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 Stunting in children, pregnancy complications, and osteoporosis in the elderly 
remain prevalent in Indonesia, often linked to protein deficiency. This issue is 
particularly common among lower socio-economic groups, where limited 
purchasing power reduces protein consumption. The availability of protein 
sources is further threatened by climate change and declining environmental 
quality. Conventional protein sources also contribute to environmental 
degradation. Hence, there is a pressing need for sustainable, affordable, and 
environmentally friendly protein alternatives. The FAO has recognized edible 
insects as a viable future protein source. This study focuses on evaluating the 
nutritional content and food safety of three types of edible insects: mealworms, 
superworms, and Black Soldier Fly Larvae (BSFL). The research uses a Completely 
Randomized Design (CRD) with two factors: species (S) and larval condition (K). 
Six treatments are tested, each with three replications. Nutritional parameters 
assessed include carbohydrates, fats, proteins, antioxidants, and vitamins, while 
food safety is evaluated through microbial contamination and heavy metal 
analysis. Edible insects, such as mealworms, superworms, and BSFL, offer a 
varied nutritional profile, including protein, fat, carbohydrates, vitamin E, and 
antioxidants, making them a promising alternative protein source. 
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 A B S T R A K 

 

Stunting pada anak, komplikasi kehamilan, dan osteoporosis pada lansia masih 
menjadi masalah prevalen di Indonesia, yang sering kali terkait dengan 
kekurangan protein. Masalah ini terutama terjadi pada kelompok masyarakat 
dengan status sosial ekonomi rendah, di mana keterbatasan daya beli 
mengurangi konsumsi protein. Ketersediaan sumber protein semakin terancam 
oleh perubahan iklim dan penurunan kualitas lingkungan. Sumber protein 
konvensional juga berkontribusi pada kerusakan lingkungan. Oleh karena itu, 
diperlukan alternatif protein yang berkelanjutan, terjangkau, dan ramah 
lingkungan. FAO telah mengakui serangga yang dapat dimakan sebagai sumber 
protein yang layak di masa depan. Penelitian ini bertujuan untuk mengevaluasi 
kandungan gizi dan keamanan pangan dari tiga jenis serangga yang dapat 
dimakan: mealworm, superworm, dan Black Soldier Fly Larvae (BSFL). Penelitian 
ini menggunakan Rancangan Acak Lengkap (RAL) dengan dua faktor: spesies (S) 
dan kondisi larva (K). Enam perlakuan diuji, masing-masing dengan tiga 
replikasi. Parameter gizi yang dianalisis meliputi karbohidrat, lemak, protein, 
antioksidan, dan vitamin, sementara keamanan pangan dinilai melalui 
kontaminasi mikroba dan analisis logam berat. Serangga yang dapat dimakan, 
seperti mealworm, superworm, dan BSFL, menawarkan profil gizi yang 
bervariasi, termasuk protein, lemak, karbohidrat, vitamin E, dan antioksidan, 
menjadikannya sumber protein alternatif yang menjanjikan. 
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INTRODUCTION 
 

Nutritional adequacy in Indonesia remains a significant 
challenge, particularly for vulnerable populations such as 
children and pregnant women. According to the latest 
estimates, one in five children aged 0–5 years in Indonesia 
was at risk of stunting in 2020 (UNICEF/WHO/WBG, 2021). 
Stunting has long-term effects on physical and cognitive 
development, increasing the risk of poor academic 
performance and reduced economic productivity in 
adulthood. Recent studies show that nutrient intake across 
regions in Indonesia is uneven. For instance, in Jakarta, 71% 
of children aged 25–30 months consumed less than the 
recommended daily energy intake, averaging only 865 kcal 
per day (Fikawati et al., 2021). In Nabire, 30% of children 
aged 6–24 months were found to be protein deficient 
(Ibrahim et al., 2023). These data highlight an urgent need 
for strategies to improve protein intake, particularly in rural 
and economically disadvantaged areas. 

Protein plays an essential role in growth, development, 
and overall health, with a minimum daily requirement of 0.8 
grams per kilogram of body weight (Russell et al., 2023). 
Deficiencies in protein intake are strongly associated with 
increased risks of stunting in children (Fikawati et al., 2021) 
and pregnancy complications that can affect both maternal 
and fetal outcomes (Ekawati et al., 2022). Protein deficiency 
in Indonesia is closely linked to the socio-economic status of 
families, especially in lower-income groups where limited 
purchasing power reduces access to high-quality protein 
sources (Beal et al., 2018). Economic disparities in Indonesia 
have driven a growing need for affordable and sustainable 
protein alternatives that can meet the nutritional 
requirements of vulnerable populations (Ekawati et al., 
2022). 

In response to this challenge, edible insects have 
emerged as a promising solution. Since 2010, the Food and 
Agriculture Organization (FAO) has advocated for the 
consumption of edible insects as a sustainable protein source 
(van Huis et al., 2013). Recent studies have reaffirmed the 
nutritional value of edible insects, emphasizing their high 
protein content, rich bioactive compounds, and minimal 
environmental impact (Li et al., 2023). Several countries, 
including Australia and New Zealand, have approved 
mealworms, superworms, and house crickets as safe for 
human consumption (NSW Food Authority, 2021). 
Additionally, the European Food Safety Authority has 
recently expanded the list of approved insect species to 
include Black Soldier Fly (BSF) larvae and lesser mealworms 
(van Huis, 2023). These developments highlight the growing 
acceptance of edible insects as part of the global food system. 

Despite global advancements in the study and 
commercialization of edible insects, research on their 
potential as a protein source in Indonesia remains limited. 
Most existing studies focus on global contexts, particularly in 
Europe, Australia, and the United States, where edible insects 
are increasingly integrated into the food industry as 
alternative protein sources (van Huis et al., 2013; Li et al., 
2023). However, in Indonesia, local research on the 
nutritional content and food safety of key edible insect 
species—such as mealworms, superworms, and Black Soldier 
Fly (BSF) larvae—is scarce and fragmented. This gap is 
significant given Indonesia’s unique ecological and socio-
economic conditions, which may influence both the 
nutritional profile and safety aspects of edible insects 
cultivated locally (Hanif et al., 2023). 

Several studies and reviews have evaluated the 
nutritional composition of edible insects globally (Alves et 

al., 2016; Nowak et al., 2016; Rumpold & Schlüter, 2013). 
These findings cannot be directly applied to Indonesia due to 
differences in cultivation practices, environmental factors, 
and feed composition, which are known to affect nutrient 
profiles and heavy metal accumulation in insects (Noyens et 
al., 2023). The limited availability of comprehensive local 
data poses challenges for policymakers and food industry 
stakeholders aiming to promote edible insects as a 
sustainable food source. 

From a food safety perspective, there is an urgent need 
for more localized research to assess microbial 
contamination and heavy metal content in edible insects 
cultivated in Indonesia. Studies from other countries have 
highlighted potential risks related to improper processing 
and contamination during insect farming (Misnayati et al., 
2022; Andrade Korn et al., 2008). These risks must be 
thoroughly evaluated in the Indonesian context to ensure 
consumer safety and establish regulatory frameworks 
aligned with national food safety standards. 

Theoretically, this study draws upon concepts from 
sustainability science and nutrition transition theory. 
Sustainability science emphasizes the importance of 
developing environmentally friendly food systems that 
reduce reliance on resource-intensive animal protein 
(Rockström et al., 2009). Meanwhile, nutrition transition 
theory highlights the shifting dietary patterns in developing 
countries, where rising incomes often lead to increased 
consumption of animal-based protein despite the 
environmental costs (Drewnowski & Popkin, 1997). In 
Indonesia, edible insects offer a practical solution that aligns 
with both frameworks by providing a high-protein, low-
environmental-impact alternative that can bridge the gap 
between nutritional needs and sustainable food production. 

