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Abstract
Background and Objective: The dual demand for palm oil, both as a cooking oil and as a raw material for biodiesel, gives rise to concerns
regarding potential shortages. Hence, it is crucial to explore alternative sources of cooking oil, with one such alternative being the oil
extracted from sago caterpillars. This study aims to extract and determine the characteristics of sago caterpillar oil and its potential as
cooking oil. Materials and Methods: Sago caterpillar oil extraction was done using pressing, Soxhlet extraction and Folch’s lipid
extraction. The yield of sago caterpillar oil obtained by pressing, Soxhlet and Folch’s lipid extraction were 20, 16 and 2.2%, respectively.
Oil purifying was done using degumming, neutralization and bleaching. Furthermore, the resulting sago caterpillar oil was characterized
physically, chemically and organoleptic. Results: The sago caterpillar oil met the requirements as cooking oil based on the Indonesian
National Standard for cooking oil and other chemical parameters. The results of the analysis of sago caterpillar oil with gas
chromatography-mass spectrometer showed that the sago caterpillar oil contained 0.15% lauric acid, 2.06% myristic acid, 5.92%
palmitoleic acid, 55.05% palmitic acid, 0.84% linoleic acid, 34.00% oleic acid and 1.43% stearic acid. The main peak positions from the
fourier transform infrared spectrophotometer are at 725, 1118, 1165, 1234, 1373, 1458, 1743, 2854 and 2924 cmG1. The results of the
analysis of sago caterpillar oil showed that the lipid profile of sago caterpillar oil was similar to commercial palm oil. Conclusion: Based
on the results of extraction, purifying and characterization, it was concluded that sago caterpillar oil has the potential to be used as
cooking oil.
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INTRODUCTION

Since 2006, Indonesia has held the position of the world’s
leading palm oil producer. Nevertheless, the growing number
of derivative palm oil processing industries has triggered an
increasing demand for palm oil. The export market share for
palm oil also exhibits great promise, thanks to substantial
annual demand growth. An outcome of this trend is the
emergence of cooking oil shortages. Hence, it becomes crucial
to explore alternative sources for cooking oil production, with
animal oils derived from insects showing potential as a viable
solution.

Edible insects have always been a part of the human diet,
but  some  societies  have  distaste  for  them.  According  to
Chen et al.1, in most countries, people do not like to eat insects
because of their “dirty” and “scary” image. However, according
to van Huis et al.2, more than 1,900 species have been utilized
as a source of food. Globally, the insects with the highest
consumption rates are beetles (Coleoptera) at 31%, followed
by  caterpillars  (Lepidoptera)  at  18%  and  bees,  wasps  and
ants (Hymenoptera) at 14%. Grasshoppers and crickets
(Orthoptera) account for 13%, while crickets, leafhoppers,
scale insects and true insects (Hemiptera) make up 10%.
Termites (Isoptera) contribute 3%, dragonflies (Odonata) 3%,
flies (Diptera) 2% and other orders represent 5% of the total
consumption.

According to Govorushko3, in Africa, numerous insect
species are consumed as food, offering high nutritional value
with protein, fat, minerals and vitamins akin to meat and fish.
Among  the edible caterpillars of Africa, the mopane
caterpillar, better known as the phane, is the larval stage of the
emperor moth, Imbrasia belina (Westwood) (Lepidoptera:
Saturniidae). The lipid composition of the oil of the mopane
caterpillar, Imbrasia belina, based on GC-MS analysis, is as
follows:    18:3    (29.98%),    16:0    (25.64%),    18:1    (17.97%),
18:0 (12.49%) and 18:2 (11.81%)4.

The potential of sago in Indonesia in terms of its breadth
is tremendous. About 60% of the world’s sago area is in
Indonesia. One of the areas where sago plants spread in
Indonesia is North Sulawesi. The use of sago plants in North
Sulawesi is still minimal and sago plants are only used as raw
material for sago flour. Sago processing is still done
traditionally and many farmers are reluctant to take advantage
of this plant. Beetles will infect sago trees that have rotted and
beetle larvae that settle on sago trees will breed into sago
caterpillars (Rhynchophorus ferrugineus)5.

