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 Maggot or Black Soldier Fly (BSF) larvae can be used as a source 
of oil because they have a high lipid content. This study optimized 
the maggot oil extraction process using the soxhlet method with 
the assistance of the response surface methodology (RSM) using 
the Central Composite Design (CCD) research design. 
Optimization was done with variations in the ratio sample/solvent 
(1:7, 1:10 and 1:13 g/mL) and extraction time (120, 240 and 360 
minutes). The results of the significance test using ANOVA 
showed that the sample solvent comparison had an insignificant 
effect (p-value: 0.060). In contrast, the extraction time has a 
significant impact (p-value: 0.000) on the maggot oil harvest yield. 
Different analyses showed a significant quadratic interaction 
between the sample/solvent ratio (p-value: 0.002) and a significant 
interaction between the sample/ solvent ratio and extraction time 
(p-value: 0.008). The recommended optimal conditions based on 
optimization using RSM are a combination of a sample/solvent 
ratio of 1:8.5 and an extraction time of 360 minutes with a 
predicted oil yield of 32.11%. Meanwhile, experimental validation 
at the recommended optimal conditions produced a yield of 
38.68% or greater than the predicted value. The characteristics of 
the maggot oil obtained had a density of 0.9493 g/mL, a viscosity 
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of 0.92 Pa.s, water content of 0.0847% w/w, and free fatty acids of 
4.56%. The results of GC-MS analysis of maggot oil showed a 
total of 9 compounds, with the 3 most abundant compounds being 
oleic acid (52.6%), palmitic acid (24.78%), and lauric acid 
(12.45%). 

1. INTRODUCTION 
BSF (Black Soldier Fly) larvae, mainly called maggots, originate from BSF fly eggs in the 

second phase of metamorphosis after the egg phase and previously the pupa phase, which then turns 
into adult flies [1]. Maggots utilize organic waste as nutrients in their growth. Maggot cultivation 
does not require high costs because growth nutrients are abundant in Indonesia. Based on the National 
Waste Management Information Data System, in 2024, the amount of waste in Indonesia was 18.35 
million tons, and only 41.32% was managed. Based on data from the Ministry of Environment and 
Forestry in 2023, waste in Indonesia was dominated by organic waste (41.6% food waste), so maggot 
cultivation can help reduce the amount of waste in Indonesia. Meanwhile, in terms of the nutritional 
content of the maggot's body itself, in addition to containing protein, carbohydrates, ash, and fiber, 
maggots also have a high fat content, which is 21-25% [2] even up to 57.8% [3] depending on the 
oil extraction method, nutrition, and growth conditions. Given the high-fat content in maggots, in 
addition to reducing the volume of organic waste, BSF maggots can also be used as a source of oil. 

Several studies have stated that maggot oil contains main compounds in the form of lauric acid 
(28.8−76.13%) and linoleic acid (~11.1%), as well as other compounds such as oleic acid, palmitic 
acid, myristic acid, and stearic acid [4]. However, the fatty acid profile in maggot oil can be modified 
based on differences in the bottom layer of maggot feed during growth [5]. The main compounds in 
maggot oil, both lauric acid and linoleic acid, can be utilized in various pharmaceutical products, 
food and beverages, cosmetics, body care, soap and detergents, plastics, and textiles [3, 6]. 

Maggot oil can be obtained through an extraction process using several methods and solvents. 
Commonly used solvents are hexane and petroleum ether. At the same time, the standard techniques 
used are Microwave Assisted Extraction (MAE) and soxhletation. Maggot oil extraction with 
petroleum ether solvent produces lower yields than hexane [7]. Meanwhile, maggot oil extraction 
using the microwave-assisted extraction (MAE) method with n-hexane solvent produces a yield of 
30.22% [3], lower than using the soxhletation method with the same solvent with a yield of 40.34% 
[7]. The soxhletation method for maggot oil extraction is more effective because the solvent can be 
used repeatedly. Extraction of maggot oil using 70% n-hexane solvent using the MAE method 
produced yields of 30.27−30.38% (1:4 g/mL), 19.18−20.91% (1:6 g/mL), and 17.00−17.35% (1:8 
g/mL) [8]. Meanwhile, extracting maggot oil using 1:10 n-hexane solvent using the soxhlet method 
produced a yield of 32.51±0.39% [9]. The extraction time and sample/solvent ratio determine the 
maggot oil yield produced. The longer the extraction time, the more oil is produced, and a proper 
ratio ensures sufficient solvent to dissolve all available oil in the sample [8]. A too-low ratio can lead 
to incomplete extraction, while a too-high ratio may be uneconomical and generate excessive solvent 
waste. Although Soxhlet extraction of maggot oil has been studied, the application of Response 
Surface Methodology (RSM) to optimize the combined influence of maggot flour to solvent ratio 
and extraction time on extraction efficiency is novel. This research utilizes RSM to systematically 
investigate these key variables and identify optimal conditions for maximizing oil yield.  