Thus, this study aims to fill these knowledge gaps by 
conducting a comprehensive assessment of the nutritional 
content and food safety of edible insects cultivated in 
Indonesia. By focusing on mealworms (Tenebrio molitor), 
superworms (Zophobas morio), and Black Soldier Fly (BSF) 
larvae (Hermetia illucens), this research provides an in-
depth evaluation of their potential as alternative protein 
sources. Specifically, the study investigates their nutritional 
profiles, including the analysis of carbohydrates, proteins, 
fats, antioxidants, and vitamins, which are essential 
components of a balanced diet. In addition to nutritional 
content, the study also examines critical food safety aspects 
such as microbial contamination and heavy metal 
accumulation, which are key factors in determining the 
suitability of edible insects for human consumption. 

This comprehensive approach is expected to generate 
valuable empirical data that can bridge existing knowledge 
gaps in the literature. By presenting a detailed analysis of 
both nutritional benefits and potential safety risks, the study 
will contribute significantly to the body of knowledge on 
alternative protein sources. Furthermore, the findings will 
offer scientific support for the formulation of national 
policies aimed at promoting edible insects as a sustainable 
and affordable source of nutrition. 

The relevance of this study aligns with Indonesia’s 2045 
National Long-Term Development Plan (RPJPN), which 
emphasizes the importance of achieving food sovereignty 
and sustainability as part of the nation’s long-term food 
security strategy (Kementerian PPN/Bappenas, 2023). Given 
the increasing global and local demand for sustainable food 
systems, this research not only addresses an urgent national 
need but also positions Indonesia to become a leader in 
integrating edible insects into the future of food security and 
nutrition. Research Questions: 
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1. What is the nutritional status of three edible insect 
species cultivated in Indonesia? 

2. What are the food safety aspects of edible insects 
cultivated in Indonesia? 

 
 
 
METHOD 
 
Materials 

 
The materials used in this study were carefully selected 

to ensure accurate and reliable results across all stages of the 
experiment. These include basic ingredients and chemical 
reagents required for sample preparation, nutritional content 
analysis, and food safety testing. Specifically, Bimandiri okra, 
Arabic gum, guar gum, xanthan gum, cooking oil, water, and 
green food coloring were used in sample processing. 
Analytical reagents, such as buffer solutions with pH 2–9, 1M 
sodium hydroxide (NaOH), 1M hydrochloric acid (HCl), 
sodium chloride (NaCl), 96% ethyl alcohol, and acetone, were 
essential for chemical analysis and microbial testing. These 
reagents ensured the accuracy and precision of the tests 
conducted. 

The equipment utilized in this study included both 
general laboratory apparatus and specialized tools to handle 
the preparation and analysis of edible insect samples. 

Equipment such as a Philips mixer, Sanyo EM-P microwave, 
and Panasonic MXJ1G dry blender were used for sample 
preparation, while a Memmert oven and water bath were 
employed for sample dehydration and controlled heating 
processes. The color of the samples was measured using a 
Minolta CR-300 colorimeter to ensure uniformity in sample 
preparation. Additionally, a Hettich Zentrifugen EBA 20 
centrifuge was used for centrifugation processes, and an 80-
mesh sieve ensured consistency in particle size for dry 
samples. Other laboratory equipment was employed as 
needed to maintain high standards of accuracy and 
consistency throughout the experiment. 
 
Experiment Design 

 
This study will be conducted over a period of 10 months. 

A quantitative experimental approach will be employed 
using a Factorial Completely Randomized Design (CRD) with 
two factors and three replications, resulting in 18 sample 
units. The first factor is species (S) with three levels: 
Mealworm (S1), Superworm (S2), and BSFL (S3). The second 
factor is sample condition (K) with two levels: K1 represents 
live larvae (Fresh), and K2 represents dried larvae. Thus, 
there will be six treatments with three replications, resulting 
in 18 sample units. The details of the experimental design 
are presented in Table 1.                       .

 
Table 1. Details of Treatments 
 

 Species 
Condition 

Mealworm 
(S1) 

Super worm 
(S2) 

BSFL 
(S3) 

Fresh (K1) S1K1 x 3 Replication S2K1 x 3 Replication S3K1 x 3 Replication 
Dried (K2) S1K2 x 3 Replication S2K2 x 3 Replication S3K2 x 3 Replication 
 Total Unit Sample 18 

Information :  
S1K1  : Fresh Mealworm  
S1K2  : Dried Mealworm  
S2K1  : Fresh Superworm  
S2K2  : Dried Superworm  
S3K1  : Fresh BSFL  
S3K2  : Dried BSFL 
 

The data used in this study are primary data derived from 
laboratory analysis results. The laboratory tests, which 
include the identification of nutrient content and food safety 
aspects, will be conducted at the Integrated Testing 
Laboratory of the Universitas Trunojoyo Madura. The larval 
samples used in this study were obtained through direct 
purchase, both offline and online. 

 
Sample Preparation 

 
1. Dry Samples  

a. The dry larva samples were placed in a dehydrator 
for 30 minutes at 30°C to ensure the moisture 
content was suitable for milling. 

b. The samples were ground using a blender and 
sieved with a 100-mesh food-grade sieve. 

c. Each sample was weighed to 20 grams and placed 
in sterilized airtight glass containers, then stored in 
insulated packaging. 

2. Live Samples  
a. Live larva samples underwent a fasting treatment 

for three days in a greenhouse to eliminate residual 
feed. 

b. After fasting, the larvae were dried using a 
dehydrator at 30°C for 180 minutes. 

c. The dried samples were ground and sieved with a 
100-mesh food-grade sieve, weighed to 20 grams, 
and stored in sterilized airtight containers. 

 
Nutrient Content Testing  

 
The nutrient content tests include proximate analysis (to 

determine carbohydrate, fat, and protein content), 
antioxidant activity testing, and vitamin content.  

 
1. Carbohydrate Analysis  

The carbohydrate by difference method is used to 
determine the carbohydrate content of the samples. This 
method is performed by subtracting the percentages of 
protein, fat, ash, and moisture from 100% (Latimer, 2023). 
2. Fat Analysis 

The principle of this method involves extracting the fat 
from the sample using diethyl ether as a solvent (Latimer, 
2023). The solvent is then evaporated, leaving only the fat, 
which is then weighed.  
3. Protein Analysis  

The Kjeldahl method (Aguirre, 2023) is used to determine 
the protein content of the samples using the following 
formula: 
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% protein =  
(A-B) x N x 14.007 x 6.25 x 100% 

Weight of the sample 
 

Where, 
• AA is the volume of HCl in the sample, 
• BB is the volume of HCl in the blank, 
• NN is the normality of the standard HCl, 
• 14.007 is the atomic weight of nitrogen, 
• 6.25 is the protein conversion factor. 
 
4. Antioxidant Activity Analysis  

The antioxidant activity is determined using the DPPH 
method (Yuniastri et al., 2020), also known as the DPPH 
radical scavenging assay. The percentage of antioxidant 
activity is measured using the following formula: 

 

% antioxidant =  
Ac - A 

X 100% 
   Ac 

 
Where: 
• AcA_c is the absorbance value of the control, 
• AA is the absorbance value of the sample. 