As of now, despite their nutritional benefits, sago
caterpillars have not been commercially utilized. Although

some people in Papua and Maluku use sago caterpillars as
food, not all people can consume them and some use them as
animal feed6. Sago caterpillars are also reported to be used as
an alternative local food that can prevent malnutrition in
children7. Nirmala and  Pramono8 showed an increase in
protein levels in the group of children who were given sago
caterpillars compared to those without sago caterpillars.

The  prominent  nutritional  value  of  the  sago  caterpillar
is  its  protein  and  oil  content.  According  to  Edrus  and
Sjahrul Bustaman9, the sago caterpillar is good to use as a
source of protein because it contains 13.8% protein and
18.04% fat. In contrast, according to Leatemia et al.10, sago
caterpillars’ fat and protein content is 27.97 and 59.71%.
Therefore, according to Tzompa-Sosa et al.11, several types of
caterpillar oil and insects have characteristics that are suitable
for use as table oil.

Until now, there has been no research report on how to
process/extract sago caterpillar oil as cooking oil, especially
those that can be applied in the industrial world.  To get
cooking oil with minimal risk and that meets the Indonesian
National Standard (Standard Nasional Indonesia) for cooking
oil, SNI 3741: 201312. In this study, the characteristics and
potential of sago caterpillar oil were measured.

MATERIALS AND METHODS

Study area: This research was conducted from April to
October, 2022. Extraction and purification took place at the
Chemistry Laboratory of Universitas Sam Ratulangi, North
Sulawesi, Indonesia and spectroscopy analyses were carried
out at the Chemistry Laboratory of Universitas Gadjah Mada,
Yogyakarta, Indonesia.

Study material: The main materials used are sago caterpillars
which were taken from plantations in North Sulawesi, sodium
hydroxide (ACS reagent, >97.0%, pellets), bentonite,
phosphoric acid (ACS reagent, >85 wt. % in H2O), ethanol and
methanol (Pro analysis EMSURE” ACS, ISO, Reag. Ph Eur),
dichloromethane (for analysis EMSURE® ACS, ISO, Reag. Ph Eur)
and other chemicals were purchased from Sigma-Aldrich
Singapore.  The  main  tools  used  are  hydraulic  press
machine,  centrifuge  (Clements  GS  150)  and  chroma meter
(CR-400 Konica Minolta,  Inc.)  from the Chemistry Laboratory
of Universitas Sam Ratulangi. Gas Chromatography-Mass
Spectrometer (GC-MS) GCMS-QP2010S Shimadzu and Fourier
Transform Infrared Spectrophotometer (FTIR) IRPrestige-21
Shimadzu were recorded at the Chemistry Laboratory of
Universitas Gadjah Mada.
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Sago caterpillars (1500 g) were fasted and weighed.
Afterwards, they were washed and extracted. Oil extraction
was optimized using Tzompa-Sosa et al.11 methods. In the
pressing method, the sago caterpillars are roasted, baked in
the oven and extracted using a hydraulic press. In the Soxhlet
extraction method, oil is extracted using petroleum ether. In
Folch’s lipid extraction, sago caterpillars were ground and
mixed  with  dichloromethane/methanol  (2:1).  In aqueous
lipid  extraction,  frozen  sago  caterpillars  were  mixed  with
600  mL  of  demineralized  water  and  then  centrifuged.  The
lipid profile of sago caterpillar oil was also compared with
commercial palm oil. The extraction was done in three
replicates.

Purifying sago caterpillar oil was carried out to produce
refined,  deodorizing,  bleached  sago  caterpillar  oil.
Degumming was carried out using the Zufarov et al.13 method
by adding  phosphoric acid.  Neutralization  was  carried  out
using the Gomes et al.14 method by adding NaOH solution.
Bleaching  and  deodorizing  were  carried  out  using  the
Nuansa et al.15 method by adding commercial bleaching earth.

Processed oil is tested for its quality with SNI parameters
(3741: 2013)12: Aroma, color, moisture content and volatile
matter, peroxide value, arsenic, tin and lead metal
contaminants, as well as other parameters including viscosity,
the content of iron, zinc, copper and yod number16 and
saponification number17.

Functional groups of the oil samples were analyzed by
FTIR. The oil samples were trans-esterified by refluxing in dry
methanol that contained methyl chloride to produce fatty acid
methyl esters (FAME) so the fatty acid composition could be
determined18. Subsequently, the fatty acid profile of the sago
caterpillar oil was analyzed by GC-MS using an internal
standard of margaric acid. The capillary gas chromatograph is
fitted with a fused DB-5MS capillary column (30×0.25 m ID)
with helium as carrier gas.