2. EXPERIMENTAL METHODS  
2.1 Material 

Maggots originating from Jaya Larva East Lampung were fed food waste feed until they were 
7−14 days old (water content 4−7%). They were then dried unblemished using a frying pan until dry 
and mashed into a fine powder, and technical n-hexane was used as the extraction solvent. 

2.2 Method 
2.2.1 Maggot oil soxhlet extraction 
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Maggot Flour Wrap using gauze paper with sample/solvent ratio of 1:7, 1:10 and 1:13 (g/mL) 
with n-hexane volumes of 420, 600, and 780 mL. Meanwhile, the time variations were 120, 240 and 
360 minutes at 70 °C. The distillate oil obtained from the soxhlet extraction was concentrated using 
a rotary evaporator at 70–80 °C. This temperature range is chosen because it is above the boiling 
point of hexane (69°C), allowing the hexane to evaporate and separate from the maggot oil 
efficiently. The maggot oil obtained was centrifuged (3000 rpm) for 5 minutes at room temperature 
to increase its clarity. 

 
Figure 1. Sample preparation and maggot oil extraction process using the soxhlet method. 

2.2.2 Extraction Process Optimization  
Optimization uses a statistical method called Response Surface Methodology (RSM) and, 

more specifically, Central Composite Design (CCD). This optimization describes a way to see the 
factors that affect the yield of maggot oil for extraction. The RSM method requires the creation of 
an empirical model to optimize process parameters and analyze factor interactions using 
experimental quantitative data. The CCD design includes factorial and axial paths centred around a 
central point to assess experimental error [11]. This study tested 2 variables: ratio (w/v) (maggot 
flour/hexane) and extraction time. Composite design was used in this study to test and improve 
maggot oil extraction. 

2.4 Maggot oil’s characteristics analysis 
Extracted maggot oil is tested for its physical characteristics, including density and viscosity, 

and chemical characteristics, including free fat content and water content. A GC-MS test is also used 
to determine the compounds contained. 

3. RESULTS AND DISCUSSIONS  
3.1 Maggot oil extraction results 

The yield of maggot oil produced based on variations in the ratio (w/v) and extraction time 
ranged from 19.21% to 32.11% (Table 1). The highest yield was produced from variations in the 
ratio (w/v) of 1:10 g/mL and an extraction time of 360 minutes with a yield of 32.11%. Meanwhile, 
the lowest yield was produced from variations in the sample/solvent ratio of 1:7 g/mL and an 
extraction time of 120 minutes with a yield of 19.21%. The longer the extraction time, the higher the 
yield because the longer the contact between hexane and the sample [12]. Meanwhile, increasing the 
volume of solvent will also increase the ability of hexane to dissolve components in maggot flour so 
that more maggot oil is extracted. However, even though a greater volume of solvent used initially 
can increase the extraction efficiency, excessive solvent volume will also make the sample solubility 
saturated and reduce the yield produced. This happens because the solvent has a limited capacity to 
dissolve a substance. If there is too much solvent, the substance to be extracted becomes too dilute 
and challenging to separate. In addition, the contact time between the solvent and the extracted 
material becomes shorter, so the dissolution process is imperfect. Other factors, such as extraction 
time, significantly affect the results [13, 14]. Therefore, it is essential to determine the optimal 
extraction conditions to obtain maximum results. 
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TABLE I. Experimental design for BSF maggot oil extraction using soxhletation with 
Central Composite Design (CCD). 

