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Abstract
The sago grub (Rhynchophorus bilineatus) [Montrouzier, Coleoptera, Dryophthoridae] is a local delicacy in the Papua Province
in Indonesia. In this study, the nutrient content of the edible insect was measured using chromatographic and spectrometric
methods. The results showed that it contains 10.39 g protein and 17.17 g oil/ 100 g fresh weight. The sago grub meets the FAO/
WHO requirements of 40% essential amino acids and a 0.60 ratio between essential to non-essential amino acids. Its limiting
amino acid is methionine + cysteine. The major fatty acids found in the sago grub are palmitic (42%), oleic (45%), and linoleic
(3%) acids. Although vitamin E is exclusively produced by photosynthetic organisms, a gram of sago grub oil contains 51 μg
vitamin E, which is composed mainly of tocopherols (92%). In contrast with palm oil, the sago grub oil contains δ-tocopherol
(0.12μg/g oil), and a significantly high amount ofβ-tocopherol (3.85 μg/g oil). It is a source of zinc and magnesium and contains
safe levels of heavy metals. Based on these nutritional properties, the Indonesian sago grub can be considered as a good source of
nutrients, and its propagation and utilization should be encouraged especially in other areas of Indonesia and maybe in neigh-
boring countries where they are also endemic, and where malnutrition is prevalent. The consumption of edible insects should be
considered as a component of dietary diversification – a sustainable way of alleviating the nutritional status of the population.
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Introduction

Indonesia has the world’s fourth largest population with more
than 260 million people, and is the largest country in
Southeast Asia with a land area of 1,904,569 km2 (UN
Department of Economic and Social Affairs, Population
Division 2017). It is rich in natural resources but is plagued
by high levels of acute and chronic malnutrition, together with
an increasing rate of childhood obesity (UNICEF Indonesia
2018), a situation common in members of the Association of
Southeast Asian Nations (ASEAN). In the fight against mal-
nutrition, there are three possible options: fortification,

supplementation and dietary diversification. Among the three,
dietary diversification is viewed as most sustainable. In pro-
moting this option, the FAO encourages people to utilize in-
digenous fruits and vegetables to increase the nutrients in their
diet. While edible insects can also be sources of
micronutrients, and most importantly, of protein, they are of-
ten overlooked because of the general negative perceptions on
entomophagy (Köhler et al. 2019). Indonesia and other coun-
tries in Southeast Asia are home to around 150 to 200 edible
insect species (Sirimungkararat et al. 2010).

The Papua Province is located in the easternmost part of
Indonesia. The Province is divided into lowlands consisting of
sago and mangrove forests, grasslands, and swamps in the
coastal areas, and upland areas with primary and secondary
forests, and farmed plots. Due to limited agricultural resources
in the area, insects, especially grasshoppers, leaf and stick
insects, cicadas and large moths and their caterpillars, remain
as important protein sources in the people’s daily diet. Along
Papua’s coastline, the most important edible insect is the
Rhynchophorus bilineatus [Montrouzier, Coleoptera,
Dryophthoridae], the sago beetle or palm weevil. The larvae,
commonly known as “sago grubs” or “sago worms” are
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collected a month after the palm trees are cut down for sago
starch production. One rotting sago palm trunk may yield as
much as 500 to 600 sago grubs feeding on its starchy pith
(Mercer 1994). Normally, they are consumed raw or roasted
and is also considered as a local delicacy (Ramandey and van
Mastrigt 2010). From informal talks in the community, it was
gathered that the edible insects cost around 3 USD per 100 g.

There are two species of sago worm in Papua, and they are
differentiated by the color in their adult stage - the R. bilineatus
weevil is black while R. ferrugineus [Olivier, Coleoptera,
Dryophthoridae] is brown (Ramandey and van Mastrigt 2010;
Tommaseo-Ponzetta and Paoletti 2005). R. ferrugineus is wide-
ly distributed in Asia (Indonesia, Japan, Malaysia, Papua New
Guinea, the Philippines and Thailand), while the other species,
R. palmarum [Linnaeus, Coleoptera, Dryophthoridae] and
R. phoenicis [Fabricius, Coleoptera, Dryophthoridae] are wide-
ly distributed and used as food in the Western Hemisphere
(Central America and West Indies, Mexico and South
America), and in Africa (van Huis et al. 2013), respectively.
Palm weevils are often considered as pests because they attack
sago palms and other important palm species like the coconut,
date, oil and raffia palms (van Huis et al. 2013).

