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 Organic waste produced by economic activities may create health, 
aesthetic, and economic problems. One of the approaches applied to 
solve this problem is the utilization of decomposer macrofauna to 
decompose the waste. One of the decomposers with great potential is 
Black Soldier Fly larvae (Hermetia illucens) that can consume various 
types of organic wastes and converts it into biomass with high protein 
and lipid content. In this study, banana peels and coconut testa had been 
fed to the larvae at 200 mg/larvae/day as the objects that represented 
organic wastes with low fiber content and high fiber content 
respectively. The purpose of this study was to observe the growth and 
efficiency of BSF larvae in decomposing those wastes. The analysis was 
conducted on some parameters such as the growth and consumption 
rate, the efficiency of conversion of digested (ECD), waste reduction 
index, and mortality rate. The results showed that BSF larvae THAT 
consumed banana peel had a higher final weight (58.24 mg), growth 
rate, and consumption rate while the mortality rate was lower than BSF 
larvae that consumed coconut testa. The ECD of the larvae group that 
consumed banana peel was higher than the larvae group that consumed 
coconut testa. The waste reduction index of banana peel was higher than 
coconut testa (1.5 and 1.4, respectively). The larvae that consumed 
coconut testa had a longer pupation period (9±1,75 days) compared to 
the larvae that consumed banana peel. Based on this result, it can be 
concluded that the fiber content of organic waste affected the 
decomposition rate and growth of BSF larvae. 

 

Kemampuan cerna kulit pisang dan testa kelapa dan 
efeknya pada pertumbuhan dan mortalitas larva Black 
Soldier Fly (Hermetiaillucens) pada tingkat pemberian 
pakan konstan 
 
Abstrak: Sampahorganik yang dihasilkan dari aktivitas ekonomi manusia 
dapat menimbulkan masalah kesehatan, estetika, dan ekonomi, Salah 
satupendekatan yang mulai banyak diaplikasikan adalah pemanfaatan 
macrofauna decomposer untuk mendekom posisi sampah tersebut. Salah 
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satu agenda komposisi yang potensial adalah larva Black Soldier Fly 
(BSF)(Hermetiaillucens) yang memiliki kemampuan mengkonsumsi 
limbah organik dan merubahnya menjadi biomasa tubuh dengan 
kandungan protein dan lipid tinggi. Pada penelitian ini dipilih sampah 
kulit pisang dan testakelapa (diberikan dalam jumlah200 mg/larva/hari) 
sebagai objek penelitian untuk mewakili sampah organic dengan 
kandungan serat rendah dan tinggi. Tujuan penelitian ini adalah untuk 
mengetahui pertumbuhan dan efisiensi larva BSF dalam mendegradasi 
produk buangan buah pisang dan kelapa. Analisa dilakukan terhadap 
beberapa parameter seperti laju pertumbuhan, laju konsumsi, Efficiency of 
Conversion of Digested (ECD), Waste Reduction Index (WRI) dan 
mortalitas dari larva BSF. Hasil penelitian menunjukkan bahwa kelompok 
larva BSF yang mengkonsumsi kulit pisang memiliki beratakhir (58,24 
mg) dengan laju pertumbuhan dan tingkat konsumsi lebih tinggi serta 
tingkat mortalitas lebih rendah dibandingkan kelompok yang 
mengkonsumsi testa kelapa (48,72 mg). Nilai ECD pada kelompok larva 
yang mengkonsumsi kulit pisang (13,02%) lebih tinggi dibandingkan pada 
kelompok yang mengkonsumsi testa kelapa adalah (12,45%). Nilai 
efisiensi reduksi (WRI) kulit pisang lebih tinggi dibandingkan testa kelapa 
(1,5 dan 1,4 secara berurutan). Konsumsi testa kelapa menghasilkan pupa 
yang membutuhkan masa pupasi lebih lama (9±1,75 hari) dibandingkan 
kulit pisang (7±1,01 hari). Berdasarkan hasil ini maka dapat disimpulkan 
bahwa kandungan serat pada limbah organic sangat mempengaruhi 
kemampuan dekomposisi dan pertumbuhan dari larva BSF. 
 