 
 

5. Vitamin Analysis  
The vitamin content is analyzed using UV-Vis 

spectrophotometry method (Latimer, 2023) by dissolving the 
sample in distilled water before measuring its absorbance. 

 
Food Safety Testing  

 
The food safety analysis focused on microbial 

contamination and heavy metal contamination. Microbial 
testing included Escherichia coli and yeast contamination 
(BPOM regulation No. 13 of 2019), while heavy metal 
analysis tested for tin, lead, and cadmium using 
spectroanalytical methods (Andrade Korn et al., 2008). 
 
Statistical Analysis  

 
The primary data obtained from the laboratory tests are 

then subjected to statistical analysis to determine the 
significant effects of species and conditions on the 
nutritional content and food safety of edible insects. The 
primary data obtained were subjected to statistical analysis 
using one-way ANOVA to assess the significant effects of 
species and sample condition on nutritional content and 
food safety parameters. Post-hoc tests were conducted to 
identify significant differences between treatment groups. 
 
 
 
RESULTS OF STUDY 

 
Table 2 presents the results of proximate analysis, 

including the moisture and ash content of edible insect 
samples across six different treatments. The moisture and 
ash content varied significantly depending on the insect 
species and sample condition (fresh or dried). The results of 
the moisture content analysis show significant variation 
among the different treatments of edible insect samples. The 
highest moisture content was observed in S3K1 (dried BSFL) 
at 46.06%, while the lowest was found in S1K1 (live 
mealworms) at 12.60%. This substantial difference in 
moisture content indicates that the species and sample 

condition (fresh or dried) significantly influence the water 
content in edible insects. 

The statistical analysis using a Completely Randomized 
Design (CRD) revealed a significance value of 0.00 (<0.05), 
indicating that the treatments had a significant effect on the 
moisture content of the samples. Further analysis using the 
Least Significant Difference (LSD) test showed no significant 
difference between S1K1 and S1K2 or between S1K2 and 
S2K1, suggesting that the moisture content in these 
treatments was relatively similar. However, significant 
differences were observed in all other treatments, 
highlighting distinct variations in moisture retention across 
species and sample conditions. The high moisture content in 
dried BSFL (S3K1) suggests that even after drying, the sample 
retains considerable water content, which may affect its 
storage stability and shelf life. In contrast, the low moisture 
content in live mealworms (S1K1) indicates better storage 
potential with less risk of microbial growth due to reduced 
water activity. 

The ash content analysis also revealed notable 
differences among the treatments. The highest ash content 
was found in S2K2 (dried superworms) at 8.28%, while the 
lowest was observed in S1K1 (live mealworms) at 1.99%. Ash 
content serves as an indicator of the total mineral content in 
the sample, suggesting that dried superworms have a higher 
concentration of minerals compared to live mealworms. 

The CRD analysis yielded a significance value of 0.00 
(<0.05), confirming that the treatments had a significant 
effect on ash content. Further analysis using the LSD test 
showed no significant difference in ash content between 
S2K2 and S3K1, implying similar mineral concentrations in 
these treatments. Significant differences, however, were 
observed among the other treatments, reflecting the 
influence of species and processing conditions on mineral 
content. The high ash content in S2K2 (dried superworms) 
may indicate a higher concentration of essential minerals, 
which could contribute to their nutritional value. On the 
other hand, the low ash content in S1K1 (live mealworms) 
suggests a lower mineral concentration, likely due to the 
higher water content diluting the mineral content. 

 
 

Table 2. Results of Moisture and Ash Content Analysis 
 

Sample  Water (%) Ash (%) 
S1K1 12,60 ± 0,341a 1,99 ± 0,031a 
S1K2 13,41 ± 0,103ab 6,26 ± 0,150b 
S2K1 14,07 ± 0,661bc 6,74 ± 0,191c 
S2K2 16,23 ± 0,971d 8,28 ± 0,401d 
S3K1 21,84 ± 0,513e 7,92 ± 0,214de 
S3K2 46,06 ± 1,429f 5,43 ± 0,343f 

 
 
Table 3 presents the proximate analysis results, including 

protein, lipid (fat), carbohydrate content, vitamin E, and 
antioxidant activity for edible insect samples across six 
different treatments. The results indicate that the nutritional 
content varied significantly depending on the insect species 
and sample condition (fresh or dried). The statistical analysis 
using Completely Randomized Design (CRD) revealed a 
significance value of 0.00 (<0.05) for all parameters, 
confirming that the treatments significantly affected the 
nutritional composition of the samples. 

The highest protein content was observed in S2K1 (live 
superworms) at 37.94%, while the lowest protein content 
was found in S3K1 (live BSFL) at 16.07%. The protein content 
differed significantly across treatments, with the Least 
Significant Difference (LSD) test showing no significant 
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difference between S2K1 and S2K2, indicating that the 
drying process did not substantially affect the protein levels 
in superworms. In contrast, significant differences were 
observed between most other treatments, suggesting that 
both species type and sample condition influence protein 
content. 

Lipid content was highest in S3K2 (dried BSFL) at 25.30%, 
while the lowest was recorded in S1K1 (live mealworms) at 
14.56%. The significant difference in fat content across 
treatments indicates that BSFL samples generally contained 
higher lipid levels compared to mealworms and 
superworms. The drying process also appeared to increase 
fat concentration in BSFL and superworms, likely due to the 
reduction in moisture content, resulting in a relative increase 
in fat proportion. 

The carbohydrate content varied widely among 
treatments. The highest carbohydrate content was found in 
S1K2 (dried mealworms) at 42.26%, while the lowest was 
observed in S3K2 (dried BSFL) at 2.95%. The significant 
variation in carbohydrate content suggests that species type 
has a strong influence on this parameter. Mealworms, 
particularly in their dried form, showed the highest 
carbohydrate levels, making them a potential energy source 
for consumers. 

Vitamin E content was highest in S3K1 (live BSFL) at 
17.69 µg/mL, while the lowest content was recorded in S1K1 
(live mealworms) at 5.67 µg/mL. The results indicate that 
BSFL samples generally contain more vitamin E compared to 
other species, particularly when fresh. The LSD test showed 
significant differences across all treatments, emphasizing the 
variability in vitamin E concentration due to both species 
and processing conditions. 

The highest antioxidant activity was observed in S1K1 
(live mealworms) at 190.91 ppm, while the lowest was 
recorded in S3K1 (live BSFL) at 83.03 ppm. The significant 
differences in antioxidant activity across treatments suggest 
that live mealworms have higher antioxidant capacity 
compared to other treatments. The reduction in antioxidant 
activity in dried samples could be attributed to the effects of 
heat and prolonged processing, which may degrade 
antioxidant compounds. 

In summary, the proximate analysis highlights the 
nutritional diversity of edible insects, with each species and 
sample condition offering distinct nutritional advantages. 
Superworms and BSFL are high in protein and fat, while 
mealworms are an excellent source of carbohydrates and 
antioxidants. These results underscore the potential of edible 
insects as a sustainable food source with diverse nutritional 
profiles.` 

Table 4 presents the results of heavy metal analysis, 
focusing on tin (Sn), lead (Pb), and cadmium (Cd) 
concentrations in edible insect samples across six different 
treatments. The results show that the levels of these heavy 
metals varied significantly based on the insect species and 
sample condition (fresh or dried), as confirmed by the 
statistical analysis using the Randomized Complete Block 
Design (RAL) with a significance value of 0.00 (<0.05) for all 
parameters. 