Most of the species of palm weevil have already been stud-
ied. Among the various species, the following had been pro-
filed: African palm weevil R. phoenicis in Cameroon (Fogang
Mba et al. 2017;Womeni et al. 2009, 2012), Nigeria (Adeyeye
2017; Edijala et al. 2009; Ekpo and Onigbinde 2005; Elemo
et al. 2011; Ogbuagu et al. 2011; Okunowo et al. 2017;
Omotoso and Adedire 2007) and Ghana (Atuahene et al.
2017; Laar et al. 2017); R. palmarum in Côte d’Ivoire (Dué
et al. 2009; Gbogouri et al. 2013) and Nigeria (Adeyeye
2017), and R. ferrugineus in Egypt (Abdel-Moniem et al.
2017) and Malaysia (Ali et al. 2006). However, based on the
review of available scientific literature, no nutritional informa-
tion can be found for the species R. bilineatus. In general, very
little research have been conducted on the edible insects in
Indonesia (Lukiwati 2010).

This study was conceptualized with the objective to give an
overview of the nutritional profile of the wild sago grub
Rhynchophorus bilineatus in support to the principles of die-
tary diversification and the alleviation of malnutrition in
Indonesia and the ASEAN region. The paper discusses the
protein and amino acid content as well as the fat, fatty acid,
vitamin E, and mineral content of the edible insect, the first
profiling ever to be documented for the species.

Materials and methods

Sago grub samples

The grub samples (1 kg) were collected from the wild, specif-
ically, from the sago palm forest in Sentani, the capital of the

Jayapura Regency in Papua, Indonesia in December 2017.
The live insects were washed, patted dry, sealed in a plastic
container, and frozen at −18 °C for 24 h before the container
was packed in a Styrofoam box together with icepacks, and
transported to the Institute of Nutritional Science of the
University of Hohenheim, Germany. The insects were
freeze-dried (LyoQuest-85, Azbil Telstar Technologies
S.L.U, Spain) for 24 h until constant weight was achieved,
and ground for 1 min using a laboratory mill (Model A11
basic, IKA, Germany). The resulting mass was put in Falcon
tubes and stored in a − 80 °C freezer until further analyses
could be conducted.

Chemical analyses

The protein, amino and fatty acids, as well as the mineral
content of the sago grub were analyzed in duplicate at the
Core Facility of the University of Hohenheim. This is an
accredited testing institute (DIN EN ISO/IEC 17025:2005)
with state-of-the-art equipment coupled with well-
established laboratory protocols. On the other hand, the fat
and vitamin E contents were measured in triplicate at the
Institute of Nutritional Science, also in the University of
Hohenheim using methods developed and optimized by the
researchers. All the reagents used were of the highest purity
and analytical grade, and purchased from either Sigma-
Aldrich Chemie (Taufkirchen, Germany) or Merck
(Darmstadt, Germany), unless stated otherwise.

Protein and amino acids The protein content was determined
using the Kjeldahl method, as specified in the Official Journal
of the European Union (EU), Commission Regulation (EC)
No. 152/2009, Annex III C, using the nitrogen conversion
factor of 6.25 (European Commission 2009). The digestion
unit Kjeldatherm and distillation unit VAP 50 Carousel
(Gerhardt GmbH & Co. KG, Königswinter, Germany) were
used in the analysis. The amino acids were determined follow-
ing Annex III F except for tryptophan which was analyzed
using the procedure in Annex III G. The amino acids were
separated and measured by ion exchange chromatography and
ninhydrin post-column derivatization using an amino acid an-
alyzer (Biochrom 30, DKSH Management Ltd., Zürich,
Switzerland).

The percentages and ratio of essential and non-essential
amino acids (EAA and NEAA), the percentages of savory
(aspartic and glutamic acids) and sweet (glycine and alanine)
amino acids, the protein recovery, the amino acid score, and
the most limiting amino acid, as well as whether the sago grub
is a ‘source’ of protein or has ‘high’ content according to the
rules in food labelling from the Codex Alimentarius (FAO/
WHO 2007) were determined based on the results of the
analysis.
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The amount of protein recovered (%) was calculated as the
sum of the amino acids divided by the amount of protein in the
sample multiplied by 100. The amino acid score and the lim-
iting amino acid were determined using the formula and sug-
gested pattern of amino acid requirements for preschool chil-
dren (2–5 years old) of FAO/WHO (1991). First, the amino
acid ratios (amount in mg of an essential amino acid in 1.0 g of
insect protein divided by the value of the same amino acid in
the reference pattern) had to be calculated using the reference
pattern (mg/g protein): histidine, 19; isoleucine, 28; leucine,
66; lysine, 58; methionine + cysteine, 25; phenylalanine +
tyrosine, 63; threonine, 34; tryptophan, 11; and valine, 35.
The lowest amino acid ratio was then taken as the amino acid
score, and the corresponding amino acid as the limiting amino
acid. A food product can be labelled as a protein ‘source’,
when its protein content is at least 10% of the nutrient refer-
ence value (NRV) or may be labelled as ‘high in’ protein,
when the measured value is twice the amount required to be
a ‘source’.