RESULTS

Sago  caterpillar  oil  extraction:   Oil  extraction  is  carried
out   by   pressing   method,  Soxhlet  extraction  method  and

Folch’s lipid extraction. The results of sago caterpillar oil
extraction can be seen in Table 1.

Table 1 shows that the highest oil extraction yield is
obtained by pressing, compared to Soxhlet and Folch lipid
extraction. Using the pressing method, the oil yield was 100 g
or 20% yield, while using the Soxhlet method, the oil yield was
16% or 80 g and Folch lipid extraction only obtained the oil
yield of 2.2% or 11 g.

Purifying  of  sago  caterpillar  oil:   Degumming  is  a  stage
of the purification process that aims to separate gum, sap and
mucus (phospholipids, proteins, residues and carbohydrates)
in  oil  without  reducing  the  amount  of  free  fatty  acids  in
the  oil.  Neutralization  aims  to  reduce  impurities  that  affect
the aroma and taste of the oil. The primary purpose of oil
bleaching is to remove pigments and color compounds
present in the oil. These pigments can make the oil appear
dark or cloudy, which is undesirable for many culinary and
food  processing  applications.  Bleaching  helps  to  achieve
clear and light-colored oil, which is more aesthetically
pleasing.

The results of degumming sago caterpillar oil with a yield
of 97%, the result of neutralization sago caterpillar oil was 93%
and the result of bleaching sago caterpillar oil was 83%. From
the results of purifying sago caterpillar oil, the oil is clearer and
the aroma is better. Photos of extracted and refined sago
caterpillar oil were shown in Fig. 1.

Quality  of  purifying  sago  caterpillar  oil:  The  quality  of
sago caterpillar oil is measured from the SNI 3741: 2013
(Standard Nasional Indonesia) parameters regarding cooking
oil such as odor, color, water and volatile content, peroxide
number, free fatty acid, arsenic, tin and lead content.
Furthermore, other parameters of oil quality such as viscosity,
iron,  zinc,  copper  content,  yod  and  saponification  number.
The quality of sago caterpillar oil before and after purifying can
be seen in Table 2.

Based on Table 2, purifying can improve the quality of
sago caterpillar oil. The oil quality meets the requirements of
SNI 3741: 2013.

Table 1: Yield of sago caterpillar oil extraction
Solvent

------------------------------------------------------------------------------------
Extraction method Weight of sago caterpillar (g) Petroleum ether (mL) Dichloromethane: Methanol (mL) Yield (%)
Pressing 500 g - - 20
Soxhlet 500 g 350 - 16
Folch-lipid 500 g - 200 2.2
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Fig. 1: Extracted and purified sago caterpillar oil

Table 2: Quality of sago caterpillar oil before and after purifying
Sago caterpillar oils

-----------------------------------------------------------------------------
Parameter Before purifying After purifying SNI
Parameter of SNI (3741: 2013)
Odor Sting No smell (normal) Normal
Color Rather dark yellow Yellow (normal) Normal
Water and volatile content (%) 0.05 0.01 Max. 0.15
Peroxide number (meq kgG1) 6.04 1.93 Max. 10
Free fatty acid (mg KOH gG1) 1.0 0.3 Max. 0.6
Arsenic (As) (mg kgG1) <0.0009 <0.006 Max. 0.1
Tin (Sn) (mg kgG1) <0.006 <0.006 Max. 40.0/250.0
Lead (Pb) (mg kgG1) <0.0013 <0.0007 Max. 0.1
Other parameter
Viscosity (NS mG2) 0.060 0.045 -
Iron (Fe) (mg kgG1) 0.1142 0.2782 -
Zinc (Zn) (mg kgG1) 0.0509 0.0349 -
Copper (Cu) (mg kgG1) 0.1006 <0.01 -
Yod number (g I/100 g sample) 44.1 47.26 -
Saponification number (mg KOH gG1 sample) 191.62 142.87 -

Table 3: Fatty acid composition of sago caterpillar oil
Peak No RT Percentage of fatty acid (%) Type fatty acid
1 26.26 0.15 Lauric acid (C12:0)
2 31.22 2.06 Myristic acid (C14:0)
3 35.27 5.92 Palmitoleic acid (C16:1)
4 35.80 55.05 Palmitic acid (C16:0)
5 39.15 0.84 Linoleic acid (C18:2)
6 39.35 34.00 Oleic acid (C18:1)
7 39.76 1.43 Stearic acid (18:0)

Fourier Transform Infrared (FTIR) analysis: The Fourier
Transform Infrared (FTIR) spectrophotometer was analyzed to
determine the functional groups in the sago caterpillar oil. This
analysis is based on the wavelength of the peaks that appear
in a sample. Each functional group has a specific peak, so the
peak’s wavelength indicates certain functional groups in sago
caterpillar oil. The FTIR spectrum of sago caterpillar oil shown
in Fig. 2.

