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INTRODUCTION 

 
As the fourth most populated country in the world, 

Indonesia produces a huge amount of organic waste. The 
organic waste may causes a huge environmental problem 
when not handled properly, but may also provides a 
massive opportunity when biologically converted into 
valuable bioproducts. Protein is one of the most 
prominent bioconversion products that can be produced 
from organic waste by insects. Black soldier fly 

(Hermetia illucens) larvae ingest on various organic 
materials including damp grains, animal wastes, 
decaying fruits and vegetables and other organic 
materials, reducing up to 80% from  the original volume  
(Diener  et al., 2015; Sandec, 2017; Mertenat et al., 
2019).   

Within its growth cycle, Black Soldier Fly Larva 
(BSFL) will convert organic waste into its own biomass, 
metabolism and residue (Salomone et al., 2017; Abduh 
et al., 2018). When compared to other phases in the 
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Abstract 
The aim of this study was to determine optimum enzyme concentration and 
hydrolysis time needed to hydrolyze black soldier fly prepupae into a protein 
hydrolysate. The prepupae were homogenized with aquadest and papain 
enzyme (0-9% on a weight basis) at pH 7 for 24-72 h at 55°C. At optimum 
conditions (enzyme concentration of 6% on a weight basis and hydrolysis time 
of 24 h), the yield of protein hydrolysate was 31% on a dry weight basis. The 
protein content increased from 39.7 to 61% (dry weight basis) whereas the 
lipid content in the protein hydrolysate decreased from 30.3 to 0.5% (dry 
weight basis). Hydrolysis of the prepupae with a papain enzyme increased the 
amino acid content from 15.4 to 47.1% on a weight basis. The black soldier 
fly prepupae contains 15 detectable amino acids primarily consists of glutamic 
acid (10.7%), alanine (10.7%), leucine (10%) and valine (9%). After 
hydrolysis with a papain enzyme, the composition of the amino acid changed 
and primarily consists of glutamic acid (17.3%), tyrosine (9.4%), leucine 
(9.4%) and alanine (8.9%). The protein hydrolysate may find application as a 
supplement for feed and food for a better absorption of nutrients in animal 
intestine. 
 
Keywords: Amino acid, black soldier fly prepupae, enzymatic hydrolysis, 

papain, protein hydrolysate 
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insect growth cycle,  the prepupae contain the highest 
amount of nutrients including protein and lipids. As such 
is because prepupa is the phase where the larva stop 
consuming food and start immobilizing itself in a chitin-
hard cocoon to prepare the metamorph process into a 
pupa and then a winged body - a fly. Biomass of black 
soldier fly prepupae is rich with protein (40-50%) and 
lipid (25-30%) (Diener et al., 2009; Nguyen et al., 2015). 
Black soldier fly prepupae may become a potential 
alternative source for producing crude insect oil, protein  
and chitin  that may find wide applications in the field of 
agriculture and biotechnology.   

Protein derived products from black soldier fly 
prepupae when provided as a crude insect protein has a 
lower value and limited use compared when provided as 
a hydrolysate. Protein hydrolysate is a product from the 
breakdown of protein into short chained peptides, 
nucleotides and L-amino acids. One potential application 
of protein hydrolysate is peptone used as a growth 
medium for microorganism and also in biotechnological 
researchs (Susetyo, 2000; Wijayanti, 2009). Other 
applications of protein hydrolysate in the food industry 
are as food and feed protein additive, filler and emulsifier 
in food products. In addition, clinical applications of 
protein hydrolysate have also been suggested for 
phyenilketonuria and liver diasease  (Pigott and Tucker, 
1990; Schmidl et al., 1994).   

One of the main advantages of protein hydrolysate 
is that it can be easily absorbed in animal intestine (as a 
feed proportion) compared to the crude form of protein 
(Hou et al., 2017; Slizyte et al., 2016). The protein 
hydrolysate has a high proportion of pure protein and 
free amino acid with also a high protein efficiency ratio 
that would be beneficial for the growth of cattle and 
therefore is flexible in its utilization as an additive for 
animal feed (Li et al., 2016).   