Crude fat and vitamin E content The fat and vitamin E (to-
copherols and tocotrienols) content were extracted and
quantified following the method of Grebenstein and Frank
(2012) as optimized by Irías-Mata et al. (2017). This is the
first time that the method was applied to an edible insect. The
oil from the sago grubwas extracted using 10% n-hexane (v/v)
and stirred for 30 min at room temperature. The residue was
removed using vacuum filtration, and to remove the residual
n-hexane from the supernatant, a vacuum rotary evaporator
(Rotavapor R-100, Büchi Labortechnik, Essen, Germany)
was used at a maximum temperature of 30 °C. The extracted
crude oil was transferred in a bottle wrapped in aluminum foil
to prevent exposure to light, and was refrigerated at 4 °C. The
vitamin E content of the sago grub oil was analyzed using high
performance liquid chromatography (HPLC) together with
palm oil obtained from the same Papua region, for
comparison.

The daily acceptable intakes (AI) of 5 mg and 7.5 mg of α-
tocopherol equivalents (α-TE) among children (1–3 years old)
and adult females (19–50 years old), respectively, were used
to estimate the possible vitamin E contribution of the edible
insect in the diet (FAO/WHO 2001). The α-TE were calculat-
ed using the conversion factor of 1 mg α-TE = 1 mg α-to-
copherol, 2 mg β-tocopherol, 10 mg γ-tocopherol, 3.3 mg
α-tocotrienol, or 20 mg β-tocotrienol (FAO/WHO 2016).

Fatty acids The fatty acid profile was determined according to
the method developed by the Core Facility (P23–5-008). The
oil from the sago grub was dissolved in diisopropyl ether and
methylated by the addition of 0.2 M trimethylsulfonium hy-
droxide in methanol (TMSH). The resulting solution was used
for the determination of the total fatty acid pattern by capillary
gas chromatography with flame ionization detection (7890A:

Capillary GCwith split/splitless- and PTV-injection and FI and
EC detection, Agilent Technologies, USA). The standard used
was Supelco 37-Component FAMEMix (Supelco, Bellefonte,
Pennsylvania, USA), and the column was an Agilent J&WGC
Column DB-23 (30 m × 0.25 mm× 0.25 μm).

Dietary minerals and heavy metals The sago grub was first
defatted using 60% petroleum ether (v/v), and then digested
with the ultraCLAVE III Microwave Digestor (MLS GmbH,
Leutkirch im Allgäu, Germany). Approximately 300 mg of
the defatted sample was weighed out for digestion, moistened
with 1 mL H2O and then mixed with 2.5 mL HNO3. After
digestion, the resulting solution was made up to 10 mL with
H2O and was then measured against the calibration curves of
the differentmineral standards using atom-emission spectrom-
eters VistaPRO ICP-OES (Varian Inc., Palo Alto, USA) for
Ca, Fe, K, Mg, Mn, Na, and P, and ICP-MS NexION 300X
(PerkinElmer, Inc., Massachusetts, USA) for Cd, Cu, Mo, Pb,
and Zn.

The measurements of As and Se were carried out using
hydride generation atomic absorption spectrometer (AAS),
and Hg was measured using cold vapor AAS (AAnalyst
400, PerkinElmer, Inc., Massachusetts, USA). After a pre-
reduction step with potassium iodide and ascorbic acid, the
As and Se in the digestion solution were further reacted with
sodium borohydride to form arsenic hydride and selenium
hydride, respectively. The hydrides were then expelled with
argon from the solutions, transferred to heated quartz glass
cuvettes where they decomposed to elemental As or Se, and
were then measured using the AAS against their respective
calibration curves. For the determination of Hg, the freely
present Hg in the digestion solution was reduced with sodium
borohydride to elemental Hg, and then transferred with an
argon gas stream from the solution to the beam path of the
AAS. The Hg concentration was then measured against a cal-
ibration curve.

From the results of the mineral analysis, the sago grub was
evaluated if it can be labelled as a ‘source of’ Ca, Fe, Mg and
Zn or has ‘high’ content according to the rules in food label-
ling from the Codex Alimentarius (FAO/WHO 2007). The
possible contribution of these minerals (and Se) to the FAO/
WHO (2001) recommended nutrient intakes (RNI) among
children (1–3 years old) and adult females (19–50 years old)
were also calculated.