Gas   Chromatography-Mass   Spectroscopy   (GC-MS)
analysis:   The  purpose  of  GC-MS  analysis  is  to  see  the

fatty  acid  composition  of  sago  caterpillar  oil  and  then
compare  it  with  the  fatty  acid  composition  of  palm  oil.
Fatty acid composition of sago caterpillar oil can be seen in
Table 3.

The GC-chromatogram of sago caterpillar oil was
presented in Fig. 3. Meanwhile, the methyl palmitate
fragment’s peak and fragmentation pattern were shown in
Fig. 4 and 5, respectively.

In this study, the lipid profile of sago caterpillar oil was
also compared with the lipid profile of palm oil. The palm oil
chromatogram was presented in Fig. 6.
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Fig. 2: FTIR spectra of sago caterpillar oil
ν (cmG1) absorption, 2924.09, 2854.65 C-H (Alkyl group), 1743.65 -C=O (ester), 1458.18-CH2G (methylene group), 1373.32-CH3 (methyl group), 1234.44, 1165.00,
1118.71 C-O-C (ester) and 725.23=C-H (alkene)

Fig. 3: GC Chromatogram of sago caterpillar oil
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Fig. 4: Mass spectrum of peak 4, retention time 35.8 (methyl palmitate)

Fig. 5: Fragmentation pattern of methyl palmitate fragment

Fig. 6: GC chromatogram of palm oil
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Table 4: Comparison of the fatty acid composition of sago caterpillar oil compared to palm oil
RT of sago caterpillar oil (peak) Percentage of fatty acid (%) RT of palm oil (peak) Percentage of fatty acid (%) Type fatty acid
26.26 (1) 0.15 26.42 (1) 0.50 Lauric acid (C12:0)
31.22 (2) 2.06 31.40 (2) 0.95 Myristic acid (C14:0)
35.27 (3) 5.92 - - Palmitoleic acid (C16:1)
35.80 (4) 55.05 35.92 (3) 33.77 Palmitic acid (C16:0)
39.15 (5) 0.84 39.35 (4) 12.81 Linoleic acid (C18:2)
39.35 (6) 34.00 39.51 (5) 47.96 Oleic acid (C18:1)
39.76 (7) 1.43 39.96 (6) 2.70 Stearic acid (18:0)
- - 43.12 (7) 0.52 (C20:1)
- - 46.25 (8) 0.78 (C20:0)

A comparison of the fatty acid composition of sago
caterpillar oil and palm oil results of GC-MS analysis was
presented in Table 4.

Table 4 showed that sago caterpillar oil’s fatty acid
composition is similar to palm oil. Sago caterpillar oil consists
of  seven  fatty  acids,  while  palm  oil  consists  of  eight  fatty
acids. Lauric acid, myristic acid, palmitic acid, linoleic acid, oleic
acid and stearic acid are constituents of the fatty acid in both
oils.

DISCUSSION

Sago caterpillar oil extraction: In sago caterpillar extraction,
the highest yield is found in pressing extraction (Table 1). The
yield of the pressing method extraction showed 20% and
200% more yield than the Soxhlet method and Folch lipid
method, respectively. Using the pressing method, the
resulting oil still contains impurities so the yield obtained is
higher. The yield of sago caterpillar oil extraction has a value
similar to the yield of dirty oil from the palm. According to
Chew et al.19, the average yield content of crude palm oil (CPO)
is 21 %. The results of Edrus and Sjahrul Bustaman9 research
show that the yield of sago caterpillar oil is 18.04%, whereas
according to Leatemia et al.10 is 27.97%.

