted with hexane and ethanol
while lowest (1.45) is extracted with acetone.

Due to the large number of different
triglycerides, oils and fats do not have exact
melting points (Shin & Lee, 2022). Particularly
in baked goods, the slip melting point of fats and
oils affects the incorporation of air, mouthfeel,
rheology, shelf life and other quality criteria.
Based on Table 2, the slip melting point (SMP)
of extracted oil using acetone as an extraction
solvent showed a significant higher compared to
those of other extracted oils. SMP could be
affected with the differences in carbon number
or length of fatty acid (Tian et al, 2024).
Therefore, saturated fatty acid with high carbon
number will result in a higher melting point
which need more heat energy to break the bond
between fatty acids (Shin & Lee, 2022). Since
saturated fatty acid tend to solidify at higher
temperatures, a high SMP indicates a larger
percentage of saturated fatty acid in the oil
(Sarkar et al., 2015). The cloud point is the
temperature when the oils start to become cloudy
as the temperature reduce. However, there were
not much different between all extracted pili nut
oils.

Table 2. Physical properties of pili nut oil using different extraction solvents.

Parameter Petroleum ether Hexane Acetone Ethanol
L* 13.27 £0.16¢ 9.51 +£0.034 14.50 £ 0.02° 2592 +£0.12%
Colour a* -1.63 £0.12¢ -1.14 £ 0.04> -1.34+£0.19% -1.91£0.19¢
b* 16.52 £ 0.14¢ 9.38 +£0.08¢ 18.14£0.12° 28.68 £0.77%
Refractive index 1.46 =0.00° 1.47 £ 0.00* 1.45 £0.00° 1.47 £0.00*
Slip melting point (°C) 18.50 + 0.50° 19.17 £ 0.29° 2433 +0.58% 18.67 + 1.15°
Cloud point (°C) 23.17 £0.29¢ 2427 +£0.25% 2427 +£0.25% 24.83 +£1.04%

Each value in the table represents the mean + standard deviation of three replicates. Different superscripted letters in the row indicate significant

difference (p<0.05) between the samples.
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Thermal Behaviour Profiles

The heating and cooling thermograms of
extracted pili nut oil using different extraction
solvents are shown in Figure 1 and Figure 2,
respectively. Based on Figure 1, the extracted oil
had similar trend in term of heating profiles
especially for oil extracted using petroleum
ether, hexane and acetone as a solvent. There
were two major peaks which were 0.80 °C and
5.33 °C (petroleum ether), 2.41 °C and 6.25 °C
(hexane), 0.14 °C and 4.40 °C (acetone) and 1.16
°C and 5.74 °C (ethanol) with a shoulder peak at
11.77 °C, 11.35 °C, 10.50 °C and 10.09 °C,
respectively. The end-set of melting point for
each solvent was 26.70 °C (petroleum ether),
23.50 °C (hexane), 26.27 °C (acetone) and 24.77
°C (ethanol). The trend and temperature in the
heating profile of this pili nut oils extracted with
different solvent could be affected by the degree
of'unsaturation of fatty acids (Yanty et al., 2018).
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The cooling thermograms of pili nut oils
extracted using different extraction solvents are
shown in Figure 2. All of oils extracted using
different extraction solvents showed similar
cooling profiles. The oil samples extracted with
hexane had a major peak (at around 2.66 —-0.02
°C) with a shoulder peak at around -0.58 —-11.80
°C. In addition, all oil samples had two minor
peaks at around -26.49 —-33.49 °C and -45.18 —
-55.45 °C. The oil extracted using hexane had
the highest (4.49 °C) and acetone had the lowest
(3.81 °C) onset temperatures. The oil extracted
using hexane had the highest (-55.45 °C) and
acetone had the lowest (-45.16 °C) endset
temperatures. These findings could be caused by
the concentration of the triacylglycerol
molecules  which crystallise at higher
temperature regions and thus show a slightly
different at the onset point of crystallisation. In
addition, the major peak in the cooling curve
associated with solidification of major
triacylglycerol (Van Wetten et al., 2014).
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Figure 1. Heating thermogram of pili nut oils extracted with different extraction solvents PET: Petroleum ether.
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Figure 2. Cooling thermogram of pili nut oils extracted with different extraction solvents PET: Petroleum ether

Chemical Properties of Oils

The chemical properties of pili nut oil extracted
using different solvents are shown in Table 3.
Iodine value (I'V) is the measurement of the total
unsaturated fatty acid present in edible oils. This
analysis is important to predict whether the oils
have high unsaturated or saturated lipids which
is important to human health (Pulassery et al.,
2022).