 

 

INTRODUCTION  

One of the common types of waste 
produced by human economic activities is 
organic waste. Organic waste is generally 
processed using the sanitary landfill 
method or through a composting process 
to reduce its volume. However, the final 
product of the two processes is an only 
organic fertilizer which has relatively 
limited added value. This has caused the 
processing of organic waste to get 
relatively less attention, although the pile 
of organic waste affects the health, 
aesthetics, and the possibility of increasing 
the production of greenhouse gases that 
have the potential to change the climate 
(Bogner et al., 2011). Recently, an effort 
has been developed by upcycling organic 
waste through a bioconversion process 
using a decomposer, known as CORS 
(Conversion of Organic Refuse by 
Saprophages). 

At CORS, the process of overhauling 
organic waste is performed by the 
saprophage biomass through the metabolic 
process (Diener et al., 2009). One of the 

biological agents that can be used in the 
CORS process is the black soldier fly larvae 
(Hermetia illucens). Larvae of this species 
have been known to have the ability to 
consume various types of organic waste 
such as livestock manure (Q. Li et al., 2011; 
Rehman et al., 2017; Zhou et al., 2013), 
food waste (Kinasih et al., 2018; Parra Paz 
et al., 2015; Salomone et al., 2017), and 
organic waste of economic-based activity 
(Diener et al., 2011; W. Li et al., 2015; 
Manurung, Supriatna, & Esyanthi, 2016). 
This consumption process produces a body 
biome which is rich in protein and lipids as 
potential raw materials for protein and 
lipid-based bio-industries such as animal 
feed (Khan, 2018), biofuels (Zheng, Hou, et 
al., 2012; Zheng, Li, et al., 2012), nutrients 
(Wang & Shelomi, 2017), and metabolic 
residues that have the potential as organic 
fertilizer (Setti et al., 2019). This process 
can also provide more initiative to waste 
management because of the additional 
values contained in the end products 
(upcycling) (Čičková et al., 2015; Lohri et 
al., 2017). 
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One of the main bio-based economic 
activities in Indonesia is the processed fruit 
products which produce a large amount of 
organic waste. Broadly speaking, there are 
two types of fruit that are used as raw 
material for processed products, namely 
fruit with low cellulose fiber content and 
high cellulose fiber content. This 
phenomenon served as the foundation of 
this research which utilized the wastes of 
processed banana and coconut fruit 
industry as the model. 

Banana is one of the leading fruit 
commodities in Indonesia which keeps 
increasing every year. This is indicated by 
the average production data of banana 
which increased by 9.29% in 2010-2014 
(Dirjen Hortikultura Kementerian 
Pertanian, 2015). On the other hand, the 
average coconut production in Indonesia 
reaches 15.5 billion pieces/year (Mahmud 
& Yulius, 2004). This condition has led to 
the growth of banana and coconut 
processing industries which produce 2 
main wastes, namely banana peels and 
coconut testa. 

Both types of wastes contain 
nutrients that can be used as raw material 
for metabolic processes by BSF larvae, 
especially the protein and crude fiber. 
Banana peel contains 1% protein and 30 % 
crude fiber (Anhwange et al., 2009) while 
coconut testa contains 7% protein and 
17% crude fiber (Appaiah et al., 2014). 
This condition causes these two materials 
to have potential as raw materials for the 
bioconversion process by BSF larvae. 
Based on the description, this research was 
aimed to obtain information related to the 
efficiency of the bioconversion process of 
banana peels and coconut testa by BSF 
larvae. 

 

 

 

METHOD 

Research Preparation 
BSF larvae used in this study came 

from eggs produced by the Balai Riset 
Budidaya Ikan Hias (BRBIH), Depok. The 
eggs were hatched on a medium of 
commercial chicken feed mixed with water 
to reach a water content of 60% (w/w). 
The larvae used in the study were larvae 
aged 7 days after hatching. 
 
Treatment 

Two BSF queens and larvae were 
placed in two plastic cups (16 oz volume) 
covered with holed plastic caps (9 total 
holes with a diameter of 5 mm each). Each 
cup and the cap were held together by 
rubber bands and coated with black 
plastics on the sides of the cups. The first 
cup was given banana peels and the second 
cup was given coconut testa with an 
amount of 200 mg/larva/day. The 
treatment was repeated 5 times. The larvae 
were placed in the room temperature (23-
28oC) with a relative humidity of 70-80%. 