Data handling and analysis The results generated were first in
freeze-dried (FD) basis before they were converted into wet or
fresh weight (FW) basis. To convert, the results in FD basis
(per 100 g freeze-dried sample) were divided by a conversion
factor which was calculated by dividing the fresh weight of
the sample by its freeze-dried weight. The moisture loss (% of
the fresh weight) due to freeze-drying was also noted. The
results of the analysis are presented as mean value ± standard
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deviation. T-test was done to compare the fatty acid composi-
tion as well as the vitamin E content of the sago grub oil with
the local palm oil using GraphPad Prism 5 (GraphPad
Software, San Diego, California, USA).

Results

The calculated conversion factor in order to convert FD into FW
basis was 2.33, with a moisture loss of 57%. The Indonesian
sago grub contained 10.39 g protein/100 g FW, and a 92%
protein recovery. The amount of protein was slightly greater
than 10 g/100 g FW which means that the edible insect is not
only a source of themacronutrient but can be labeled as ‘high in’
protein based on the Codex Alimentarius (FAO/WHO 2007).

As shown in Table 1, the sago grub contained the complete
set of nine essential amino acids, from tryptophan at 0.12 g to
phenylalanine at 0.79 g/100 g FW. Among the non-essential
amino acids, glutamic acid was the most abundant at 1.27 g,
while cysteine was the least abundant at 0.08 g/100 g FW. The
total amino acid content was 9.53 g/100 g FW, comprised of
42% essential and 58% non-essential amino acids. The ratio
between the essential to non-essential amino acids was 0.73.
Savory amino acids (aspartic and glutamic acids) were at
23%, while the sweet amino acids (glycine and alanine) were
at 14% of the total amino acid content. The amino acid score
was 0.84, and the limiting amino acid was methionine + cys-
teine (Table 2).

The sago grub contained 17.17 g oil/100 g FW. As shown
in Table 3, in 100 g fresh weight, there is 8.21 g saturated fatty
acids (SFA), 8.18 g monounsaturated fatty acids (MUFA), and
only 0.79 g polyunsaturated fatty acids (PUFA). In 0.5 g sago
grub oil, palmitic acid has the highest concentration (42%)
among the SFA, while oleic acid (45%) is highest among the
MUFA, and linoleic acid (3%) among the PUFA. The same
pattern was observed in the palm oil sample, although it
contained 0.09% margaric acid and 0.23% eicosenoic acid,
two fatty acids not detected in the sago grub oil.

The vitamin E profile of the sago grub is shown in Table 4.
Except for δ- and β-tocopherol, the sago grub oil contained
significantly less tocopherols and tocotrienols compared to
palm oil. The oil from the sago grub had the most α-
tocopherol (43.25 μg/g oil) and the least amount of δ-
tocopherol (0.12 μg/g oil) among the vitamin E congeners.
δ-Tocopherol was not detected in the palm oil at all.

The sago grub contained essential minerals that ranged
from <0.002 to 204.55 mg/100 g FW (Table 5). At the
same time containing heavy metals - As, Cd, Pb and Hg
- that ranged from <0.002 mg to 0.013 mg/100 g FW
(Table 6).

Table 7 shows the sago grub’s micronutrient contribution
as a percentage of the AI or the RNI specified by FAO/WHO
(2001) for children (1–3 years old) and adult females (19–
50 years old). The sago grub can cover 10–16% of the accept-
able intakes of α-tocopherol equivalents (α-TE), less than
12% of the RNI for selenium; less than 6% for iron; and less
than 3% for calcium. On the other end of the spectrum, the
sago grub can provide a good amount of magnesium (24–

Table 1 Essential and non-
essential amino acid content
(mean values in g/100 g FW±
SD; n = 2) of sago grub

Essential amino acid g/100 g FW Non-essential amino acid g/100 g FW

Histidine 0.22 ± 0.00 Alanine 0.80 ± 0.00

Isoleucine 0.40 ± 0.00 Aspartic acid 0.88 ± 0.00

Leucine 0.71 ± 0.00 Arginine 0.46 ± 0.00

Lysine 0.65 ± 0.00 Cysteine 0.08 ± 0.00

Methionine 0.14 ± 0.00 Glutamic acid 1.27 ± 0.01

Phenylalanine 0.79 ± 0.00 Glycine 0.53 ± 0.00

Threonine 0.44 ± 0.00 Proline 0.59 ± 0.00

Tryptophan 0.12 ± 0.00 Serine 0.55 ± 0.00

Valine 0.54 ± 0.01 Tyrosine 0.36 ± 0.00

Sum 4.01 ± 0.00 Sum 5.52 ± 0.00

Table 2 Essential amino acid ratios based on the FAO/WHO pattern for
children (2–5 years old), amino acid score and limiting amino acid of the
sago grub

Essential amino
acid (AA)

FAO/WHO pattern for
children (2–5 years old)

Ratio

Histidine 19 1.13

Isoleucine 28 1.37

Leucine 66 1.04

Lysine 58 1.08

Methionine + Cysteine 25 0.84

Phenylalanine + Tyrosine 63 1.75

Threonine 34 1.24

Tryptophan 11 1.05

Valine 35 1.49

AA Score 0.84

Limiting AA Met + Cys
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88%) and zinc (29–34%) in the daily RNI of children and
adult females if it is included in their diet .