The tin content was highest in S2K2 (dried superworms) 
at 0.06 ppm, while the lowest tin content was found in S1K1 
(live mealworms) and S3K1 (live BSFL) at 0.03 ppm. The 
significant variation in tin content suggests that the species 
type and drying process influence tin accumulation in the 
samples. Post-hoc BNT analysis showed no significant 
difference between S2K1 (live superworms) and S2K2 (dried 
superworms), indicating that drying did not significantly 
alter tin content in superworms. However, significant 
differences were observed among the other treatments. 
Despite these variations, all tin levels were well below the 
maximum allowable limits for human consumption, 
indicating that the samples are safe in terms of tin content. 

The highest lead content was recorded in S2K2 (dried 
superworms) at 0.02 ppm, while the lowest lead content was 
found in treatments S1K1 (live mealworms), S3K1 (live 
BSFL), and S3K2 (dried BSFL) at 0.01 ppm. The lead content 
varied significantly among treatments, with the BNT analysis 
showing no significant difference between S1K1 and S3K1 or 
S1K1 and S3K2, suggesting relatively consistent lead levels in 
those treatments. Despite the presence of lead in all samples, 
the concentrations were well within the safety standards for 
processed foods, ensuring that the samples pose no 
immediate risk to consumers. 

 
 

Table 3. Results of Proximate Analysis 
 
Sample  Protein (%) Lipid (%) Carbohydrate (%) Vitamin E  (µg/ml) Antioxidant (ppm) 

S1K1 36,21 ± 0,711a 14,56 ± 0,652a 34,52 ± 1, 627a 5,67 ± 0,173a 190,91 ± 41,09a 
S1K2 21,78 ± 0,310b 16,29 ± 0,740b 42,26 ± 0,900b 8,26 ± 0,529b 107,90 ± 1,172b 
S2K1 37,94 ± 0,462c 17,76 ± 0,290bc 23,49 ± 0,784c 7,22 ± 0,271c 125,17 ± 4,350b 
S2K2 37,92 ± 0,932cd 18,40 ± 0,866d 19,17 ± 2,513d 8,89 ± 0,199d 102,69 ± 7,374b 
S3K1 16,07 ± 0,401e 22,98 ± 0,396e 31,37 ± 0,328e 17,69 ± 0,040e 89,31 ± 0,596bc 
S3K2 20,26 ± 0,996f 25,30 ± 0,533f 2,95 ± 0,927f 11,32 ± 0,023f 83,03 ± 1,906bd 

 
 

Table 4. Results of Metal Analysis 
 

Sample  Tin (ppm) Lead (ppm) Cadmium (ppm) 
S1K1 0,03 ± 0,00a 0,01 ± 0,00a 0,00 ± 0,00a 
S1K2 0,04 ± 0,00b 0,01 ± 0,00b 0,00 ± 0,00b 
S2K1 0,05 ± 0,02c 0,02 ± 0,00c 0,01 ± 0,00c 
S2K2 0,06 ± 0,00cd 0,02 ± 0,00d 0,04 ± 0,05d 
S3K1 0,04 ± 0,00e 0,01 ± 0,00a 0,00 ± 0,00e 
S3K2 0,03 ± 0,01f 0,01 ± 0,00ae 0,00 ± 0,00bf 

 
 
The cadmium content was highest in S2K2 (dried 

superworms) at 0.05 ppm, whereas the other treatments 
showed cadmium levels ranging from 0.00 to 0.01 ppm. The 

RAL analysis indicated a significant effect of treatments on 
cadmium content, with BNT analysis revealing no significant 
difference between S1K2 (dried mealworms) and S3K2 
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(dried BSFL), but significant differences among the other 
treatments. The relatively low cadmium content in most 
treatments suggests minimal exposure to cadmium sources 
during cultivation and preparation. All cadmium 
concentrations were below the permissible limits for food 
safety, indicating that the samples are safe for consumption. 

The results demonstrate that heavy metal concentrations 
in edible insects vary depending on species and processing 
methods. Tin, lead, and cadmium levels across all treatments 
were below the established safety limits, confirming that the 
samples meet food safety standards. These findings highlight 
the importance of monitoring heavy metal content to ensure 
consumer safety and reinforce the potential of edible insects 
as a safe and sustainable protein source. 

Table 5 presents the results of microbial analysis, 
focusing on Escherichia coli (E. coli) and yeast counts in 
edible insect samples across six different treatments. The 
results indicate significant variations in microbial 
contamination based on species and sample condition (fresh 
or dried). The presence of E. coli and yeast serves as an 
important indicator of food safety and hygiene practices 
during sample preparation. 

The E. coli contamination levels varied significantly 
across treatments. The highest E. coli count was observed in 
S1K2 (dried mealworms) at 5.8 × 10² CFU/g, while the lowest 
was found in S3K2 (dried BSFL) at 1.0 × 10² CFU/g. Statistical 
analysis using the Randomized Complete Block Design (RAL) 
confirmed that treatment had a significant effect on E. coli 
contamination, with a significance value of 0.00 (<0.05). 

Post-hoc BNT analysis revealed no significant differences 
in E. coli contamination between S2K2 and S3K1 or between 
S3K1 and S3K2, indicating similar levels of contamination in 
those treatments. However, significant differences were 
found among the other treatments. The high E. coli count in 
S1K2 suggests potential issues related to sanitation during 
drying or handling processes, which may have contributed to 
bacterial growth. In contrast, the low E. coli levels in S3K2 
indicate that proper handling and processing reduced the 
risk of contamination. 

The yeast counts also showed variation across 
treatments, although the levels remained relatively low. The 
highest yeast count was observed in S1K1 (live mealworms) 
at 1.7 × 10¹ CFU/g, while samples S1K2 and S2K1 had yeast 
counts of 1 × 10¹ CFU/g. The other samples (S2K2, S3K1, 
S3K2) showed no detectable yeast contamination (negative 
results). According to regulatory standards, the yeast levels 
across all treatments were well below the allowable limits 
for processed foods, indicating that the samples were 
microbiologically safe in terms of yeast contamination. 
Proper sanitation during sample preparation likely 
contributed to the absence of yeast in most dried samples 
(S2K2, S3K1, S3K2). 

 
 

Table 5. Results of Microbial Analysis 
 

Sample E. Coli (CFU/g) Yeast (CFU/g) 
S1K1 1,8  x 103 1,7  x 101 
S1K2 5,8  x 102 1 x 101 
S2K1 4,4  x 102 1 x 101 
S2K2 2,6 x 102 Negatif 
S3K1 1,7 x 102 Negatif 
S3K2 1,0 x 102 Negatif 

 
 

The microbial analysis highlights that E. coli 
contamination poses a greater risk compared to yeast in 
edible insect samples. The high E. coli count in some 

treatments underscores the importance of stringent hygiene 
and handling practices during sample preparation, especially 
for dried samples. Despite these variations, most samples 
remained within acceptable limits, ensuring their 
microbiological safety for consumption. Enhanced quality 
control measures during the drying and storage processes 
could further minimize microbial risks, ensuring higher food 
safety standards for edible insect products. 
 
 
DISCUSSIONS 

 
Nutritional Composition of Edible Insects 

 
The findings from this study reveal that edible insects 

such as mealworms, superworms, and Black Soldier Fly 
Larvae (BSFL) offer diverse nutritional profiles, making them 
a promising source of alternative protein. Protein content in 
superworms was notably higher compared to other species, 
particularly in fresh samples (S2K1), suggesting that 
superworms could be prioritized as a protein-rich food 
source. The variation in protein content across treatments 
highlights the influence of both species and processing 
methods on nutritional composition. Given the global rise in 
protein demand, incorporating edible insects into dietary 
strategies could provide a sustainable and cost-effective 
solution (van Huis & Oonincx, 2017; Kim et al., 2019; Li et al., 
2023). 