The principal difference between the three extraction
techniques is the use of solvents. A solvent is not used in
pressing extraction, while the solvent is used in Soxhlet and
Folch lipid extraction. According to Tzompa-Sosa et al.11, lipids
from insects can be extracted by two industrial extraction
processes (aqueous and Soxhlet) and one laboratory method
(Folch extraction). Furthermore, it is said that aqueous
extraction gives the lowest lipid yield compared to Soxhlet
and Folch lipid extraction.

The effectiveness of lipid extraction varies and is strongly
influenced by the material to be extracted. According to
Nurfadilah20, aqueous extraction of selar fish oil (also known as
the wet rendering method) and extraction using n-hexane
solvents  produce  low-quality  oil.  Eka  et  al.21  compared  the
wet rendering and dry extraction methods to physical
characteristics, namely viscosity and chemical characteristics
of catfish oil and concluded that wet rendering provides

extraction results with better characteristics. Meanwhile,
according to Santoso and Astuti22, the quantity of German
caterpillar yield using the Soxhlet extraction method is more
than the maceration extraction method.

Purifying of sago caterpillar oil: The crude oil from the press
method still has impurities, so further purification is
undertaken to obtain oil with improved characteristics and
quality. The purifying of sago caterpillar oil results showed a
reduction in the amount of oil to 83% and meets the
requirements of SNI 3741: 2013. Oil purifying can be done in
two ways, namely physically by using adsorbents and
chemicals. Physical purifying of cooking oil that has been
carried out includes magnesol xl23, Zeolite and Bleaching
Earth24 and Corn Cob Charcoal25. Meanwhile, the chemical
purifying method used for cooking oil is done by mixing the
oil with an alkaline solution. Purifying of used cooking oil can
also be done by adding NaOH26.

The purifying of sago caterpillar oil causes a reduction in
the quantity of oil caused by the loss of impurities. According
to Feryana et al.27, bleaching also occurs in the neutralization
process, resulting in oil with better characteristics. In contrast,
according to Akbar et al.24, natural zeolite adsorbents and
bleaching earth can produce relatively clear cooking oil and
still meet SNI health standards, especially the acid number and
peroxide value.

Quality of refined sago caterpillar oil: Based on the
extraction results of sago caterpillar oil processing, the quality
of sago caterpillar oil was tested based on SNI 3741: 2013.
According to Silalahi et al.28, quality control of cooking oil can
be found in standards of cooking oil that are safe for
consumption.  The  basis  for  quality  standardization  can  use
the SNI, the measure used to determine the quality of a
product  commonly  used  in  Indonesia.  In  addition,  the
quality  standard  for  cooking  oil  can  also  be  seen  in  the
PORAM (Palm Oil Regional Association of Malaysia) standard,
namely the quality standard used by foreign cooking oil
companies, especially Malaysia and Singapore. The quality of
sago caterpillar oil before and after purifying was presented in
Table 2.
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Based on Table 2, purifying can improve the quality of
sago caterpillar oil. The oil quality meets the requirements of
SNI 3741:2013. According to Aladedunye and Przybylski29, the
decline in the quality of cooking oil can be seen from the color
of the oil becoming darker and less clear, the oily odor being
unpleasant, the oil’s consistency being thicker and the high
content of free fatty acids (FFA) and peroxide.

The quality of cooking oil can also be seen from several
other parameters such as viscosity, yod number and
saponification number. According to Sutiah et al.30, packaged
cooking  oil  is  good  quality  if  the  viscosity  value  is
3.91×10-3 Ns mG2. The yod number for packaged and bulk oil
is 54.734 and 50.722 g I2/100 g, respectively, while the yod
number of used oil for frying chicken is 3.255-3.55 g I2/100 g
oil16. Meanwhile, according to SNI 3741:2013, the
saponification rate for cooking oil is 180-265 mg KOH gG1 17.
Based on this, the quality of refined sago caterpillar oil is good
and follows the parameters of commercial cooking oil.

Fourier Transform Infrared (FTIR) analysis: Gugule et al.31

stated  the  peak  indicates  the  absorption  of  an  alkyl  group
(C-H) at 2893-2978 cmG1, which is confirmed by the absorption
of the methylene group (-CH2G) at 1450 cmG1 and of the
methyl group (-CH3) at 1327 cmG1.