The IV of extracted pili nut oils showed a
significant different between all extraction
solvents which petroleum ether had the highest
IV. It might be due to higher unsaturated fatty
acid content obtained through extraction using
petroleum ether as compared to other oil
samples. It is reported that oils with high iodine
value was more prone to oxidation (Norazlina et
al., 2021).

Free fatty acid (FFA) is widely recognized as
a highly important component and is associated
with both the commercial value and quality of
edible oils. In general, oils and fats are
hydrolysed in order to produce free fatty acids
(Mahesar et al., 2014). The pili nut oil extracted
using petroleum ether had the highest FFA
(1.46%) than those of other oil samples.

However, there was no significant different
between pili nut oil extracted using acetone,
hexane and ethanol. In the food industry, frying
oil with FFA more than 2% are either thrown
away or replace with fresh oil to reduce the
content of FFA (Dunford, 2016). Therefore, FFA
of all extracted oils were in the range.

Table 3 shows the peroxide value (PV) of pili
nut oil using different extraction solvents. PV is
an indicator to oxidation of oil. The result
showed that the PV of pili nut oil extracted using
ethanol (0.91 meq Ox/kg) had the lowest value as
compared to other extraction solvents. Peroxide
value less than 10 meq O»/kg indicate that the oil
is in a good quality while the value between 30
and 40 meq O,/kg indicates that the oil is rancid.
In this study, all oil samples were in a good
quality (below 10 meq Ox/kg).

p-Anisidine value (p-AV) measures the
secondary oxidation of the oils by determining
the amount of aldehyde in animal fats and
vegetable oils. PV is highly related to p-AV to
assess the rancidity of the oil (Abdulkarim et al/.,
2007). Extracted pili nut oil using ethanol as
extracted solvent (4.00 meq O./kg) showed the
highest p-AV while petroleum ether (1.24 meq
Oy/kg) showed the lowest p-AV among all
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extraction solvents (Table 3). The p-AV should
be less than 10 meq O»/kg for indication of good
quality oil (Tesfaye et al., 2017). All samples of
the pili nut oil in this study showed lower values
than 10 meq O./kg which indicate it is a good
quality of oil. Totox value is directly related to
the PV and p-AV, indicating the lipid’s primary
and secondary oxidation. Totox value of pili nut
oils showed no significant different between
extraction solvents used.

Carotene content (expressed as B-carotene) is
an important source of pro-vitamin A and it is a
micronutrient antioxidant regulating vital
metabolism in our body (Tesfaye et al., 2017).
According to Table 3, the oil sample extracted
using petroleum ether (109.51 ppm) showed the
highest value of carotene content while oil
samples extracted using acetone showed the
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lowest value (61.25 ppm) of carotene content.
Manaf et al. (2024) reported that the carotene
content of pili nut oil extracted using petroleum
ether had a lower value (66.22 ppm) as compared
to this study. According to Ignaczak et al. (2023),
polyunsaturated fatty acid is positively related to
the concentration of carotene. However, the
present research showed a higher carotene value
than the past research reported by Manaf et al.
(2024), even though the same method and
extraction solvent used. This may be due to the
increased susceptibility of the oil to lipid
peroxidation, as the conjugated double bonds of
polyunsaturated fatty acids readily undergo
reactions with free radicals, particularly peroxyl
radicals, resulting in a higher oxidation rate
compared to oils extracted with other solvents
(Mordi et al., 2020).

Table 3. Chemical properties of pili nut oil using different extraction solvents.