Lipid content was found to be the highest in dried BSFL 
(S3K2), indicating that drying concentrates fat content by 
reducing moisture. This high lipid level makes BSFL a 
potential energy-dense food source. However, the processing 
methods, particularly heat treatment, may also lead to the 
degradation of unsaturated fats, which warrants further 
investigation (Gachihi et al., 2023; Sundari et al., 2015). The 
carbohydrate content was highest in dried mealworms 
(S1K2), suggesting that mealworms may serve as a suitable 
energy source, complementing their protein content 
(Tzompa-Sosa et al., 2014; Roncolini et al., 2019). 

The presence of vitamin E, particularly in BSFL, 
underscores its potential role as a functional food ingredient. 
Antioxidants, such as those found in mealworms, offer 
additional health benefits, including reducing oxidative 
stress and promoting overall health (Ros-Baró et al., 2022; 
Yuniastri et al., 2020). These findings align with global trends 
in functional foods, where the nutritional value of traditional 
protein sources is enhanced with bioactive compounds 
(Finke, 2015; Nowak et al., 2016). 
 
Food Safety Aspects 

 
The food safety analysis of edible insects is crucial to 

ensure consumer acceptance and trust. Moisture content, 
which influences microbial growth and shelf life, varied 
significantly across treatments. Dried BSFL (S3K2) retained 
higher moisture levels compared to other dried samples, 
suggesting that more stringent drying protocols may be 
necessary to improve shelf stability and reduce the risk of 
microbial contamination (Gachihi et al., 2023; Jantzen da 
Silva Lucas et al., 2021). Moisture reduction techniques like 
vacuum drying and freeze-drying have been suggested to 
enhance shelf life and reduce microbial risks in insect-based 
products (Caparros Megido et al., 2017). 

Heavy metal analysis revealed that tin, lead, and 
cadmium levels in all samples were well below the safety 
limits established by the Indonesian National Standard (SNI 
7387:2009) and BPOM Regulation No. 9 of 2022. Although 
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the detected levels pose no immediate health risks, 
continuous monitoring is essential to prevent potential 
contamination due to changes in cultivation practices and 
environmental conditions (Andrade Korn et al., 2008; 
Charlton et al., 2015). The relatively higher cadmium content 
in dried superworms (S2K2) may be attributed to their feed 
composition, emphasizing the need for feed standardization 
in insect farming (Noyens et al., 2023; Purschke et al., 2017). 
Feed plays a critical role in determining the nutritional 
composition and safety of edible insects, necessitating 
regulatory guidelines for insect farming and feed quality 
(Belluco et al., 2017). 

Microbial contamination, particularly with Escherichia 
coli, was observed in several treatments, especially in dried 
mealworms (S1K2). This finding suggests that hygiene 
practices during the drying process require improvement to 
prevent contamination. Implementing Hazard Analysis and 
Critical Control Points (HACCP) protocols in insect processing 
facilities could mitigate these risks and ensure product safety 
(Misnayati et al., 2022; Liang et al., 2024). Adequate 
sanitation measures, along with controlled drying 
temperatures and time, have been shown to significantly 
reduce microbial loads in insect-based foods (van der Fels-
Klerx et al., 2018). 
 
Relevance to Food Sustainability and Policy 

 
The integration of edible insects into food systems aligns 

with global efforts to promote sustainable food production. 
As the Indonesian government moves towards achieving 
food sovereignty under the 2045 National Long-Term 
Development Plan (RPJPN), edible insects offer a feasible 
solution to address the growing demand for protein while 
reducing environmental impact (Kementerian 
PPN/Bappenas, 2023). The low carbon footprint and minimal 
resource requirements of insect farming make it an 
attractive alternative to conventional livestock production 
(Dobermann et al., 2017; Oonincx & Finke, 2021; van Huis, 
2023). Compared to conventional protein sources such as 
beef or pork, edible insects require less feed, water, and 
space, while emitting significantly lower greenhouse gases 
(Halloran et al., 2022). 

Furthermore, promoting edible insects could have 
positive socio-economic impacts in rural areas, where small-
scale insect farming could provide additional income and 
improve food security. Rural communities in developing 
countries could particularly benefit from insect farming, as it 
requires minimal investment and can be integrated into 
existing agricultural practices (Guiné et al., 2024; Hlongwane 
et al., 2021). To support this transition, public awareness 
campaigns and consumer education programs are essential 
to overcome cultural barriers and misconceptions about 
insect consumption (van Huis & Rumpold, 2023; Bae & Choi, 
2021). Enhancing consumer knowledge about the nutritional 
and environmental benefits of edible insects is critical for 
fostering wider acceptance and mainstream adoption (Bae & 
Choi, 2021). 
 
Limitations and Future Research 

 
Despite the promising findings, this study has several 

limitations. First, the sample size and species selection were 
limited to three commonly cultivated species in Indonesia. 
Future research should explore a broader range of edible 
insect species to provide a more comprehensive assessment. 
Additionally, the impact of different feed compositions on 
the nutritional content and safety of edible insects warrants 

further investigation. Longitudinal studies on the health 
effects of regular insect consumption could also provide 
valuable insights for policymakers and the food industry. 
 
 
 
CONCLUSIONS  

 
Superworms demonstrated the highest protein content, 

particularly in fresh samples (37.94%), positioning them as a 
superior source of dietary protein. Dried BSFL had the 
highest fat content (25.30%), making them an energy-dense 
food option. Mealworms showed the highest carbohydrate 
content (42.26%) in dried form, while live BSFL had the 
highest vitamin E concentration (17.69 µg/mL). Antioxidant 
activity was particularly notable in live mealworms (190.91 
ppm), suggesting their potential as a functional food 
ingredient. 

Moisture and ash content varied significantly across 
species and processing treatments, affecting the shelf life and 
mineral content of the samples. Heavy metal analysis 
confirmed that levels of tin, lead, and cadmium in all 
samples were well below safety limits set by BPOM and SNI 
standards, ensuring consumer safety. However, the presence 
of Escherichia coli in some treatments highlights the need for 
improved hygiene practices during processing and storage. 

This study contributes to the growing body of research 
supporting the integration of edible insects into sustainable 
food systems. It provides valuable empirical evidence for 
policymakers and food industry stakeholders to develop 
regulations and standards for the safe processing and 
marketing of edible insects. Promoting edible insects can 
contribute to achieving the goals outlined in Indonesia’s 
2045 National Long-Term Development Plan (RPJPN), 
particularly in enhancing food sovereignty and reducing the 
environmental impact of conventional protein sources. 

To fully harness the potential of edible insects, it is 
essential to standardize insect farming practices, particularly 
feed composition and hygiene protocols, to minimize safety 
risks. Future research should focus on a broader range of 
insect species and explore the long-term health impacts of 
regular insect consumption. Public education campaigns and 
consumer engagement strategies are crucial to overcoming 
cultural barriers and increasing acceptance of edible insects 
as a mainstream food source. 
 
Acknowledgements  

 
This research was funded by the Directorate of Research, 

Technology, and Community Service (DRTPM) under the 
Main Contract Number 109/E5/PG.02.00.PL/2024 and 
Derivative Contract Numbers 038/S2PH/PT/LL7/2024 and 
015/LPPM/PP-04/E.01/UNIJA/VI/2024. We extend our 
gratitude for their support and commitment to advancing 
research and innovation. 
 