Currently, protein hydrolysate which has been 
widely produced and used, is derived from various types 
of fish; either whole fish or remnants of fish fillet 
production (Bernadeta et al., 2012; Nurilmala et al., 
2018), soy beans (Witono et al., 2007) and milk 
(Korhonen, 2009). Protein hydrolysate can be 
synthesized through a process called hydrolysis, either 
by enzyme, acid, or alkali. Protein hydrolysate produced 
by enzyme has a major advantage; more efficient and 
effective in synthesizing the hydrolysate without causing 
any damage to its amino acids (Peterson and Johnson, 
1978). In addition, enzymatically synthesized 
hydrolysate has a more clean-cut whole free amino acid 
(Slizyte et al., 2016) due to specific hydrolysis owing to 
the nature of enzyme that is target spesifc (Slizyte et al., 
2016).  

Systematic studies on the synthesis of protein 
hydrolysate from insects specifically black soldier fly 
prepupae are still very scarce. Two main challenges 
recognized in the enzymatic conversion of black soldier 
fly into protein hydrolysate are to determine the optimum  

concentration of enzyme and hydrolysis  time  (Slizyte  
et al., 2016). Hence, this study aims to determine the 
optimum concentration of enzyme and hydrolysis time 
for producing protein hydrolysate followed by 
characterisation of the synthesized protein hydrolysate. 
 

MATERIALS AND METHODS 
 
Materials: Black soldier fly prepupae were retrieved 
from a Black Soldier Fly Cultivation Unit in Margonda 
Raya (Depok, Indonesia). The prepupae were previously 
fed with chicken manure and were harvested at the age 
of three weeks. Upon received, the prepupae were stored 
at -20°C before further used. Papain enzyme (1.5-10 
U/mg) (Sigma-Aldrich, Singapore) was produced from 
papain latex. Other chemicals used were ethanol 
(analytical grade) (Emsure®, Darmstadt, Germany), 
sodium hydroxide (technical grade) (PT Brataco 
Chemical, Jakarta, Indonesia) and acetic acid (analytical 
grade) (Merck KgaA, Darmstadt, Germany).  
 
Synthesis of protein hydrolysate from the prepupae 
of black soldier fly: Hydrolysis of black soldier fly 
prepupae was carried out according to the steps shown in 
Fig. 1 using a papain enzyme with an activity of 1.5-10 
U/mg. Initially, BSF prepupae were rinsed 8-9 times 
with aquadest water (conductivity: 7  µS/cm).  The wet 
and clean BSF prepupae were then homogenized using a 
food Blender-Philips Glass HR2116 350 w (Phillips, 
Hamburg, Germany) with additional aquadest at a ratio 
of 1:3 (one part of BSF prepupae mixed with 3 parts of 
aquadest), for 4 min.  

The mixture was then manually stirred with pre-
measured amount of hydrolytic papain enzyme with a 
concentration range shown in Table 1. The pH was then 
measured using a pH meter (SevenCompact, Mettler 
Toledo, Greifensee, Switzerland) and adjusted to reach 
pH 7 using NaOH (PT Brataco, Jakarta, indonesia) 1 M 
to increase the pH and acetic acid (Merck, Darmstadt, 
Germany) 1 M to decrease the pH. Once pH 7 was 
reached, the mixture was incubated in a waterbath 
(Double waterbath BW-D, Lab. Companion, 
Scienceware, New Jersey, United States ) set at 55°C for 
24-72 h as shown in Table 1. The hydrolysis was 
terminated by increasing the incubation temperature to 
85°C for 20 min. The hydrolyzed sample was 
centrifuged using a a Labofuge 200 Centrifuge (Heraeus, 
Hanau, Germany) and the supernatant was concentrated 
using a rotary evaporator R-215 (Buchi, Flawil, 
Switzerland)  set at 58°C  for 15 min until a paste texture 
was formed for further analysis.  
 
Determination of hydrolysis process with ninhydrin 
tests: Ninhydrin tests were carried out to compare the 
resulting amount of free amino acids present in all 
samples in order to determine the optimum hydrolysis 
conditions. The test was modified from a nynhydrin test  
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Fig. 1: Schematic diagram for hydrolysis of prepupae from Hermetia illucens using a papain enzyme 
 
Table 1: Enzyme concentration and duration of hydolysis 

Papain enzyme 
(% weight) 

Duration of hydrolysis (h) 
----------------------------------------------------------- 
24 (%) 48 (%) 72 (%) 

0  0  0  0 
3  3  3  3 
6  6  6  6 
9  9  9  9 
 
for peptides (Friedman, 2004), where 0.1% ninhydrin in 
ethanol (Emsure®, Darmstadt, Germany) solution was 
used as a reactant. The thick paste sample was diluted 
with aquades with a ratio of 1:100. 5 mL of 0.1% 
nynhydrin reagent was mixed with 0.5 mL aliquot from 
the diluted sample in a 12 mL capped glass tube (Iwaki 
Glass, Indonesia). The mixture was then incubated at 
82°C in a waterbath (Lab. Companion, Scienceware, 
New Jersey, United States) for 4 min to activate the 

ninhydrin hydrolysis reaction with free amino acids in 
the sample.  