Parameter Petroleum Ether Hexane Acetone Ethanol
lodine value 96.44 +0.00? 59.48 £ 0.96° 67.91 +£0.62° 61.74 +£1.33¢
(g /100 g)
Free fatty acid (%) 1.46 £0.292 0.69 £ 0.03° 0.52 +0.26° 0.66 £ 0.04°
Peroxide value 2.53 £0.232 2.24 +£0.432 2.07 £0.232 0.91£0.15°
(meq O2/kg)
p-Anisidine value 1.24 +0.224 2.88£0.02¢ 2.38 £0.02° 4.00£0.292
(meq O2/kg)
Totox value 6.31 £0.53% 7.37+0.87* 6.51 £ 0.44%® 5.83+0.15°
Carotene (ppm as p-carotene) 109.51 +0.00? 101.18 £ 0.00° 61.25 +0.00¢ 96.64 £ 0.00°

Each value in the table represents the mean + standard deviation of three replicates. Different superscripted letters in the row indicate

significant difference (p<0.05) between the samples.

Fatty Acid Composition

The fatty acid composition of pili nut oil
extracted using different extraction solvents are
shown in Table 4. According to Table 4, all
extracted oils had eleven fatty acids from C12 to
C20. The fatty acids of pili nut oils were lauric
(ranging from 0.03 — 0.05 %), myristic (ranging
from 0.03 — 0.04%), followed by palmitic
(ranging from 30.10 — 30.87%), palmitoleic
(ranging from 0.39 — 0.43%), margaric (ranging
from 0.12 — 0.13%)), stearic (ranging from 7.92 —
9.13%), oleic (ranging from 51.18 — 51.44%),
linoleic (ranging from 7.85 — 8.63%), linolenic

(ranging from 0.54 — 0.69%), arachidic (ranging
from 0.22 — 0.23%) and eicosenoic (ranging
from 0.11 — 0.15%) acids. The oil with the
highest (40.25%) saturated content was obtained
through acetone extraction.

The result was agreeable with the highest
SMP (Table 2) value of this oil. The ratio of
saturated and unsaturated fatty acids among all
oil samples were approximately 1:1. Therefore,
these oils were a semi-solid state at room
temperature (25 °C). This result was comparable
to fatty acid composition of pili nut oil extracted
with petroleum ether and palm oil which had a
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ratio of 1:1 on its saturated and unsaturated fatty
acids (Marikkar et al., 2018; Manaf et al., 2024).
Therefore, the pili nut oil has the potential to
become a palm oil substitute for commercial
uses. In addition, pili nut oil also has the
potential to undergo fractionation process due to
ratio of saturated and unsaturated (1:1) fatty
acids. The olein part can be used for liquid or
cooking purposes and the stearin part can be
used for shortening production.

Triacylglycerol Composition

The triacylglycerol composition of pili nut oil
extracted using different extraction solvents is
shown in Table 5. According to Table 5, the
dominant triacylglycerol compositions of pili
nut oil extracted using different extraction
solvents were POO (ranging from 29.42 —
28.54%), PPO (ranging from 18.65 — 17.62%)
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and OOO (ranging from (11.99 — 9.00%).
According to Adin et al. (2024), pili nut oil
extracted from mechanical press extraction also
contained POO (28.01%) and PPO (20.58%) as
the major triacylglycerol molecules. Among all
extraction solvent used, pili nut oil extracted
using acetone contained the highest amount of
PPO (18.65%) and the lowest amount of PPO
(12.57%) was found in the oil extracted using
hexane. The triacylglycerol composition is
mainly related to fatty acid composition as the
triacylglycerol is formed from several fatty
acids. Therefore, the predominant TAG in pili
nut oil was formed from the major fatty acids
which were oleic and palmitic acid (Table 4). As
mentioned earlier, the oil extracted using acetone
contained more saturated fatty acid which was
palmitic acids (Table 4) as the most dominant
and higher SMP (Table 2) compared to those of
other extraction solvents.

Table 4. The fatty acid composition of pili nut oil extracted using different solvents.