 
DECLARATION 
 
Ethics Approval and Consent to Participate 

Ethical approval and consent to participate were not 
applicable to this study because the research was conducted 
as a laboratory-based experimental study using edible insect 
samples and did not involve human participants, personal 
data, or vertebrate animals. All experimental procedures 
were conducted in accordance with applicable institutional 
laboratory and food safety procedures. 



 Majalah Kesehatan Indonesia, 6(1), 2025   Rizal Andi Syabana, Ratih Yuniastri, Helliyatul Matlubah, Nur Wise | 24 

 https://ukinstitute.org/journals/1/makein  P-ISSN 2745-6498, E-ISSN 2745-8008 

Consent for Publication 
Not applicable.  

 
Availability of Data and Materials 

The data generated and analyzed during this study are 
presented within the article. Additional data supporting the 
findings of this study may be made available by the 
corresponding author upon reasonable request, subject to 
applicable institutional and research data policies. 
 
Conflicts of Interest Statement 

The authors declare that they have no financial or non-
financial conflicts of interest that could have influenced the 
design, conduct, analysis, interpretation, or reporting of this 
study. 
 
Funding 

This research was funded by the Directorate of Research, 
Technology, and Community Service (DRTPM) under Main 
Contract No. 109/E5/PG.02.00.PL/2024, with Derivative 
Contract Nos. 038/S2PH/PT/LL7/2024 and 015/LPPM/PP-
04/E.01/UNIJA/VI/2024. The authors acknowledge the 
financial support provided for the implementation of this 
research. 
 
Artificial Intelligence-Assisted Technology 

The authors declare that any use of artificial intelligence-
assisted technology was limited to supporting language or 
editorial improvement and was not used to generate, alter, 
or fabricate research data, statistical analyses, results, or 
scientific conclusions. All authors take full responsibility for 
the accuracy, integrity, originality, and final content of the 
manuscript. 
 
Authors’ Contributions 

Rizal Andi Syabana (R.A.S.) contributed to the 
conceptualization and design of the study, research 
methodology, experimental coordination, data 
interpretation, and preparation of the manuscript. Ratih 
Yuniastri (R.Y.) contributed to the research methodology, 
laboratory analysis, data interpretation, and review and 
editing of the manuscript. Helliyatul Matlubah (H.M.) 
contributed to the experimental procedures, data collection 
and analysis, interpretation of the findings, and review of the 
manuscript. Nur Wise (N.W.) contributed to sample 
preparation, laboratory investigation, data collection, 
interpretation of the results, and manuscript review. All 
authors critically reviewed the manuscript, approved the 
final version for publication, and agreed to be accountable 
for all aspects of the work. 

 
 
 
REFERENCES 
 
Aguirre, J. (2023). The Kjeldahl method: 140 years. Springer. 

https://doi.org/10.1007/978-3-031-31458-2 
 
Alves, A. V., Sanjinez-Argandoña, E. J., Linzmeier, A. M., 

Cardoso, C. A. L., & Macedo, M. L. R. (2016). Food value of 
mealworm grown on Acrocomia aculeata pulp flour. 
PLOS ONE, 11(3), e0151275. 
https://doi.org/10.1371/journal.pone.0151275 

 
Badan Pengawas Obat dan Makanan Republik Indonesia. 

(2019). Peraturan Badan Pengawas Obat dan Makanan 
Nomor 13 Tahun 2019 tentang batas maksimal cemaran 

mikroba dalam pangan olahan. 
https://jdih.pom.go.id/view/slide/845/13/2019/07811dc6
c422334ce36a09ff5cd6fe71 

 
Badan Pengawas Obat dan Makanan Republik Indonesia. 

(2022). Peraturan Badan Pengawas Obat dan Makanan 
Nomor 9 Tahun 2022 tentang persyaratan cemaran 
logam berat dalam pangan olahan. 
https://jdih.pom.go.id/view/slide/1375/9/2022/ed12bc62
0412ba513af249856f509bc4 

 
Bae, Y., & Choi, J. (2021). Consumer acceptance of edible 

insect foods: An application of the extended theory of 
planned behavior. Nutrition Research and Practice, 15(1), 
122–135. https://doi.org/10.4162/nrp.2021.15.1.122 

 
Beal, T., Tumilowicz, A., Sutrisna, A., Izwardy, D., & Neufeld, L. 

M. (2018). A review of child stunting determinants in 
Indonesia. Maternal & Child Nutrition, 14(4), e12617. 
https://doi.org/10.1111/mcn.12617 

 
Belluco, S., Losasso, C., Maggioletti, M., Alonzi, C. C., Paoletti, 

M. G., & Ricci, A. (2017). Edible insects in a food safety 
and nutritional perspective: A critical review. 
Comprehensive Reviews in Food Science and Food Safety, 
16(3), 402–423. https://doi.org/10.1111/1541-
4337.12289 

 
Caparros Megido, R., Desmedt, S., Blecker, C., Béra, F., 

Haubruge, É., Alabi, T., & Francis, F. (2017). 
Microbiological load of edible insects found in Belgium. 
Insects, 8(1), Article 12. 
https://doi.org/10.3390/insects8010012 

 
Charlton, A. J., Dickinson, M., Wakefield, M. E., Fitches, E., 

Kenis, M., Han, R., Zhu, F., Kone, N., Grant, M., Devic, E., 
Bruggeman, G., Prior, R., & Smith, R. (2015). Exploring the 
chemical safety of fly larvae as a source of protein for 
animal feed. Journal of Insects as Food and Feed, 1(1), 7–
16. https://doi.org/10.3920/JIFF2014.0020 

 
Dobermann, D., Swift, J. A., & Field, L. M. (2017). 

Opportunities and hurdles of edible insects for food and 
feed. Nutrition Bulletin, 42(4), 293–308. 
https://doi.org/10.1111/nbu.12291 

 
Drewnowski, A., & Popkin, B. M. (1997). The nutrition 

transition: New trends in the global diet. Nutrition 
Reviews, 55(2), 31–43. https://doi.org/10.1111/j.1753-
4887.1997.tb01593.x 

 
Ekawati, R., Rahmawati, W. C., Paramita, F., Berliana, D. E., & 

Fariadi, A. P. (2022). Gambaran tingkat kecukupan energi 
dan tingkat kecukupan protein ibu hamil di Kota Malang. 
Preventia: The Indonesian Journal of Public Health, 7(2), 
1–7. https://doi.org/10.17977/um044v7i22022p1-7 

 
Fikawati, S., Syafiq, A., Ririyanti, R. K., & Gemily, S. C. (2021). 

Energy and protein intakes are associated with stunting 
among preschool children in Central Jakarta, Indonesia: A 
case-control study. Malaysian Journal of Nutrition, 27(1), 
81–91. https://doi.org/10.31246/MJN-2020-0074 

 
Finke, M. D. (2015). Complete nutrient content of four 

species of commercially available feeder insects fed 
enhanced diets during growth. Zoo Biology, 34(6), 554–
564. https://doi.org/10.1002/zoo.21246 

https://doi.org/10.1007/978-3-031-31458-2
https://doi.org/10.1371/journal.pone.0151275
https://jdih.pom.go.id/view/slide/845/13/2019/07811dc6c422334ce36a09ff5cd6fe71
https://jdih.pom.go.id/view/slide/845/13/2019/07811dc6c422334ce36a09ff5cd6fe71
https://jdih.pom.go.id/view/slide/1375/9/2022/ed12bc620412ba513af249856f509bc4
https://jdih.pom.go.id/view/slide/1375/9/2022/ed12bc620412ba513af249856f509bc4
https://doi.org/10.4162/nrp.2021.15.1.122
https://doi.org/10.1111/mcn.12617
https://doi.org/10.1111/1541-4337.12289
https://doi.org/10.1111/1541-4337.12289
https://doi.org/10.3390/insects8010012
https://doi.org/10.3920/JIFF2014.0020
https://doi.org/10.1111/nbu.12291
https://doi.org/10.1111/j.1753-4887.1997.tb01593.x
https://doi.org/10.1111/j.1753-4887.1997.tb01593.x
https://doi.org/10.17977/um044v7i22022p1-7
https://doi.org/10.31246/MJN-2020-0074
https://doi.org/10.1002/zoo.21246


 Majalah Kesehatan Indonesia, 6(1), 2025                 Rizal Andi Syabana, Ratih Yuniastri, Helliyatul Matlubah, Nur Wise | 25 

 Nutritional Status and Safety Assessment on Edible Insect Reared in Indonesia 

 
Gachihi, A., Tanga, C., Nyambaka, H., & Kimiywe, J. (2023). 