A ninhydrin test showed a positive test for alpha 
amino acids and proteins that contain free amino acid 
groups when the yellow ninhydrin changed to a blue-
purple color. The color formation from each sample was 
then measured at a wavelength of 570 nm using UV-
1800 spectrophotometer (Shimadzu, Kyoto, Japan).  The 
darker the blue-purple color, the more free amino acid 
product reacted with ninhydrin, which subsequently 
gives a higher absorbance/Optical Density (OD) value. 
 
Determination of biomass composition for black 
soldier fly prepupae: Water content, total crude protein, 
lipid, ash and fiber content of black soldier fly prepupae 
were analyzed at Vegetable Research Center (Lembang, 
Bandung). Total Nitrogen (N) content of the prepupae 
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was determined using a Kjehdahl procedure and crude 
protein was estimated as N × 6.25 (AOAC, 2005). Total 
lipid content of the prepupae was determined following 
a Soxhlet extraction (AOAC, 2012) of dried sample with 
petroleum ether. Moisture content of the black soldier 
prepupae was determined by oven drying the sample at 
105°C until constant weight was obtained. Total ash of 
the prepupae was determined by removing the organic 
matter at 500°C for 12 h using crucibles. Determination 
of total water and ash content were carried out using 
standard gravimetric methods (AOAC, 2012). 
 
Determination of amino acid profile: Amino acid 
profiling of the sample was carried out using High 
Performance Liquid Chromatography (HPLC). The 
sample was first hydrolyzed with 6 N HCL for 22 h at 
110°C and followed by a sequence of filtration, 
derivatization and separation in the HPLC. The analysis 
was carried out at Comprehensive Chemistry 
Laboratory, Bogor Agricultural University, Bogor, 
Indonesia. 
 
Statistical analysis: Experiments were carried out 
following two-factorial Randomized Complete Design. 
Reported data was from 2 independent main process 
replications unless otherwise stated. Analysis of 
Variance (ANOVA) was performed using SPSS (IBM 
SPSS Statistics, New York, NY, USA). When 
experimental factors were found to be significant 
(p<0.05), differences between means (factor levels) were 
compared (determined to be significantly different or 
not) using Tukey’s Honest Significant Difference (HSD) 
test to control for Type I Error. 
 
Determination of yield of protein hydrolysate: The 
yield of protein hydrolysate was calculated based on the 
amount of protein hydrolysate produced divided with the 
amount of black soldier fly prepupae used in the 
hydrolysis process as shown in Eq. (1):  
 

Yield (%) = dry mass of hydrolysate (g) / dry mass 
of black soldier fly prepupae (g) × 100%             (1) 

 
RESULTS AND DISCUSSION 

 
Biomass composition of black soldier fly prepupae: 
Biomass composition of black soldier fly prepupae used 
in this study was analyzed and the results are shown in 
Table 2. Upon received, the prepupae had a water 
content of 62.8%. The prepupae used in this study 
contain 39.7% crude protein, 30.3% lipid and  14.7% ash 
on a dry mass basis (Table 2). The protein content of 
black soldier fly prepupae determined in this study lies 
within range of 39.2-55.2% reported in previous studies 
(Caligiani et al., 2018; Liu  et  al.,  2017;  Müller  et  al.,  

Table 2: Biomass composition of black soldier fly prepupa and protein 
hydrolysate  

Parameter 

Composition (%) 
------------------------------------------------ 
Prepupa Hydrolysate 

Proteina 39.7 61 
Lipidb 30.3 0.5 
Ashc 14.7 12.8 
Starchd 1.1 0.7 
Fibere 7.4 - 
Non-N extractf 6.8 25 
a: Kjeldahl method; b: Soxhlet extraction; c: Crucible weight; d: Luff 
reduction; e: Mendell method; f: By difference; Non-N extracts: Soluble 
& easily digestible carbs (mono-, di-, polysaccharides) 
 
2017; Spranghers et al., 2016; Abduh et al., 2018). The 
lipid content of black soldier fly prepupae used in this 
study also lies in the range of 18.9-35% reported in 
previous studies (Abduh et al., 2017; Firmansyah and 
Abduh, 2019; Zheng et al., 2012).   
 