Run Order Ratio (w/v) 
(g/mL)  

Time 
(minute) 

Yield 
(%) 

1 1:07 120 19.21 
2 1:10 120 21.09 
3 1:13 120 25.49 
4 1:07 240 25.5 
5 1:10 240 25.65 
6 1:10 240 25.5 
7 1:10 240 25.3 
8 1:10 240 26.41 
9 1:10 240 25.65 
10 1:13 240 24.44 
11 1:07 360 30.73 
12 1:10 360 32.11 
13 1:13 360 28.38 

 

3.2 Statistical Analysis 
TABLE II. Results of the Analysis of Variance (ANOVA) test. 

Source DF Adj SS MS 
Adjectives F-Value P-Value 

Model 5 172,216 34,443 115.25 0.000 
Linear 2 161,667  80,833 270.48 0.000 
Ratio (sample:solvent) 1 1,500 1,500 5.02 0.060 
Time 1 160,167  160,167 535.94 0.000 
Rectangle 2 6,549  3,275  10.96 0.007 
Ratio (sample:solvent)* 
(sample:solvent) 1 6,503  6,503 21.76 0.002 

Time*Time 1 0.599 0.599 2.00 0.200 
2 Way Interaction 1 4,000 4,000 13.38 0.008 
Ratio (sample:solvent)*time 1 4,000 4,000 13.38 0.008 
Error 7 2,092 0.299   

Lack of Conformity 3 0.892 0.297 0.99 0.482 
Pure Mistake 4 1,200 0.3000     
Total 12 174,308       
R-sq = 98.88%        R-sq (adj) = 97.94% 

 
Table 2 shows the results of the ANOVA analysis of maggot oil extraction. The coefficient of 

determination (R-sq) evaluates the developed model. If the R-sq value approaches 100%, the 
standard deviation (SD) becomes smaller, and the model better predicts the response [15]. It shows 
that the quadratic model has a relatively high R-sq value of 0.9888. This means that 98.88% of the 
experimental data is relevant, and the model cannot explain only 1.12% of the total variation. 
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Meanwhile, the sample/solvent ratio did not significantly affect the maggot oil harvest (p-
value: 0.060). This means that it cannot be said that changes in the sample solvent ratio will always 
result in a significant difference in the maggot oil harvest (p-value <0.05) [15]. On the other hand, 
extraction time significantly affected the maggot oil harvest (p-value: 0.000), so the longer the 
extraction time, the more maggot oil can be obtained. Meanwhile, a different analysis showed a 
significant quadratic interaction between the sample/solvent ratio (p-value: 0.002). This indicates 
that the effect of changes in the sample solvent ratio on the maggot oil harvest is not linear. In other 
words, the impact of changes in this ratio is not constant but varies depending on the value of the 
ratio itself. On the other hand, there is a significant interaction between the sample solvent ratio and 
extraction time (p-value: 0.008). This shows that the effect of extraction time on maggot oil harvest 
yields varies depending on the sample/solvent ratio used. 

3.3. RSM graph analysis 
Figure 2 (a) is a contour plot showing the relationship between yield, sample/solvent ratio 

treatment and extraction time. The area in the darkest green shows a yield of >30%, while the area 
in the darkest blue shows a yield of >30%. Figure 2 (b) is a surface plot showing that changes in the 
sample/solvent ratio and extraction time affect the yield. In the graph, the peak area of the surface 
plot is depicted at a ratio (w/v) of 1:10 and an extraction time of 360 minutes with a yield of 32.11%. 
In general, surface plots help determine the optimal point in the sample variation:solvent ratio and 
extraction time to produce optimal yield. Figure 4 shows an optimal ratio (w/v) and extraction time 
to achieve maximum maggot oil yield. 

 

  Figure 2. Contour plot (A) and surface plot (B) of extraction condition and yield. 

However, the relationship between these variables is quite complex and non-linear. It is shown 
that the increase in one of the variations is not always directly proportional to the rise in visualization 
results. This is consistent with the previous ANOVA analysis (Table 2), which shows an interaction 
between the sample solvent comparison and extraction time. 

3.4 Experimental validation of maggot oil extraction process optimization 
The maggot oil extraction process was optimized using Central Composite Design (CCD), 

which purchased harvest results from 13 experimental combinations. Table 3 shows the optimization 
of maggot oil extraction using the Response Surface Methodology, with ratio (w/v) and extraction 
time as variables. 