Stating the absorption peak in the 2923 cmG1 wave
number region indicates the presence of C-H groups. It is
reinforced   by   absorption   in   2854   cmG1,   which   indicates
-CH2G and -CH3 absorption. The absorption peak at 1157 cmG1

indicates the presence of C-O and 871 cmG1 indicates the
presence of C-C ester. Strong absorption at 1743.65 cmG1

indicates the presence of a C=O bond from the ester
compound and medium absorption at 1234.44, 1165.00 and
1118.71 cmG1 strengthens the presence of ester groups in
sago caterpillar oil.

Chromatography Gas-Mass Spectroscopy (GC-MS) analysis:
Table 3 shows that sago caterpillar oil comprises seven fatty
acids, which are dominated by palmitic acid and oleic acid,
with  the  ratio  of  saturated  and  unsaturated  fatty  acids
being almost the same. This is in line with the results of
Motshegwe et al.32.  The oil extracted from the edible mopane
caterpillar, known as “phane” or Imbrasia belina, boasts a
nearly equal ratio of saturated to unsaturated fatty acids, with
a composition of approximately 48.2% saturated and 48.8%
unsaturated fatty acids. The predominant fatty acids in this oil
include 16:0 (comprising 31.9%), 18:0 (making up 15.2%), 18:1
(constituting 20.4%), 18:2 (accounting for 9.9%) and 18:3
(comprising 19%).

However, not all types of caterpillars have almost the
same composition. The fatty acid profile of the caterpillar of
Cirina forda, a pallid emperor moth known for its popularity as
a food insect in Nigeria, is rich in fatty acids such as Linolenic
acid (33.84%), Linoleic acid (7.81%) and Oleic acid (12.93%)33.

Table 3 shows seven components of sago caterpillar oil:
Ethyl lauric, ethyl myristic, ethyl palmitoleic, ethyl palmitic,
ethyl linoleic, ethyl oleic and ethyl stearic. Given that the ethyl
ester fragmentation pattern matches that of other fatty acids,
it can be inferred that the fragmentation pattern of the
primary and most abundant component in sago caterpillar oil
is methyl palmitate (Fig. 3), which accounts for a substantial
55.05% of the composition (identified as peak 4 with a
retention time of 35.80). The confirmation of methyl palmitate
appeared in the mass spectrum of peak 4 (Fig. 4).  The
spectrum showed fragment m/z 270 [M]+ and identified as
C17H34O2. Another high fragment present in m/z 74 and m/z 43
were identified as two most stable fragment from methyl
palmitate (Fig. 5).

Table 4 showed that sago caterpillar oil’s fatty acid
composition is similar to palm oil, where the dominant
constituent fatty acids are palmitic and oleic acids in both oils.
Sago caterpillar oil has a total saturated fatty acid of 58.69%
and a total unsaturated fatty acid of 40.76%, while palm oil has
a total saturated fatty acid of 38.70% and a total unsaturated
fatty acid of 61.29%. Thus, sago caterpillar oil has the potential
to be used as cooking oil.

CONCLUSION

Sago caterpillar oil was extracted with pressing, Soxhlet
and Folch’s lipid method with yield of 20, 16 and 2.2%,
respectively. The crude oil is then further purified and
analyzed. The characteristic of purifying sago caterpillar oil
showed improvement in quality and meets the requirements
of SNI 3741: 2013. The lipid profile of sago caterpillar oil was
dominated by palmitic (55.05%) and oleic fatty acids (34.0%),
which resembled palm oil. The results showed the potential of
sago caterpillar oil to be used as cooking oil.  To be able to
utilize sago caterpillar oil, further studies on its safety as
cooking oil can be carried out.

SIGNIFICANCE STATEMENT

This is new research that has never been studied before,
which aims to extract, purify and characterize oil from sago
caterpillars and to determine the potential of sago caterpillar
oil as cooking oil. The characteristics of sago caterpillar oil are
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compared with palm oil for cooking oil. Based on the results,
sago caterpillar oil has the potential to be used as cooking oil.
This research produced important findings, as we know the
availability of cooking oil, one of the main food ingredients
that humans need, is currently a serious concern because it is
competing  with  the  need  for  oil  as  fuel  (biodiesel).  The
follow-up science needed in this research is the need to carry
out the evaluation of the application of sago caterpillar oil as
cooking oil consumed by the wider community and the
continuity of its cultivation.

ACKNOWLEDGMENTS

My research project was partially or fully sponsored by
The  Ministry  of  Education,  Culture,  Research  and
Technology of Indonesia Republic with grant number
053/E5/PG.02.00.PL/2023.