Effect of enzyme concentration and hydrolysis time: 
Experiments were carried out to determine the effect of 
enzyme contentration and hydrolysis time on the 
hydrolysis of black soldier fly prepupae and the results 
are shown in Fig. 2. Control samples containing no 
enzyme (0% weight basis) shows a significantly lower 
optical density in comparison to other samples 
containing papain enzyme concentration within all 
duration of hydrolysis (Fig. 2). The results in Fig. 2 also 
shows that within the same 24 h duration of hydrolysis, 
optical density from samples with a papain concentration 
of 3% (weight basis) was significantly lower (p<0.05) 
than that of 6 and 9% (weight basis). The duration of 48 
h differs with the latter; although the 3%  (weight basis)  
papain concentration does not differ from the 3% papain 
concentration with 24 h of hydrolysis. As such shows a 
similarity with the optical density for samples containing 
6 and 9% papain concentration (p<0.05).  

Samples that were hydrolyzed for 72 h show no 
significant difference (p<0.05) in terms of optical 
density for papain concentration of 6 and 9%.  
Hydrolysis conditions such as temperature, pH and water 
to substrate ratio that may affect the performance of 
papain in hydrolyzing the samples were set constant for 
all the samples. Hence, it can be inferred that most 
probably the papain concentration has reached a critical 
point where further increase in papain concentration did 
not facilitate the hydrolysis process.  

The overall results indicate that the optimum 
enzyme concentration and time and for hydrolyzing 
black soldier fly prepupae are 6% papain and 24 h of 
hydrolysis. In comparison with the results of 72 h, the 
result was higher than 24 h, especially that of 9%, but 
statistically they showed no significant difference 
(p<0.05). Due to the similar outcome (p<0.05), the usage 
of lower concentration of enzyme particularly 6%, is as 
effective as 9% in producing free amino acids. The 
shorter hydrolysis duration viz. 24 h, also works as 
affective   as   the   longer  ones  viz.  48 and 72 h,  giving 
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Fig. 2: Spectroscopic optical density at λ 570 nm (ODλ570 nm) quantitating positive ninhydrin test (y-axis) for representing the values 
of free amino acids for different enzyme concentration and duration of hydrolysis 
Standard error values are shown as bars instead of numbers; a-e: Values above the bars with different letters indicate 
significant differences (p<0.05) 

 
similar Optical Density (OD) (p<0.05) (Fig. 2). Hence, 
6% enzyme concentration and 24 h of hydrolysis were 
chosen to be the optimum conditions for the subsequent 
production of protein hydrolysate from BSF prepupae. 
Similar study on Mas Ngur seashell (Atactodea striata) 
reported that the optimum conditions were 6% papain 
enzyme concentration for 48 h to produce the seashell 
hydrolysate (Purbasari, 2008). 
 
Synthesis of protein hydrolysate at optimum 
conditions: Synthesis of protein hydrolysate was carried 
out at the optimum conditions that had been determined 
earlier (24 h, 6% papain, 55°C, pH 7). The hydrolysis of 
black soldier fly prepupae produced a thick paste with a 
dark brown color and its composition is shown in Table 
2. As much as 666 g sample of black soldier fly prepupae 
with a water content of 62.8% was used to produce 110 
g of protein hydrolysate containing 29.6% of water. The 
yield of protein hydrolysate as calculated using Eq. (1) is 
31.2% on a dry weight basis. As such resembles the 
reported protein hydrolysate yield of 31.58% using 
similar hydrolysis method on Atactodea striata 
(Purbasari, 2008). 

From Table 2, it can be observed that the 
synthesized   protein hydrolysate contains 61% crude 
protein, 0.5% lipid and 12.8% ash on a dry mass basis. 
Protein content of the hydrolysate synthesized in this 
study lies in the range of 50-70% for hydrolysis of black 
soldier fly using protease enzyme from Bacillus 
licheniformis (Caligiani et al., 2018). These values are 
higher than the protein content of hydrolysate produced 
from fish using a papain enzyme as reported by Hale 
(1974). The lipid content decreased from 30.3 to 0.5% 
(Table 2) after the hydrolysis of black soldier fly 

prepupae. Reduction of lipid up to 98.3% indicates a 
high-quality hydrolysate since a relatively high lipid 
content will accelerate the end of product shelf-life due 
to its high susceptibility to lipid oxidation (Boatright and 
Hettiarachchy, 1995). 