Effect of processing methods on nutrient and anti-
nutrient composition of grasshopper and termites. CyTA - 
Journal of Food, 21(1), 745–750. 
https://doi.org/10.1080/19476337.2023.2281984 

 
Guiné, R. P. F., Florença, S. G., Costa, C. A., Correia, P. M. R., 

Cruz-Lopes, L., Esteves, B., Ferreira, M., Fragata, A., 
Cardoso, A. P., Campos, S., Anjos, O., Boustani, N. M., 
Bartkiene, E., Chuck-Hernández, C., Djekic, I., Tarcea, M., 
Sarić, M. M., Kruma, Z., Korzeniowska, M., … Arpa, F. O. 
(2024). Edible insects: Consumption, perceptions, culture 
and tradition among adult citizens from 14 countries. 
Foods, 13(21), Article 3408. 
https://doi.org/10.3390/foods13213408 

 
Halloran, A., Muenke, C., Vantomme, P., & van Huis, A. (2014). 

Insects in the human food chain: Global status and 
opportunities. Food Chain, 4(2), 103–118. 
https://doi.org/10.3362/2046-1887.2014.011 

 
Hanif, I., Apriantini, A., & Endrawati, Y. C. (2023). Review: 

Nutritional contents and bioactive compounds of 
mealworm (Tenebrio molitor) as edible insect. Jurnal 
Ilmu Produksi dan Teknologi Hasil Peternakan, 11(3), 
153–162. https://doi.org/10.29244/jipthp.11.3.153-162 

 
Hlongwane, Z. T., Slotow, R., & Munyai, T. C. (2021). The role 

of edible insects in rural livelihoods, and identified 
challenges in Vhembe District, Limpopo, South Africa. 
Resources, 10(12), Article 123. 
https://doi.org/10.3390/resources10120123 

 
Ibrahim, N. I. F., Khomsan, A., & Riyadi, H. (2023). Stunting is 

influenced by toddler and maternal characteristics, 
history of infectious disease, IYCF practices, and protein 
intake: Case control study in Nabire coastal areas, 
Indonesia. International Journal of Community Medicine 
and Public Health, 10(9), 3039–3046. 
https://doi.org/10.18203/2394-6040.ijcmph20232658 

 
Jantzen da Silva Lucas, A., Quadro Oreste, E., Leão Gouveia 

Costa, H., Martín López, H., Dias Medeiros Saad, C., & 
Prentice, C. (2021). Extraction, physicochemical 
characterization, and morphological properties of chitin 
and chitosan from cuticles of edible insects. Food 
Chemistry, 343, Article 128550. 
https://doi.org/10.1016/j.foodchem.2020.128550 

 
Kementerian Perencanaan Pembangunan Nasional/Badan 

Perencanaan Pembangunan Nasional. (2023). Rancangan 
akhir Rencana Pembangunan Jangka Panjang Nasional 
2025–2045. https://indonesia2045.go.id/aspirasi 

 
Kim, T.-K., Yong, H. I., Kim, Y.-B., Kim, H.-W., & Choi, Y.-S. 

(2019). Edible insects as a protein source: A review of 
public perception, processing technology, and research 
trends. Food Science of Animal Resources, 39(4), 521–
540. https://doi.org/10.5851/kosfa.2019.e53 

 
Latimer, G. W., Jr. (Ed.). (2023). Official methods of analysis of 

AOAC INTERNATIONAL (22nd ed.). Oxford University 
Press. https://doi.org/10.1093/9780197610145.001.0001 

 
Li, M., Mao, C., Li, X., Jiang, L., Zhang, W., Li, M., Liu, H., Fang, 

Y., Liu, S., Yang, G., & Hou, X. (2023). Edible insects: A new 

sustainable nutritional resource worth promoting. Foods, 
12(22), Article 4073. 
https://doi.org/10.3390/foods12224073 

 
Liang, Z., Zhu, Y., Leonard, W., & Fang, Z. (2024). Recent 

advances in edible insect processing technologies. Food 
Research International, 182, Article 114137. 
https://doi.org/10.1016/j.foodres.2024.114137 

 
Misnayati, Tunnisa, F., Purwandhani, S. N., & Sudjatini. 

(2022). Identifikasi cemaran mikrobia (Coliform, E. coli, 
Salmonella) pada burger siap santap yang ada di 
Yogyakarta. Agrotech: Jurnal Ilmiah Teknologi Pertanian, 
4(2), 10–19. https://doi.org/10.37631/agrotech.v4i2.1098 

 
Nowak, V., Persijn, D., Rittenschober, D., & Charrondiere, U. R. 

(2016). Review of food composition data for edible 
insects. Food Chemistry, 193, 39–46. 
https://doi.org/10.1016/j.foodchem.2014.10.114 

 
Noyens, I., Schoeters, F., Van Peer, M., Berrens, S., Goossens, 

S., & Van Miert, S. (2023). The nutritional profile, mineral 
content and heavy metal uptake of yellow mealworm 
reared with supplementation of agricultural sidestreams. 
Scientific Reports, 13(1), Article 11604. 
https://doi.org/10.1038/s41598-023-38747-w 

 
NSW Food Authority. (n.d.). Edible insects. 

https://www.foodauthority.nsw.gov.au/consumer/special
-care-foods/edible-insects 

 
Oonincx, D. G. A. B., & Finke, M. D. (2021). Nutritional value 

of insects and ways to manipulate their composition. 
Journal of Insects as Food and Feed, 7(5), 639–659. 
https://doi.org/10.3920/JIFF2020.0050 

 
Purschke, B., Scheibelberger, R., Axmann, S., Adler, A., & Jäger, 

H. (2017). Impact of substrate contamination with 
mycotoxins, heavy metals and pesticides on the growth 
performance and composition of black soldier fly larvae 
(Hermetia illucens) for use in the feed and food value 
chain. Food Additives & Contaminants: Part A, 34(8), 
1410–1420. 
https://doi.org/10.1080/19440049.2017.1299946 

 
Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F. S., 

III, Lambin, E. F., Lenton, T. M., Scheffer, M., Folke, C., 
Schellnhuber, H. J., Nykvist, B., de Wit, C. A., Hughes, T., 
van der Leeuw, S., Rodhe, H., Sörlin, S., Snyder, P. K., 
Costanza, R., Svedin, U., … Foley, J. A. (2009). A safe 
operating space for humanity. Nature, 461(7263), 472–
475. https://doi.org/10.1038/461472a 