Discussion

According to Payne et al. (2016), the palm weevil larva, in
general, is significantly more healthful than beef and chicken
based on its nutrient value score calculated from publicly

available nutrient composition data. The sago grub
Rhynchophorus bilineatus in this study has a slightly higher
protein content (10.39 g protein/100 g FW) than the
Rhynchophorus ferrugineus larva from the Southeast
Sulawesi Province also in Indonesia. According to Nirmala
et al. (2017), the latter contained 9.70 g protein/100 g FW.
On the other hand, the sago grub has a lower protein and fat
content (17.17 g oil/100 g FW) compared to the results of
Abdel-Moniem et al. (2017) on their analysis of the pupae
and larvae of red palm weevil, Rhynchophorus ferrugineus
Olivier in Egypt. The Egyptian insect had a higher protein
content (32%) in the pupal stage than in the larval stage

Table 3 Fatty acid profiles (mean
values ± SD; n = 2) of the
Indonesian sago grub and palm
oil

Fatty acid (FA) % FA in 0.5 g Oil Sago grub (g FA/100 g FW)

Palm Sago grub

C12:0*** Lauric 0.130 ± 0.000 0.030 ± 0.000 0.005 ± 0.000

C14:0*** Myristic 0.805 ± 0.007 1.075 ± 0.007 0.185 ± 0.001

C15:0* Pentadecanoic 0.045 ± 0.007 0.085 ± 0.007 0.015 ± 0.001

C16:0** Palmitic 34.740 ± 0.735 42.455 ± 0.035 7.290 ± 0.006

C17:0 Margaric 0.090 ± 0.014 ND ND

C18:0ns Stearic 3.940 ± 0.438 3.670 ± 0.014 0.630 ± 0.002

C20:0ns Arachidic 0.370 ± 0.099 0.470 ± 0.014 0.081 ± 0.002

C22:0ns Behenic 0.090 ± 0.014 ND ND

Total SFA*** 40.210 ± 0.127 47.785 ± 0.035 8.205 ± 0.006

C16:1*** Palmitoleic 0.195 ± 0.035 3.015 ± 0.007 0.518 ± 0.001

C18:1n9c* Oleic 46.810 ± 0.410 44.630 ± 0.141 7.663 ± 0.024

C20:1 Eicosenoic 0.225 ± 0.007 ND ND

Total MUFAns 47.220 ± 0.354 47.645 ± 0.148 8.181 ± 0.025

C18:2n6c** Linoleic 12.380 ± 0.438 3.010 ± 0.212 0.517 ± 0.036

C18:3n3c*** α-linolenic 0.215 ± 0.021 1.560 ± 0.028 0.268 ± 0.005

Total PUFA** 12.595 ± 0.460 4.570 ± 0.184 0.785 ± 0.032

Legend: p < 0.001, extremely significant ***; p = 0.001 to 0.01, very significant **; p = 0.01 to 0.05, significant *;
p > 0.05, ns not significant; ND Not detected; SFA Saturated fatty acids; MUFA Monounsaturated fatty acids;
PUFA Polyunsaturated fatty acids

Table 4 Vitamin E profiles (mean values in μg/g ± SD; n = 3) of the
Indonesian sago grub and palm oil

Vitamin E (μg/g Oil) Sago grub Palm

α-Tocotrienol*** 0.80 ± 0.06 92.58 ± 8.16

β-Tocotrienol*** 0.18 ± 0.09 2.30 ± 0.33

δ-Tocotrienol*** 0.47 ± 0.08 23.50 ± 3.29

γ-Tocotrienol*** 2.52 ± 0.12 79.45 ± 8.52

α-Tocopherol** 43.25 ± 2.69 87.47 ± 8.96

β-Tocopherol*** 3.85 ± 0.15 0.19 ± 0.05

δ-Tocopherol 0.12 ± 0.01 ND

γ-Tocopherol* 0.26 ± 0.05 0.49 ± 0.12

Total T** 47.48 ± 2.67 88.14 ± 9.10

Total T3*** 3.97 ± 0.29 197.82 ± 7.12

Total VE*** 51.44 ± 2.45 285.97 ± 15.01

Legend: p < 0.001, extremely significant ***; p = 0.001 to 0.01, very
significant **; p = 0.01 to 0.05, significant *; ND Not detected; T
Tocopherol; T3 Tocotrienol; VE Vitamin E