REFERENCES

1. Chen, X., Y. Feng and Z. Chen, 2009. Common edible insects
and their utilization in China. Entomol. Res., 39: 299-303.

2. van   Huis,   A.,   J.   van   Itterbeeck,   H.   Klunder,   E.   Mertens,
A. Halloran, G. Muir and P. Vantomme, 2013. Edible Insects:
Future Prospects for Food and Feed Security. FAO, Rome,
Italy, ISBN: 978-92-5-107595-1, Pages: 187.

3. Govorushko, S., 2019. Global status of insects as food and
feed source: A review. Trends Food Sci. Technol., 91: 436-445.

4. Yeboah, S.O. and Y.C. Mitei, 2009. Further lipid profiling of the
oil from the mophane caterpillar, Imbrasia belina. J. Am. Oil
Chem. Soc., Vol. 86. 10.1007/s11746-009-1443-y.

5. Hastuty,  S.,  2016.  Processing  of  sago  caterpillars
(Rhynchophorus  ferruginenes)  in  Bosso  Village,  North
Walenrang     District,     Luwu     Regency     [In     Indonesian].
J. Perspektif, 1: 12-19.

6. Meilin, A. and Nasamsir, 2016. Insects and their role in
agriculture and life [In Malay]. J. Media Pertanian, 1: 18-28.

7. Nuban, N.S., S.M. Wijaya, A.N. Rahmat and W. Yuniarti, 2020.
Traditional  food  from  sago  worms  as  an  effort  to
overcome  malnutrition  in  children  [In  Indonesian].
Indones. J. Nurs. Health Sci., 1: 25-36.

8. Nirmala, I.R. and M.S. Pramono, 2017. Sago worms as a
nutritious traditional and alternative food for rural children in
Southeast   Sulawesi,   Indonesia.   Asia   Pac.   J.   Clin.   Nutr.,
26: S40-S49.

9. Edrus, I.N. and Sjahrul Bustaman, 2007. Study of sago
caterpillar cultivation as a source  of  protein  for  animal feed
[In Indonesian]. J. Pengkajian Pengembangan Teknologi
Pertanian, 10: 207-217.

10. Leatemia,   J.A.,   J.A.   Patty,   E.D.   Masauna,   S.H.   Noya   and
J.V. Hasinu, 2021. Utilization of sago grub (Rhynchophorus
ferrugineus Olivier) (Coleoptera: Curculionidae) as an
alternative source of protein. IOP Conf. Ser.: Earth Environ.
Sci., Vol. 800. 10.1088/1755-1315/800/1/012028.

11. Tzompa-Sosa,    D.A.,    L.    Yi,    H.J.F.    van    Valenberg,
M.A.J.S. van Boekel and C.M.M. Lakemond, 2014. Insect lipid
profile: Aqueous versus organic solvent-based extraction
methods. Food Res. Int., 62: 1087-1094.

12. Ermawati,    F.U.,    Dzulkiflih,    T.S.    Aji,    C.A.N.    Afifah    and
A. Zainuddin, 2022. Socialization and practice of processing
coconut cooking oil based on SNI 3741:2013 quality standard
for residents in Gondoruso Village, Pasirian Lumajang.
Lumbung    Inovasi:    J.    Pengabdian    Kepada    Masyarakat,
7: 285-296.

13. Zufarov, O., Š. Schmidt and S. Sekretár, 2008. Degumming of
rapeseed and sunflower oils. Acta Chim. Slovaca, 1: 321-328.

14. Gomes,    T.,    F.   Caponio,   V.   Durante,   C.   Summo   and
V.M. Paradiso, 2012. The amounts of oxidized and
oligopolymeric triacylglycerols in refined olive oil as a
function of crude oil oxidative level. LWT-Food Sci. Technol.,
45: 186-190.

15. Nuansa, M.P., W.H. Susanto and N. Wijayanti, 2016. Chemical
physical characteristics of peanut oil (Arachis hypogaea L.)
after neutralization (study of NaOH concentration and length
of  time  process)  [In  Indonesian].  J.  Pangan  Agroindustri,
4: 1-10.

16. Sinurat, D.I. and R. Silaban, 2021. Analysis of the quality of
used cooking oil used in frying chicken. Indones. J. Chem. Sci.
Technol., 4: 21-28.