TABLE III. Prediction of optimal solution for maggot oil extraction process. 

Solution Ratio  
(w/v) 

Time 
(minute) 

Produce 
(%) 

Composite 
Attraction 

1 1:8.5 360 31.72 0.97868 
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The recommended conditions (Table 3) to obtain optimal maggot oil yields are variations in 

the ratio (w/v) of 1:1.8 and an extraction time of 360 minutes, with a predicted yield of 31.72%. The 
given treatment conditions are considered a perfect solution based on the optimization model used 
(composite desirability: 0.97868). After the optimization prediction of the maggot oil extraction 
process using Response Surface Methodology (RSM), experimental validation was carried out to 
verify the resulting yield. Table 4 shows the actual yield results of the extraction process based on 
the optimal conditions suggested by RSM. 

TABLE IV. Experimental validation of optimal conditions of response surface methodology 
prediction. 

 
The experimental validation results of the optimal conditions suggested by RSM (Table 4) 

produced a harvest of 38.68%, higher than the predicted result of 31.72%. This means that the 
predicted value deviated by about 18.16% from the actual value based on the calculation of the 
relative difference. The magnitude of the difference is likely due to the influence of environmental 
factors during the extraction process or clouds in the model. However, the results show that the RSM 
model can provide a reasonably good estimate of the maggot oil harvest under the specified 
experimental conditions and can be the basis for process optimization in further research. 

3.5 GC-MS analysis of maggot oil 
The analysis of maggot oil using GC-MS (Figure 3) showed that were 9 compounds contained 

in maggot oil at a retention time of 10.57 to 25.32 minutes. The 9 fatty acid compounds contained in 
maggot oil (Table 5) consist of 7 saturated fatty acid (SFA) compounds in the form of lauric acid, 
myristic acid, palmitic acid, tetracosahexane acid, tetramethyl heptadecane acid, octadecanoic acid, 
and isostearic acid. It also consists of 2 unsaturated fatty acid (MUFA) compounds: oleic acid and 
palmitoleic acid. The 3 main compounds in the maggot oil produced are oleic acid 
(CH3(CH2)7CH=CH(CH2)7COOH) (52.6%), palmitic acid (CH3(CH2)14COOH) (24.78%), and lauric 
acid (CH3(CH2)10COOH) (12.45%).  

The composition of maggot oil is influenced by the type of waste used as the bottom layer of 
feed. The feed substrates from waste rapeseed cake and maggot oil shrimp contain the highest oleic 
acid (46.8 and 26.9%), compared to lauric acid (10 and 16.9%), palmitic acid (5.8 and 10.4%), and 
myristic acid (2 and 4.3%) [16]. Horse and fish (rainbow trout) feed substrates produce oleic and 
lauric acids that are not too different. The bottom layer of feed in the form of horse manure produces 
maggot oil composition of oleic acid (22.9%), lauric acid (28.1%), palmitic acid (22%), and myristic 
acid (6.7%) [17]. Fish feed substrate (rainbow trout) produces maggot oil composition of oleic acid 
(25.1%), lauric acid (28.6%), palmitic acid (12.6%), and myristic acid (6.1%) [18]. Meanwhile, the 
bottom layer of food, fed as fruits and vegetables, produces lauric acid as its primary fatty acid. The 
feed substrate in the form of fruits produces maggot oil with a composition of lauric acid (76.13%), 
myristic acid (8.46%), palmitic acid (6.98%), and oleic acid (4.97%) [19] and vegetable feed 
substrate produces maggot oil with a content of lauric acid (61%), myristic acid and palmitic acid 
are the same (9.5%), and oleic acid (5.7%) [20]. Other studies have added that maggot oil derived 
from maggots with a feed medium in the form of fruit waste contains lauric acid as the most abundant 
compound (34.28%), palmitic acid (19.25%), myristic acid (8.58%), and oleic acid (1.84%) [21]. 

Tasting Ratio  
(w/v) 

Time 
(minute) 

Produce 
(%) 

Maggot Oil 0.1:8.5 360 38.68 
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Figure 3. GC-MS chromatogram of maggot oil. 

TABLE V. Maggot oil content by GC-MS analysis. 