Every 3 days, 5% of the total larvae 
contained in the plastic cups were 
randomly sampled to obtain the larvae dry 
weight. The larvae were put in an oven at 
60° C for 24 hours and the dry weight was 
determined by the gravimetric method. 
The observation and feeding were carried 
out until 50% of the larvae entered the pre-
pupa period which was characterized by a 
dark change in color and inactive 
movement. 

 
The Determination of the Growth Rate and 
the Consumption Rate 

The dry weight of the larvae was used as 
the basis to determine the growth rate and 
consumption rate using the formula(Fogg, 
1975):  

Growth Rate  = 
ln 𝐵𝑡−𝑙𝑛𝐵𝑜

𝑡
 

Consumption Rate  =
ln𝐾𝑡−𝑙𝑛𝐾𝑜

𝑡
 

Bt is the weight of larvae after t-day, B0 is 
the initial weight of larvae, and t is the time of 
observation (days). Kt is the total consumption 
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of larvae after t-day, K0 is the amount of initial 
consumption of larvae, and t is the time of 
observation (days).  

In this research, the duration of the 
pupation period was the time spent by the 
pupa before becoming an adult insect. 

 
The Determination the Consumption 
Process Efficiency  

The growth of living things is 
determined by their ability to digest the 
food they have consumed. In this research, 
the level of food conversion efficiency was 
measured through the Efficiency of 
Conversion of Digested Food (ECD) using 
the following equation (Scriber & Slansky, 
1981): 

B = (I-F)-M      

ECD  = B/I-F      

B is the assimilation of food used for 
growth (calculated as pre-pupa biomass), I 
is the total food given during the research, 
F is the residue in the plastic container 
(leftover feed + excretion product), and M 
is the food that has been assimilated for 
metabolism. 
 

The Determination of WRI 

One of the objectives of this study was 
to obtain information regarding the ability 
of larvae to reduce the amount of organic 
waste. This ability is expressed in the 
Reduction Index (WRI) based on the 
following equation: 

WRI  = D/tx 100    
D  = (WR)/W    

W is the total feed given during the treatment, t 
is the time of observation, and R is the 
metabolic residue and unconsumed food 
(Diener et al., 2009). 
 

 

RESULTS AND DISCUSSION 

The Growth of Larvae 

The growth pattern between the two 
groups of larvae (banana peel group and 
coconut testa) followed the same growth 
pattern where there was a continuous 
increase until the end of the observation 
(Figure 1). During the growth period, the 
biomass value of the banana peels group 
larvae was higher than the coconut testa 
group larvae (Figure 1)  

 
Figure 1. The Biomass Changes of BSF 

Larvae 
 

The difference in body weight may be 
related to the nutrient content of the feed. 
The final weight of larvae that consumed 
banana peels was different with the results 
of the research conducted by (Isibika et al., 
2019) who had reported that the final 
weight of the BSF larvae that consumed 
Awak banana peels was 33±2 mg and 
134±3 mg for the larvae that consumed 
Cavendish banana peels. The value 
difference was caused by different types of 
bananas peels with different nutrient 
contents, the quality of feed (Cammack & 
Tomberlin, 2017; Chia et al., 2018; Gobbi, 
Martínez-Sánchez, et al., 2013) especially 
the ratio of protein and digestible fiber, and 
the total fiber content (Lalander et al., 
2019; Tschirner & Simon, 2015). This could 
also explain why the larvae that consumed 
coconut testa had relatively lower growth 
rates. 

On the other hand, the growth pattern 
of larvae did not show any horizontal curve 
that indicates the halt of the growth 
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process and metamorphosis from larvae to 
pre-pupa (Sripontan et al., 2020). Similar 
growth patterns were found by (Manurung, 
Supriatna, & Esyanthi, 2016) who used 
basic ingredients rich in Hemi- and lingo 
cellulose. Based on this, it can be assumed 
that the feed contained a relatively high 
indigestible carbohydrate. 

The results of the larval growth rate 
analysis showed that the larvae fed with 
banana peels had a slightly higher growth 
rate than the one fed with coconut testa 
(0.08 and 0.07 mg/day) although they 
were not significantly different. The growth 
rate decreases over time (Figure 2).  