Table 5 Mineral content (mean values in mg/100 g FW± SD; n = 2) of
the sago grub and the limits for food labelling ‘source of’ and ‘high in’

Dietary mineral (mg/100 g FW) ‘Source of’ ‘High in’

Calcium 14.93 ± 1.00 120 240

Copper 0.38 ± 0.03

Iron 0.77 ± 0.04 2.1 4.2

Magnesium 52.64 ± 2.56 45 90

Manganese 0.35 ± 0.02

Molybdenum 0.003 ± 0.000

Phosphorus 102.32 ± 4.38

Potassium 204.55 ± 4.77

Selenium <0.002 ± 0.000

Sodium 16.59 ± 0.40

Zinc 2.87 ± 0.15 2.25 4.5
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(30%). Meanwhile, the fat content of the larvae was 22%
while that of the pupae was 19%. Other palm weevil larvae
like those of Rhynchophorus palmarum and Rhynchophorus
phoenicis have protein contents ranging from 7 to 21 g/100 g
FW (FAO 2017), and fat contents ranging from 6.24–7.48 g/
100 g FW (Adeyeye 2017). On the other hand, the
Rhynchophorus phoenicis larvae fromCameroon have protein
and fat contents of 8 g/100 g and 21 g/100 g FW, respectively
(Fogang Mba et al. 2017) while Rhynchophorus phoenicis
larvae from Nigeria contained 24 g protein/100 g FW, and
15 g fat/100 FW (Okunowo et al. 2017). The variability in
the protein and fat content or the proximate composition of the
larvae, in general, could be directly attributed to the difference
in measurement methods, and in the diet of the insects.
Indirectly, it could also be due to the difference in body size,
age during harvest, and the living environment at the geo-
graphical origin or source of the edible insects under study
(Raheem et al. 2019; van Huis and Oonincx 2017).
Information on the effect of these factors on the nutrient pro-
file of edible insects is vital, as any one of them could be the
deciding factor in the effective domestication and industrial
production of these insects (Raheem et al. 2019).

It is predicted that the world population will grow over nine
billion by 2050, and one of the biggest challenges is to

increase the global food supply by at least 1.30% per year
(Fischer et al. 2014; Godfray 2015; Grafton et al. 2015).
Attaining food security in the future would necessitate the
utilization of sustainable alternative protein and fat sources
like the Indonesian sago grub, which, as a component of a
diversified diet, could also contribute in attaining the
Sustainable Development Goal (SDG) to end all forms of
malnutrition, especially protein energy malnutrition (PEM),
by 2030. PEM occurs in both developed and developing coun-
tries, and is a leading cause of death in young children all over
the world (Grover and Ee 2009).

The sago grub has a high protein recovery (92%), this
means that the edible insect can provide the protein in the diet
of the people in the Papua Province, especially those who use
sago starch, with its low protein content, as staple food. The
high protein recovery can also be translated as the protein
content which is mainly contributed by the amino acids, and
so, only 8% of the protein may be attributed to chitin and other
nitrogen-containing compounds (Finke 2015). Chitin is pres-
ent in the exoskeleton of edible insects, and it could trigger an
allergic reaction in some people who possess very small
amount of bacterial chitinolytic enzyme in their gut
(Dušková et al. 2011; EFSA 2015). On the other hand, chitin
and chitosan (its most studied derivative) have also been

Table 6 Heavy metal content
(mean values in mg/100 g FW±
SD; n = 2) of the sago grub with
the limits for feed material and
complete feed

Heavy metal (mg/100 g FW) Feed material max. limit
(mg/100 g FW)

Complete feed max. limit
(mg/100 g FW)

Arsenic <0.002 ± 0.000 0.176 0.176

Cadmium 0.013 ± 0.000 0.176 0.044

Lead <0.004 ± 0.000 0.880 0.440

Mercury <0.002 ± 0.000 0.009 0.009

Table 7 Contribution (%) of the
micronutrients in the sago grub to
the daily acceptable and
recommended nutrient intakes set
by FAO/WHO (2001)

Micronutrient Amount (mg/100 g FW) Children (1–3 years old) Adult Females (19–
50 years old, pre-
menopausal)