 
3.6 Characteristics of extracted maggot oil 

Based on the results of the characteristic test (Table 6), maggot oil has a density of 0.9493 
g/mL. The density of maggot oil varies due to several factors, such as the selection of extraction 
methods, maggot growth media, oil processing, temperature, and fatty acid profiles. Some research 
reported that maggot oil has a variable density, among others 0.913 g/mL [22], 0.913 (crude oil), 
0.908 g/mL (after refining) [6], and 0.883 g/mL [23]. The oil sample's fatty acid profile also shows 
the oil's density. The saturation level of maggot oil containing high saturated fatty acids generally 
has a high density. In other words, the more saturated fatty acids in the oil, the higher the density of 
the oil [23]. 

Meanwhile, the viscosity of the extracted maggot oil is 0.92 Pa.s. Similar to the density value, 
the viscosity value of maggot oil also varies. Viscosity can increase with increasing carbon atoms 
and decrease with unsaturated bonds [24], so maggot oil has a higher unsaturated fatty acid content 
and viscosity. The extracted maggot oil has a water content of 0.0847% and a free fatty acids (FFAs) 
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content of 4.56%, which was determined based on the molecular weight of oleic acid as the most 
significant component in the extracted maggot oil. 
 

TABLE VI. Maggot oil’s characteristic. 

Parameter Results 

Density 0.94934 g/mL 
Viscosity 0.92 Pa.s 
Water content 0.0847 % b/b 
Free fatty acids 4.56 % 

 

 

Figure 4. Extracted 
maggot oil. 

 Although the water content of maggot oil has met the SNI 3741-2013 cooking oil standard 
(max. 0.15% w/w), maggot oil is not suitable for use as cooking oil or food ingredients because its 
free acid percentage exceeds the SNI 01-3741-2002 cooking oil standard (max. 0.3%) [25]. Free fatty 
acids are products of oil and fat hydrolysis [26]. Free fatty acids indicate that the oil has undergone 
triglyceride (neutral fat) breakdown into glycerol and free fatty acids [27]. This process is caused by 
the lipase enzyme and is influenced by temperature and humidity [28]. So, the high FFAs content 
may be due to the influence of temperature during extraction and the relatively long extraction time. 

4. CONCLUSIONS 
Through experiments with variations in the ratio of solvent/samples and extraction time, the 

optimal conditions were found to produce the highest oil yield. Analysis of the resulting oil showed 
that the main fatty acid content was oleic, palmitic, and lauric acids, which have broad application 
potential in various industries. The results of this study provide an important contribution to the 
development of BSF utilization as a sustainable source of animal oil and open up opportunities for 
further research related to BSF oil process optimization and characterization. 

 
References 

[1] T. Budiati, S. O. N. Yudiastuti, N. K. Wardhani, and A. Wahyono, Chitosan Extraction Methods of Black 
Soldier Fly Waste. UNISMA PRESS, 2024. 

[2] C. S. Liew et al., “Low-temperature thermal pre-treated sewage sludge for feeding of black soldier fly 
(Hermetia illucens) larvae: Protein, lipid and biodiesel profile and characterization,” Renew. Sustain. 
Energy Rev., vol. 178, p. 113241, May 2023, doi: 10.1016/j.rser.2023.113241. 

[3] T. Suryati, E. Julaeha, K. Farabi, H. Ambarsari, and A. T. Hidayat, “Lauric Acid from the Black Soldier 
Fly (Hermetia illucens) and Its Potential Applications,” Sustainability, vol. 15, no. 13, Art. no. 13, Jan. 
2023, doi: 10.3390/su151310383. 

[4] S. J. J. Schreven, S. Yener, H. J. F. van Valenberg, M. Dicke, and J. J. A. van Loon, “Life on a piece of 
cake: performance and fatty acid profiles of black soldier fly larvae fed oilseed by-products,” Jan. 2021, 
doi: 10.3920/JIFF2020.0004. 

[5] A. Franco et al., “Lipids from Hermetia illucens, an Innovative and Sustainable Source,” Sustainability, 
vol. 13, no. 18, Art. no. 18, Jan. 2021, doi: 10.3390/su131810198. 