 
Figure 2. The Growth Rate of the Larvae 

 
There was a decreased weight gain 

because the BSF larvae were unable to 
digest their food properly due to the high 
indigestible carbohydrate content (Liu et 
al., 2018). The lignin content of the coconut 
testa made the BSF larvae can only absorb 
low nutrient level because the BSF larvae 
have difficulty in digesting lignin (Zheng, 
Li, et al., 2012) which is usually assisted by 
certain symbiotic activity in the insect 
digestive system (Ohkuma, 2003). On the 
other hand, the banana peels used in this 
study may contain a large amount of slowly 
digestible starch (Z. Li et al., 2018). 

 
The Mortality Rate of the Larvae  

The mortality rate of the BSF larvae 
decreased as they aged. The larvae fed with 
banana peel had a better rate (Figure 3). In 

total, the mortality rate of the larvae fed 
with banana was 78.6% (393 larvae out of 
500) while the mortality rate of the larvae 
fed with coconut testa was 68.2% (341 
larvae out of 500). 

 
Figure 3. The Mortality Rate of the BSF 

Larvae 
 

A similar decreased mortality rate 
was also reported by (Gao et al., 2019). 
This could be related to increased biomass 
and the protection from environmental 
influences along with the increased 
protection of the cuticles. 

Compared to other studies, the 
survival rates of BSF larvae in this research 
were equivalent to the results of studies 
using a single type of feed with high 
carbohydrate content (Table 1). This 
indicated that the larvae can only take 
carbohydrates from the feed given in this 
research. This condition had caused an 
imbalance in nutrition which resulted in a 
low survival rate.  
 
Table 1. The Mortality Rate Comparison of 
BSF Larvae with Other Studies 
Reference  Feeds  Mortality Rates 

(%) 
This Research Banana Peel 78,6 

Coconut 68,2 
(Ewald et al., 
2020) 

Bread 69.8 
Meat 18,4 
Leftovers 89,1 
Fresh 
Crunches 

89,3 

Rotten Shells 55,1 
Bread and 
Shellfish 

54,3-86,2 
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(Danieli et al., 
2019) 

Non-fiber 
High 
Carbohydrate 
Content 

66 

High Fiber 
Content 

81 

High Protein 
Content 

67 

(ur Rehman et 
al., 2017) 

Cows and 
Chickens’ 
Manure 

89,5-98,4 

(Manurung, 
Supriatna, 
Esyanthi, et 
al., 2016) 

Hay  51,2-98,3 

(D. Oonincx et 
al., 2015) 

Artificial Feed 75-85 

(D. G. Oonincx 
et al., 2015) 

Cow Manure 87,8 
Chicken 
Manure 

82,2 

Pig Manure 97 
(Gobbi, 
Martinez-
Sanchez, et al., 
2013) 

Chicken Feed 93 
Meat 40 

(Myers et al., 
2014) 

Cow Manure 71-85 

 

The Pupation Period Development  

Larvae fed with banana peel had a 
shorter pupation period compared to the 
larvae fed with coconut testa (7 days 
versus 9 days) (Table 1).  

 

Table 2. Comparison with other Studies 
Reference Feeds Pupation 

Period 
This Research Banana Peel 7±1,01 

Coconut Testa 9±1,75 

(Gao et al., 
2019) 

Wheat Straw 
Fermented 
Wheat Straw  

9,25±0,16 
9,22±0,12 

 
The pupation period of the larvae fed 

with coconut testa was relatively similar to 
the research results of (Gao et al., 2019) 
(Tabel 2). This indicates that the 
nutritional content in coconut testa is 
equivalent to that of wheat straw. The 
duration of the pupa development process 
is determined by the hormonal processes 
of the residual nutrient during the larvae 
stage (Nijhout, 2003; Telang et al., 2007), 

especially sugar and protein (MacWhinnie 
et al., 2005). This could explain why the 
pupation period of the larvae group fed 
with banana peels was shorter than the 
group fed with coconut testa based on the 
likelihood of getting sugar and protein. On 
the other hand, the water content of the 
banana peels had a higher positive effect 
on the process of the accumulation of 
nutrients during the larval stage to be used 
in the pupation period (Cheng et al., 2017; 
Dzepe et al., 2019). 