Fatty acid Petroleum Ether Hexane Acetone Ethanol

Lauric acid (C12:0) 0.04+0.00¢ 0.05+0.00* 0.03+0.004 0.04:0.00°
Mpyristic acid (C14:0) 0.03+0.00¢ 0.04+0.00° 0.04+0.00? 0.04+0.00?
Palmitic acid (C16:0) 30.10+0.00¢ 30.37+0.00° 30.87+0.01° 30.19+0.05¢
Palmitoleic acid (C16:1) 0.39+0.00° 0.39+0.00° 0.40+0.00° 0.43+0.00°
Margaric acid (C17:0) 0.13+0.00? 0.12+0.00° 0.12+0.00° 0.13+0.00%
Stearic acid (C18:0 9.13+0.00° 9.05+0.00° 8.95+0.01¢ 7.92+0.01¢
Oleic acid (C18:1) 51.40+0.00° 51.18+0.00° 50.20+0.02¢ 51.4440.00?
Linoleic acid (C18:2) 7.85+0.00¢ 7.96+0.00° 8.49+0.01° 8.63+0.00?
Linolenic acid(C18:3) 0.5540.00°¢ 0.56+0.00° 0.54+0.004 0.69+0.00?
Arachidic acid (C20:0) 0.23+0.00° 0.23+0.00° 0.2240.00° 0.2240.00°
Eicosenoic acid (C20:1) 0.14+0.00° 0.15+0.00* 0.13+0.00° 0.11+0.00¢
Saturated fatty acid 39.67+0.00¢ 39.860.00° 40.2540.022 38.54+0.05¢
Unsaturated fatty acid 60.34+0.00° 60.24:+0.00° 59.76+0.02¢ 61.30+0.00*

Each value in the table represents the mean + standard deviation of three replicates. Different superscripted letters in the row indicate significant

difference (p<0.05) between the samples.
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Table 5. Triacylglycerol (TAG) composition of pili nut oil extracted using different extraction solvents.

Percentage (%)

TAG Petroleum Ether Hexane Acetone Ethanol
LnLnL 1.20+0.562 2.87+2.002 1.90+0.032 1.40+0.662
LnLL 0.93+0.092 2.24+1.67* 0.57+0.162 0.61+0.192
LLL 0.74+0.00 @ 4.40+3.932 0.65+0.042 1.324+0.302
PLnL 0.46+0.00? 2.80+3.102 0.43+0.032 0.83+0.33%
OLL 1.29+£0.012 3.82+2.342 0.79+0.212 1.39+0.282
PLL 2.53+0.012 4.52+2.282 2.43+0.182 2.82+0.302
OOL 3.36+0.07% 4.90+1.572 2.73+0.06° 3.2740.41%
POL 7.59+0.122 6.33+£0.29° 6.44+0.07° 6.31£0.20°
PPL 4.48+0.02% 6.07+1.242 4.11£0.01° 4.32+0.13
000 11.29+0.21% 9.00:£2.09° 11.65+0.112° 11.99+0.452
POO 28.54+0.322 14.66+9.20° 29.42+0.3072 26.01+2.082
PPO 17.62+0.02° 12.57+4.19¢ 18.65+0.122 17.5241.31°
PPP 0.47+0.032 0.91+0.702 0.47+0.022 0.29+0.132
00S 7.73£0.06? 8.31+£1.292 7.75+£0.012 8.17+0.462
POS 8.75+0.08?2 9.77+£2.422 8.90+0.01? 9.55+0.64%
PPS 0.38+£0.012 0.58+0.232 0.40+0.062 0.45+0.562
SSO 1.61+0.01° 3.28+0.572 1.60+0.08> 1.59+0.52b
Unknown 1.03+0.00° 4.94+2 .84 1.10£0.08° 1.84+1.19%

O: oleic; P: palmitic; S: stearic; L: linoleic; Ln: linolenic. Each value in the table represents the mean + standard deviation of three replicates.
Different superscripted letters in the row indicate significant difference (p<0.05) between the samples.

CONCLUSION

Pili nut oil (Canarium ovatum) may become a
new potential source of edible oil that is rich in
oleic and palmitic acids. Petroleum ether and
hexane were the most suitable extraction
solvents due to high oil yield (~70%) obtained
from this study. The extracted oils were
semisolid form in room temperature (25 °C) but
they had different SMP values. The oil extracted
using petroleum ether had the lowest SMP value,
which contained the lowest amount of saturated
fatty acid (palmitic acid) and the highest source
of B-carotene. Therefore, this study concluded
that extraction of pili nut oil using a petroleum
ether as an extraction solvent was the best in
terms of the quality.
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