[6] H. C. Mai, N. D. Dao, T. D. Lam, B. V. Nguyen, D. C. Nguyen, and L. G. Bach, “Purification Process, 
Physicochemical Properties, and Fatty Acid Composition of Black Soldier Fly (Hermetia illucens 
Linnaeus) Larvae Oil,” J. Am. Oil Chem. Soc., vol. 96, no. 11, pp. 1303–1311, 2019, doi: 
10.1002/aocs.12263. 

[7] R. Smets, P. Goos, J. Claes, and M. Van Der Borght, “Optimisation of the lipid extraction of fresh black 
soldier fly larvae (Hermetia illucens) with 2-methyltetrahydrofuran by response surface methodology,” 
Sep. Purif. Technol., vol. 258, p. 118040, Mar. 2021, doi: 10.1016/j.seppur.2020.118040. 

https://creativecommons.org/licenses/by-sa/4.0/


Fitria et al., Ind. J. Chem. Anal., Vol. 08, No 01, 2025, pp. 74-83 

Copyright © 2025 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e 
ISSN 2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence. 

82 

[8] R. G. Faradila, S. Arie Febrianto Mulyadi, and S. Muhammad Arwani, “Optimasi Proses Ekstraksi 
Lemak Maggot Black Soldier Fly Menggunakan Microwave Assisted Extraction (MAE) sebagai Bahan 
Baku Potensial Biodiesel,” sarjana, Universitas Brawijaya, 2022. Accessed: Jan. 21, 2025. [Online]. 
Available: https://repository.ub.ac.id/id/eprint/196509/ 

[9] H. K. Ravi et al., “Alternative solvents for lipid extraction and their effect on protein quality in black 
soldier fly (Hermetia illucens) larvae,” J. Clean. Prod., vol. 238, p. 117861, Nov. 2019, doi: 
10.1016/j.jclepro.2019.117861. 

[10] E. D. Daryono, A. Sintoyo, and R. C. Gunawan, “Transesterifikasi In Situ Minyak Biji Pepaya Menjadi 
Metil Ester dengan Co-Solvent N-Heksana Menggunakan Microwave,” J. Tek. Kim. Dan Lingkung., vol. 
4, no. 1, Art. no. 1, Apr. 2020, doi: 10.33795/jtkl.v4i1.148. 

[11] Y. Variyana, M. Fitria, R. S. C. Muchammad, and M. Mahfud, “Enhancing Indian onion (Allium Cepa 
L. var. aggregatum) extraction by microwave hydrodiffusion and gravity (MHG) method: Parametric 
study and optimization using FCCD design,” Results Eng., vol. 24, p. 103294, Dec. 2024, doi: 
10.1016/j.rineng.2024.103294. 

[12] V. Rifkia and I. Prabowo, “Pengaruh Variasi Suhu dan Waktu terhadap Rendemen dan Kadar Total 
Flavonoid pada Ekstraksi Daun Moringa oleifera Lam. dengan Metode Ultrasonik,” Pharm. J. Farm. 
Indones. Pharm. J. Indones., vol. 17, no. 2, p. 387, Dec. 2020. 

[13] J. Jayanudin, A. Z. Lestari, and F. Nurbayanti, “Pengaruh Suhu Dan Rasio Pelarut Ekstraksi Terhadap 
Rendemen Dan Viskositas Natrium Alginat Dari Rumput Laut Cokelat (Sargassum sp),” J. Integrasi 
Proses, vol. 5, no. 1, 2014, doi: 10.36055/jip.v5i1.35. 

[14] Y.M. Widyastutik, P.T. Hardani, D.P. Sari. Optimasi Perbandingan Pelarut dan Lama Maserasi terhadap 
Kadar Total Antosianin Ekstrak Jantung Pisang (Musa acuminata x Musa balbisiana). Pharmacon: Jurnal 
Farmasi Indonesia. 2022.  https://journals.ums.ac.id/index.php/pharmacon/article/view/19834 

[15] L.R. Alvita, I. Maulina, and D.A. Afifah, Optimasi Konsentrasi Substrat Dan Enzim Dalam Pembuatan 
Gula Cair Berbahan Dasar Tepung Ketan Putih Dengan Response Surface Methodology (RSM), Journal 
Applied of Science and Chemical Engineering, vol 1 no 1, 2023.  