 
The Consumption Process Efficiency 

The consumption rate of the BSF 
larvae fed with banana peels was higher 
(0.2 mg/day) than the larvae fed with 
coconut testa (0.18 mg/day) (Figure 4). 
This data indicated that banana peel was to 
consume.  

 
Figure 4. The Consumption Rate of the BSF 
larvae 

 
The low consumption level of BSF 

larvae fed with coconut testa was 
associated with lower consumption 
process efficiency (Figure 5). 
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Figure 5. The Consumption Process 

Efficiency of the BSF Larvae 
 

Both consumption patterns showed 
an increasing consumption rate and 
efficiency as the larva aged. This was 
related to the nutrients accumulation 
process for hormone formation in further 
metamorphosis stage. On the other hand, a 
more balanced nutritional content in 
banana peels led to a more efficient 
consumption process (Cammack & 
Tomberlin, 2017). 

This might be caused by the lower 
water content of coconut testa compared to 
banana peels. Water content plays an 
important role in the absorption of food 
and the reduction of energy needed to 
carry out the metabolic process. Another 
factor that can also cause coconut testa's 
ECD to be lower is the lingo cellulose 
component. This compound requires 
cellulose enzymes in the digestion process 
which can be produced by the larvae 
themselves (Taggar, 2015). Several studies 
have shown that BSF larvae can produce 
this enzyme themselves (Lee et al., 2014) 
or by using symbiotes in the form of 
microorganisms present in the digestive 
tract (De Smet et al., 2018; Supriyatna & 
Ukit, 2016). 

The low consumption efficiency 
caused a change in the feed allocation 
strategy. The number of banana peels used 
to produce biomass was 29.12% and the 

metabolism was 11.01% with a residue of 
59.87%. On the other hand, the proportion 
of coconut testa used as biomass was 
25.46% and the metabolism was 19.62% 
with a residue of 54.92% (Figure 4).  

 
Figure 6. Feed Allocation for Biomass, 

Metabolism, and Residue  
 
More coconut testa was allocated due 

to its poor quality to support the 
metabolism to sustain the life of the larvae. 
This strategy is commonly used for insects 
when they can not obtain optimal amounts 
of nutrition until they can obtain a better 
feed so that they can allocate it for the 
growth process (known as compensatory 
growth) (Dmitriew, 2011; Mangel & Munch, 
2005).  

 
The Efficiency of the Waste Reduction 
Process 

The BSF larvae were more efficient to 
reduce banana peel waste compared to the 
coconut testa waste. The WRI values of 
banana peels are 1.5 and coconut testa is 
1.4 (Figure 7). The values increased along 
with time. The higher the WRI value, the 
better the waste reduction efficiency which 
might relate to the increased rate and 
efficiency of the consumption process. 
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Figure 7. Waste Reduction Index of the 

BSF Larvae 
 
When compared to other studies, the 

banana peel and coconut testa waste 
reduction rates by the BSF larvae were 
relatively low (Table 3). This can be 
corrected by using a co-conversion process 
using microorganisms (Appaiah et al. 
2014) or controlling the ratio of carbon 
and nitrogen of the wastes (Palma et al., 
2019). 

 
Table 3. The Comparison of the BSF Larvae 

Mortality Rate with Other Studies 

References Feeds Waste 
Reduction 
Rates (%) 

This 
Research 

Banana peels 1,50 
Coconut testa  1,40 

(Jucker et 
al., 2020) 

Crickets’ waste 3,12-4,5 

 Grasshoppers’ waste 1,32-1,79 
(Meneguz 
et al., 2018) 

Fruit and vegetable 
mixture 

3,2 

Fruit 3,2 
Grape Industrial waste 2,4 
Beer industrial waste 5,3 

(Hakim et 
al., 2017) 

Fish industrial waste 3,37-4,06 

 

CONCLUSIONS AND SUGGESTIONS 

BSF larvae (H. illucens) were able to 
consume and convert banana peels and 
coconut testa into biomass. Banana peel is a 
better feed for larvae as indicated by the 
development of better pupation period and 
ECD. There was no difference in the BSF 

larvae’s ability to reduce the two types of 
organic wastes which indicated that the 
nutritional qualities of the two types of wastes 
were relatively the same. 
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