Vitamin AI (mg/day) % AI AI (mg/day) % AI

α-Tocopherol 0.743 ± 0.046

5

15.60 7.5 10.40
β-Tocopherol 0.066 ± 0.003

γ-Tocopherol 0.004 ± 0.001

α-Tocotrienol 0.014 ± 0.001

β-Tocotrienol 0.003 ± 0.001

α-TE 0.780 ± 0.046

Mineral RNI (mg/day) % RNI RNI (mg/day) %RNI

Calcium 14.93 ± 1.00 500 2.99 1000 1.49

Iron (5% bioavailability) 0.77 ± 0.04 12 6.42 59 1.31

Magnesium 52.64 ± 2.56 60 87.73 220 23.93

Selenium <0.002 ± 0.000 0.017 <11.76 0.026 <7.69

Zinc (low bioavailability) 2.87 ± 0.15 8.4 34.17 9.8 29.29

Legend: α-TE α-Tocopherol equivalents; AI Acceptable intakes; RNI Recommended nutrient intake
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linked to adaptive immunity (Komi et al. 2018). Nagatani
et al. (2012) have reported the positive effect of chitin in the
control of inflammation of the intestines; Bae et al. (2013)
have reported that chitin and chitosan are capable of
suppressing anaphylaxis symptoms from peanut allergy; and
Wiesner et al. (2015) have reported the involvement of chitin
in the immunity against pulmonary cryptococcal infection.

The sago grub met the FAO/WHO (1973) requirements of
40% essential amino acids and a 0.60 ratio between essential
to non-essential amino acids. In a study on mice by Romano
et al. (2019), it was concluded that the ratio among EAA and
NEAA is the most probable factor responsible for the health-
promoting effects of proteins, and that the higher the ratio
(closer to 1 or even greater than 1 if supplemented with addi-
tional EAA) in the diet, the more efficient it is to increase the
lifespan of people suffering from malnutrition.

Cereals like rice and maize, staple foods in various regions
around the world, are mostly low in lysine and may lack tryp-
tophan and threonine. However, these amino acids are abun-
dantly present in some insect species (Bukkens 2005). In the
case of the Indonesian sago grub, lysine is the third most abun-
dant essential amino acid after phenylalanine and leucine. It also
contains threonine and tryptophan, although they are the least
abundant among both essential and non-essential amino acids.

When compared to the FAO/WHO requirement for pre-
school children aged 2–5 years, the limiting amino acid in
the sago grub is the sulfur amino acid –methionine + cysteine.
In a study by Finke (2015), when compared to the national
requirements for rats or poultry, the limiting amino acid of
crickets, mealworms, superworms, and waxworms is also me-
thionine and cystine. In contrast, the limiting amino acid of the
larva of the African palm weevil, Rhynchophorus phoenicis,
from Nigeria was tryptophan (Elemo et al. 2011).

Palmitic (42%), oleic (45%), and linoleic (3%) acids are the
major fatty acids in the sago grub oil which were similarly
observed by Ekpo and Onigbinde (2005) on Rhynchophorus
phoenicis, with the larva oil containing palmitic (32%), oleic
(40%) and linoleic (13%) acids. Generally, insects have more
unsaturated fatty acids (UFA) compared to saturated fatty
acids (SFA) (de Castro et al. 2018). The sago grub has a higher
SFA (48%) and MUFA (48%), but a lower PUFA (5%) con-
tent compared to the larvae of Rhynchophorus phoenicis and
Rhynchophorus palmarum from Nigeria with SFA ranging
from 29 to 31%, MUFA from 37 to 40%, and PUFA from
29 to 34%. The PUFA/SFA ratio ranged from 0.92 to 1.20
(Adeyeye 2017), while the PUFA/SFA ratio of the
Indonesian sago grub is only 0.096. Nevertheless, the high
amount of unsaturated fatty acids (MUFA + PUFA) has kept
the sago grub oil, like other plant oils, liquid even at a low
storage temperature (4 °C). The oil extracted from the sago
grub can not only be used in food and animal feed, it could
also have possible industrial applications (e.g. cosmetics, lu-
brication, pharmaceutical industries).

Like vitamins A, D, and K, vitamin E is a fat-soluble vita-
min. It is composed of fat-soluble compounds – four of which
has the chromanol ring structure bound to a saturated 15-
carbon side chain (tocopherols), and another four with three
trans double bonds in the carbon side-chain (tocotrienols). In
the identification of the compounds, Greek prefixes (α, β, γ,
δ) are used to denote the number and position of the methyl
groups substituted at the chromanol ring (Frank et al. 2012).
Vitamin E is exclusively produced by photosynthetic organ-
isms and, thus, present in plant-based foods, particularly in
vegetable oils (Sen et al. 2006). On the other hand, animals
can acquire their vitamin E content from the plants that they
consume or by eating other animals that consumed the vitamin
E-containing plants, and had stored the micronutrient in their
liver, muscles and fat. It is therefore understandable that the
palm oil sample yielded a significantly higher vitamin E con-
tent compared to the oil from the sago grub. A gram of palm
oil contained 305 μg vitamin E, 71% of which is composed of
tocotrienols, while a gram of sago grub oil only contained
51 μg vitamin E, 92% of which is composed of tocopherols.
α-tocotrienol was the predominant vitamin E compound in the
palm oil while α-tocopherol was the predominant compound
in the sago grub oil.