[16] K.M. Eggink, I. Lund, P.B. Pedersen, B.W. Hansen, J. Dalsgaard. Biowaste and by-products as rearing 
substrates for black soldier fly (Hermetia illucens) larvae: Effects on larval body composition and 
performance. Plos one. cyclopedia of Microbiology. 2022. Academic Press. 

[17] N. Moula et al., “Performances of local poultry breed fed black soldier fly larvae reared on horse 
manure,” Anim. Nutr., vol. 4, no. 1, pp. 73–78, Mar. 2018, doi: 10.1016/j.aninu.2017.10.002. 

[18] N. Ewald, A. Vidakovic, M. Langeland, A. Kiessling, S. Sampels, and C. Lalander, “Fatty acid 
composition of black soldier fly larvae (Hermetia illucens) – Possibilities and limitations for 
modification through diet,” Waste Manag., vol. 102, pp. 40–47, Feb. 2020, doi: 
10.1016/j.wasman.2019.10.014. 

[19] S. Y. Leong, S. R. M. Kutty, C. K. Tan, and L. H. Tey, Comparative Study On The Effect Of Organic 
Waste On Lauric Acid Produced By Hermetia Illucens Larvae Via Bioconversion, no. 8. 

[20] T. Spranghers, M. Ottoboni, C. Klootwijk, A. Ovyn, S. Deboosere, B. De Meulenaer, J. Michiels, M. 
Eeckhout, P. De Clercq, and S. De Smet. Nutritional composition of black soldier fly (Hermetia illucens) 
prepupae reared on different organic waste substrates. J Sci Food Agric. 2017. 

[21] I. N. Cahyawati, O. Sjofjan, H. Tistiana, and J. Lee, “Evaluation of nutrition of Black Soldier Flies 
Larvae (BSFL) using Van Soest and fatty acid profile reared at different media,” BIO Web Conf., vol. 
81, p. 00033, 2023, doi: 10.1051/bioconf/20238100033. 

[22] A. Septyarini, “Uji Karakteristik Fisika Dan Kimia Lemak Dari Larva Black Soldier Fly (Bsf)”. 

[23] J. M. Shabani, O. O. Babajide, and O. O. Oyekola, “An Investigation into the Potential of Maggot Oil 
as a Feedstock for Biodiesel Production,” in Valorization of Biomass to Value-Added Commodities: 
Current Trends, Challenges, and Future Prospects, M. O. Daramola and A. O. Ayeni, Eds., Cham: 
Springer International Publishing, 2020, pp. 285–301. doi: 10.1007/978-3-030-38032-8_14. 

[24] P. Jayasinghe and K. Hawboldt, “A review of bio-oils from waste biomass: Focus on fish processing 
waste,” Renew. Sustain. Energy Rev., vol. 16, no. 1, pp. 798–821, Jan. 2012, doi: 
10.1016/j.rser.2011.09.005. 

https://creativecommons.org/licenses/by-sa/4.0/


Fitria et al., Ind. J. Chem. Anal., Vol. 08, No 01, 2025, pp. 74-83 

Copyright © 2025 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e 
ISSN 2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence. 

83 

[25] E. C. Hutajulu, N. Nurjazuli, and N. E. Wahyuningsih, “Hubungan Jenis Minyak Goreng, Suhu, dan PH 
terhadap Kadar Asam Lemak Bebas pada Minyak Goreng Pedagang Penyetan,” MEDIA Kesehat. Masy. 
Indones., vol. 19, no. 5, pp. 375–378, Oct. 2020, doi: 10.14710/mkmi.19.5.375-378. 

[26] S. A. Mahesar, S. T. H. Sherazi, A. R. Khaskheli, A. A. Kandhro, and S. Uddin, “Analytical approaches 
for the assessment of free fatty acids in oils and fats,” Anal. Methods, vol. 6, no. 14, pp. 4956–4963, Jun. 
2014, doi: 10.1039/C4AY00344F. 

[27] Encyclopedia of Microbiology. Academic Press, 2009. 

[28] C. F. Mamuaja, “Lipida.” Unsrat Press. 2017. Available: http://repo.unsrat.ac.id/id/eprint/2031 

 

 

https://creativecommons.org/licenses/by-sa/4.0/