Starch content slightly decreased after the 
hydrolysis. This can be due to the transformation part of 
the starch into more soluble components after a long heat 
incubation time (BeMiller and Whistler, 2009). The 
magnitude of this transformation depends on the water 
content during heat treatment as well as type of the starch 
(Hoover and Vasanthan, 1994). Increased starch 
solubility may help with the digestion of other nutrients 
in the stomach and gut of animals with the protein. 

The non-nitrogen extract (derived by difference) 
which presumably is soluble and easily digestible 
carbohydrates (Nowak et al., 2016) could bring a benefit 
to the diet of the animal livestock. These nutrients can be 
directly utilized by the animal and thus a good source of 
energy for growth and metabolism (Garnsworthy and 
Wiseman, 2012). A higher amount of this extract in the 
protein hydrolysate also marked a good quality of the 
hydrolysate product, especially for animal feed 
application. 
 
Composition of amino acid in the prepupae and 
protein hydrolysate from black soldier fly: The 
composition of amino acid in both black soldier fly 
prepupae and protein hydrolysate also being analyzed 
using a HPLC and compared with the literature as shown 
in Table 3. The black soldier fly prepupae contain 15 
detectable amino acids primarily consists of glutamic 
acid (10.7%), alanine (10.7%), leucine (10%) and valine 
(9%). Glutamic acid was reported as the dominant amino
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Table 3: Composition of amino acid black in the biomass and protein hydrolysate from black sloldier fly 

Amino acid 

  Composition (%) 
--------------------------------------------------------------------------------------------------------------------------------- 

BSF prepupa (this study) Protein hydrolysate (this study) 
Protein hydrolysate (Firmansyah 
and Abduh, 2019) 

Aspartic acid 9.1 5.2 9.7 
Glutamic acid 10.7 17.3 18.1 
Serine 4.1 2.0 4.5 
Histidine 2.6 2.8 2.7 
Glycine 8.5 8.3 6.1 
Threonine 3.6 3.0 5.0 
Arginine 4.8 1.3 3.3 
Alanine 10.7 8.9 12.1 
Tyrosine 5.3 9.4 4.3 
Methionine 1.8 3.1 1.7 
Valine 9.0 8.2 7.3 
Phenylalanine 5.8 8.2 4.2 
Isoleucine 7.0 7.2 5.3 
Leucine 10.0 9.4 7.7 
Lysine 7.0 5.6 8.0 
 
acid in black soldier fly larvae (Janssen et al., 2017; 
Müller et al., 2017) and black soldier fly prepupae 
(Firmansyah and Abduh, 2019; Surendra et al., 2016). 

After hydrolysis with a papain enzyme, the 
composition of the amino acid changed and primarily 
consists of   glutamic acid (17.3%), tyrosine (9.4%), 
leucine (9.4%) and alanine (8.9%). In another study by 
Firmansyah and Abduh (2019) on enzymatic hydrolysis 
of black soldier larvae using a bromelain enzyme, the 
most dominant amino acids were glutamic acid (18.1%), 
alanine (12.1%), aspartic acid (9.7%) and lysine (8%). 
The presence of hydrophobic amino acid (such alanine, 
leucine) in the protein hydrolysate can be a sign of the 
ability of the hydrolysate to scavenge or inhibit free 
radicals (Saadi et al., 2014). More content of amino acids 
in the diet of livestock also provides a faster and better 
absorption of the nutrient in the guts of the animal (Hou 
et al., 2017). 

 
CONCLUSION 

 
Protein hydrolysate from black soldier fly prepupae 

that initially contains 39.7% protein had been 
successfully synthesized using a papain enzyme. The 
optimum conditions for the hydrolysis process occurred 
at 6% concentration of papain and hydrolysis time of 24 
h (at 55°C and pH7) as indicated by a ninhydrin test 
(absorbance value of 1.18 at a wavelength of 570 nm). 
The protein hydrolysate had a yield of 31.7% containing 
61% protein. After hydrolysis with a papain enzyme, the 
composition of the amino acid changed and primarily 
consists of glutamic acid, tyrosine, leucine and alanine 
(8.9%). The protein hydrolysate may find application in 
the field of feed and food industry. 
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