The palm oil did not contain a detectable amount of δ-
tocopherol, similar to the oils obtained from Costa Rican
palms via screw press extraction (Irías-Mata et al. 2017).
While in contrast, the sago grub oil contained δ-tocopherol
(0.12 μg/g oil), and a significantly high amount of β-
tocopherol (3.85 μg/g oil). The sago grub could have only
obtained their vitamin E from the starchy palm pith that they
consume.

The α-TE in 100 g sago grub can provide children with
16% of their daily AI level, and can cover 10% of adult fe-
males’ daily AI. Both tocopherols (α, β, γ) and tocotrienols
(α, β) contribute in the calculation of the α-TE. Although γ-
tocopherol is the predominant class of dietary vitamin E, α-
tocopherol is the most significant vitamin E form for human
nutrition and physiology (Rigotti 2007;WHO/FAO 2004). On
the other hand, the tocotrienols, aside from being powerful
antioxidants, are known to possess great neuroprotective,
anti-cancer and cholesterol-lowering properties (Sen et al.
2006).

According to the WHO, every 100 g of weevil larvae con-
tains 4.3 mg iron, 461 mg calcium, and other vitamins and
minerals (Mercer 1997). In the sago grub, Rhynchophorus
bilineatus, potassium (204.55 mg/100 g FW), phosphorus
(102. 32 mg/100 g FW), and magnesium (52.64 mg/100 g
FW) were the most abundant minerals, while selenium (<
0.002 mg/100 g FE) and molybdenum (0.003 mg/100 g
FW) were the least abundant. Based on the Codex
Alimentarius (FAO/WHO2007), the sago grub is not a source
of iron and calcium. This is as expected since invertebrates
without a mineralized skeleton can contain very little calcium
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(de Castro et al. 2018). On the other hand, the sago grub can
be labelled as a source of zinc and magnesium. There is, how-
ever, a gap in information regardingthe bioavailability of these
minerals (de Castro et al. 2018).

Zinc is an integral component of more than 300 enzymes
taking part in the synthesis and metabolism of both macro and
micronutrients. It also helps maintain cell and organ integrity
and immunity and plays a significant role in gene expression.
Likewise, magnesium is a co-factor of various enzymes that
are engaged in the metabolism of energy, synthesis of protein
and nucleic acids (DNA and RNA), and the regulation of the
electrostatic potential of neural tissues and cellular mem-
branes. It is also involved in the regulation of potassium and
the utilization of calcium in the body (FAO/WHO 2001). The
sago grub (100 g FW) can provide children (1–3 years old)
with 34% and 88% of their daily RNI for zinc andmagnesium,
respectively, while it can provide adult females (19–50 years
old) with 29% and 24% of their daily RNI for the same min-
erals. However, integrating the sago grub in the diet is not so
easy. Aside from the sensory aspect, there are several other
issues concerning entomophagy.

One of these concerns is the possibility that the edible in-
sects are contaminated with pesticides and heavy metals from
the environment they dwell in. Because of their highly toxic
nature, arsenic, cadmium, lead and mercury are considered
extremely dangerous to human health. However, since the
standards on heavy metals in edible insects for human con-
sumption are not yet available, the measured values in this
study were compared with the maximum allowable levels
(converted to mg/100 g fresh weight basis) for feed material
and complete feed set in the Official Journal of the European
Union, Commission Regulation (EU) No. 1275/2013 for ar-
senic, cadmium and lead (European Commission 2013), and
in the Directive 2002/32/EC of the European Parliament and
of the Council of 7 May 2002 on undesirable substances in
animal feed for mercury (European Parliament and Council
2002). From the results, the sago grub showed less than the
maximum limits for arsenic, cadmium, lead and mercury for
feed material and complete feed. The grub samples were col-
lected from the wild, and these results can also be a confirma-
tion that the environment where they come from is relatively
safe and free of harmful pesticides and heavy metals.

Conclusion

The R. bilineatus is an indigenous natural product of the
Papua Province in Indonesia. Based on the results of this
study, it contains micronutrients (tocopherols, tocotrienols,
and minerals), and can be an alternative source of fatty acids
and oil, and amino acids and protein. Its propagation and
utilization should be encouraged especially in areas in
Indonesia, and maybe in neighboring countries where they

are endemic, and where malnutrition is also prevalent. The
consumption of edible insects should be considered as a com-
ponent of dietary diversification – a sustainable way of alle-
viating the nutritional status of the population.
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