 
Roncolini, A., Milanović, V., Cardinali, F., Osimani, A., 

Garofalo, C., Sabbatini, R., Clementi, F., Pasquini, M., 
Mozzon, M., Foligni, R., Raffaelli, N., Zamporlini, F., 
Minazzato, G., Trombetta, M. F., Van Buitenen, A., Van 
Campenhout, L., & Aquilanti, L. (2019). Protein 
fortification with mealworm (Tenebrio molitor L.) 
powder: Effect on textural, microbiological, nutritional 
and sensory features of bread. PLOS ONE, 14(2), 
e0211747. https://doi.org/10.1371/journal.pone.0211747 

 
Ros-Baró, M., Casas-Agustench, P., Díaz-Rizzolo, D. A., Batlle-

Bayer, L., Adrià-Acosta, F., Aguilar-Martínez, A., Medina, F. 
X., Pujolà, M., & Bach-Faig, A. (2022). Edible insect 
consumption for human and planetary health: A 

https://doi.org/10.1080/19476337.2023.2281984
https://doi.org/10.3390/foods13213408
https://doi.org/10.3362/2046-1887.2014.011
https://doi.org/10.29244/jipthp.11.3.153-162
https://doi.org/10.3390/resources10120123
https://doi.org/10.18203/2394-6040.ijcmph20232658
https://doi.org/10.1016/j.foodchem.2020.128550
https://indonesia2045.go.id/aspirasi
https://doi.org/10.5851/kosfa.2019.e53
https://doi.org/10.1093/9780197610145.001.0001
https://doi.org/10.3390/foods12224073
https://doi.org/10.1016/j.foodres.2024.114137
https://doi.org/10.37631/agrotech.v4i2.1098
https://doi.org/10.1016/j.foodchem.2014.10.114
https://doi.org/10.1038/s41598-023-38747-w
https://www.foodauthority.nsw.gov.au/consumer/special-care-foods/edible-insects
https://www.foodauthority.nsw.gov.au/consumer/special-care-foods/edible-insects
https://doi.org/10.3920/JIFF2020.0050
https://doi.org/10.1080/19440049.2017.1299946
https://doi.org/10.1038/461472a
https://doi.org/10.1371/journal.pone.0211747


 Majalah Kesehatan Indonesia, 6(1), 2025   Rizal Andi Syabana, Ratih Yuniastri, Helliyatul Matlubah, Nur Wise | 26 

 https://ukinstitute.org/journals/1/makein  P-ISSN 2745-6498, E-ISSN 2745-8008 

systematic review. International Journal of 
Environmental Research and Public Health, 19(18), 
Article 11653. https://doi.org/10.3390/ijerph191811653 

 
Russell, J. S., Khorozova, Y., Mehta, A., & Serventi, L. (2023). 

Protein. In L. Serventi (Ed.), Sustainable food innovation 
(pp. 45–58). Springer International Publishing. 
https://doi.org/10.1007/978-3-031-12358-0_4 

 
Sundari, D., Almasyhuri, & Lamid, A. (2015). Pengaruh proses 

pemasakan terhadap komposisi zat gizi bahan pangan 
sumber protein. Media Penelitian dan Pengembangan 
Kesehatan, 25(4), 235–242. 
https://doi.org/10.22435/mpk.v25i4.4590.235-242 

 
Tzompa-Sosa, D. A., Yi, L., van Valenberg, H. J. F., van Boekel, 

M. A. J. S., & Lakemond, C. M. M. (2014). Insect lipid 
profile: Aqueous versus organic solvent-based extraction 
methods. Food Research International, 62, 1087–1094. 
https://doi.org/10.1016/j.foodres.2014.05.052 

 
United Nations Children’s Fund, World Health Organization, 

& World Bank Group. (2021). Levels and trends in child 
malnutrition: UNICEF/WHO/World Bank Group joint 
child malnutrition estimates: Key findings of the 2021 
edition. World Health Organization. 
https://www.who.int/publications/i/item/978924002525
7 

 
van der Fels-Klerx, H. J., Camenzuli, L., van der Lee, M. K., & 

Oonincx, D. G. A. B. (2018). Safety aspects of insects for 
feed and food production. NJAS - Wageningen Journal of 
Life Sciences, 85, 15–21. 
https://doi.org/10.1016/j.njas.2017.12.001 

 
van Huis, A. (2023). Prospects for insects as human food. 

Journal of Consumer Protection and Food Safety, 18(2), 
105–106. https://doi.org/10.1007/s00003-023-01438-9 

 
van Huis, A., & Oonincx, D. G. A. B. (2017). The environmental 

sustainability of insects as food and feed. A review. 
Agronomy for Sustainable Development, 37(5), Article 
43. https://doi.org/10.1007/s13593-017-0452-8 

 
van Huis, A., & Rumpold, B. (2023). Strategies to convince 

consumers to eat insects? A review. Food Quality and 
Preference, 110, Article 104927. 
https://doi.org/10.1016/j.foodqual.2023.104927 

 
van Huis, A., Van Itterbeeck, J., Klunder, H., Mertens, E., 

Halloran, A., Muir, G., & Vantomme, P. (2013). Edible 
insects: Future prospects for food and feed security (FAO 
Forestry Paper No. 171). Food and Agriculture 
Organization of the United Nations. 
https://www.fao.org/4/i3253e/i3253e.pdf 

 
Yuniastri, R., Hanafi, I., & Sumitro, E. A. (2020). Potensi 

antioksidan pada krokot (Portulaca oleracea) sebagai 
pangan fungsional. Jurnal Keteknikan Pertanian Tropis 
dan Biosistem, 8(3), 284–290. 
https://doi.org/10.21776/ub.jkptb.2020.008.03.10 

 
 
 
 
 
 

ADDITIONAL INFORMATION 
 
Correspondence All inquiries and requests for additional 

materials should be directed to the Corresponding 
Author. 

Publisher’s Note Utan Kayu Publishing maintains a neutral 
stance regarding territorial claims depicted in published 
maps and does not endorse or reject the institutional 
affiliations stated by the authors. 

Open Access This article is licensed under a Creative 
Commons Attribution-ShareAlike 4.0 International 
License (CC BY-SA 4.0), which permits others to share, 
adapt, and redistribute the material in any medium or 
format, even for commercial purposes, provided 
appropriate credit is given to the original author(s) and 
the source, a link to the license is provided, and any 
changes made are indicated. If you remix, transform, or 
build upon the material, you must distribute your 
contributions under the same license as the original. To 
view a copy of this license, visit 
https://creativecommons.org/licenses/by-sa/4.0/. 

 
© The Author(s) 2025 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.3390/ijerph191811653
https://doi.org/10.1007/978-3-031-12358-0_4
https://doi.org/10.22435/mpk.v25i4.4590.235-242
https://doi.org/10.1016/j.foodres.2014.05.052
https://www.who.int/publications/i/item/9789240025257
https://www.who.int/publications/i/item/9789240025257
https://doi.org/10.1016/j.njas.2017.12.001
https://doi.org/10.1007/s00003-023-01438-9
https://doi.org/10.1007/s13593-017-0452-8
https://doi.org/10.1016/j.foodqual.2023.104927
https://www.fao.org/4/i3253e/i3253e.pdf
https://doi.org/10.21776/ub.jkptb.2020.008.03.10
https://creativecommons.org/licenses/by-sa/4.0/


 Majalah Kesehatan Indonesia, 6(1), 2025                 Rizal Andi Syabana, Ratih Yuniastri, Helliyatul Matlubah, Nur Wise | 27 

 Nutritional Status and Safety Assessment on Edible Insect Reared in Indonesia 

 

This page has been intentionally left blank 