17. Yanti, N.R., M.D. Putra, A. Nugroho and H. Heryani, 2019.
Utilization of sterol glycosides in fame (fatty acid methyl
ester)  byproducts  from  the  biodiesel  industry.
EnviroScienteae, 15: 79-85.

18. Christie, W.W., 1982. Lipid Analysis: Isolation, Separation,
Identification, and Structural Analysis of Lipids. 2nd Edn.,
Pergamon        Press,        Oxford,        United        Kingdom,
ISBN: 9780080237916, Pages: 207.

19. Chew, C.L., C.Y. Ng, W.O. Hong, T.Y. Wu and Y.Y. Lee et al.,
2021. Improving sustainability of palm oil production by
increasing oil extraction rate: A review. Food Bioprocess
Technol., 14: 573-586.

20. Nurfadilah, 2020. Comparison of wet rendering methods and
n-hexane  solubilizer  extraction  on  chemical  characteristics
of   selar   fish   oil   (Selaroides   leptolepis)   [In   Indonesian].
J. Pengolahan Pangan, 5: 21-25.

21. Eka, B., Junianto and E. Rochima, 2016. Effect of rendering
method on physical, chemical and organoleptic
characteristics  of  catfish  oil  crude  extract  [In  Indonesian].
J. Perikanan Kelautan, 7: 1-5.

565



Pak. J. Biol. Sci., 26 (11): 557-566, 2023

22. Santoso, E.P. and F.K. Astuti, 2018. The effect of German
caterpillar pupa oil extraction method on chemical
composition [In Indonesian]. Buana Sains, 18: 67-72.

23. Suseno, S.H., A.Y. Tajul, W.A. Nadiah and A.F. Noor, 2012.
Improved of color properties on Sardinella lemuru  oil during
adsorbent  refining  using  magnesol   xl.   Int.  Food  Res.  J.,
19: 1383-1386.

24. Akbar, T., A. Hendro, F.D. Erbert, L. Edward and Widayat, 2021.
Purification  of  waste  cooking  oil  using  zeolite  adsorbent
and   bleaching   earth   [In   Indonesian].   Indones.   J.   Halal,
4: 16-24.

25. Hidayati, F.C., 2016. Purification of used cooking oil
(Welantah)    using    corn    cob    charcoal    [In    Indonesian].
J. Ilmu Pendidikan Fisika, 1: 67-70.

26. Huang, J. and S. Sathivel, 2010. Purifying salmon oil using
adsorption, neutralization, and a combined neutralization
and adsorption process. J. Food Eng., 96: 51-58.

27. Feryana, I.W.K., S.H. Suseno and Nurjanah, 2014. Refining of
mackerel fish oil from fish meal processing byproduct with
alkali neutralization. J. Pengolahan Hasil Perikanan Indonesia,
17: 207-214.

28. Silalahi, R.L.R., D.P. Sari and I.A. Dewi, 2017. Testing of free
fatty acid (FFA) and colour for controlling the quality of
cooking   oil   produced   by   PT.   XYZ   [In   Indonesian].
Industria: J. Teknologi Manajemen Agroindustri, 6: 41-50.

29. Aladedunye, F.A. and R. Przybylski, 2009. Degradation and
nutritional quality changes of oil during frying. J. Am. Oil
Chem. Soc., 86: 149-156.

30. Sutiah,   K.S.   Firdausi   and   W.S.   Budi,   2008.   Study   of
cooking oil quality with viscosity parameters and refractive
index [In Indonesian]. Berkala Fisika, 11: 53-58.

31. Gugule, S., F. Fatimah, C.P. Maanari and T.E. Tallei, 2020. Data
on the use of virgin coconut oil and bioethanol produced
from sugar palm sap as raw materials for biodiesel synthesis.
Data Brief, Vol. 29. 10.1016/j.dib.2020.105199.

32. Motshegwe,  S.M.,  J.  Holmback  and  S.O.  Yeboah,  1998.
General  properties  and  the  fatty  acid  composition  of  the
oil     from     the     mophane     caterpillar,     Imbrasia     belina.
J. Am. Oil Chem. Soc., 75: 725-728.

33. Ande, A.T., 2003. The lipid profile of the pallid emperor moth
Cirina forda  Westwood (Lepidoptera: Saturniidae) caterpillar.
Biokemistri, 13: 37-41.

566




