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Abstract

Chitin, a versatile biopolymer with applications in biomedicine, antimicrobial agents, and cosmetics, can be sustainably sourced
from the black soldier fly (BSF). This alternative is gaining popularity because it not only provides a sustainable supply of raw
materials but also possesses chitin properties. Consequently, this broadens the potential applications of chitin in the development
of derivative products with varied characteristics. The BSF undergoes complete metamorphosis, consisting of four stages: egg,
larva, pupa, and fly. While the extraction method is commonly used to isolate chitin from other sources, a modified approach is
necessary for the BSF due to the unique chitin-binding elements present in its biological structures. Given the high fat content
in BSF and its metamorphosis stages, separating the fat prior to the extraction process is crucial. Co-fermentation, a biologically
driven extraction technique, offers a cost-effective, environmentally friendly alternative with potential for high chitin yields. These
findings underscore the potential of BSF as a sustainable chitin source and emphasize the significance of optimizing extraction
processes to produce high-quality chitin and chitosan products. There remains considerable scope for future research, particularly
in areas such as the identification of effective bleaching agents, optimizing conditions for maximum chitin extraction from BSF,
and refining the extraction process to enhance cost-effectiveness.
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1 Introduction

The prominence of non-renewable fossil-based materials
has sparked widespread discussion [1], primarily due to
the inevitable depletion of resources such as natural gas,
crude oil, olefins and aromatics [2, 3]. Consequently, there
is a growing focus on materials derived from biomass
(biobased) for research and development [4]. Biobased
materials are increasingly attractive for research inves-
tigation as they promote sustainability, including the 3R
principles of reusing, reducing, and recycling, while mit-
igating the limitations to fossil-based materials [5, 6].
Their applications span a wide array of sectors, includ-
ing construction materials, bioenergy, and food industries,
among others [7].

One of the versatile biobased materials is chitosan,
which is derived from the deacetylation of chitin [8, 9].
The term "chitin" originates from "tunic", meaning protec-
tive shell [10]. Chitin, the second most common polysac-
charide after cellulose [11], is prevalent in nature, occurring
naturally in the exoskeletons of crustaceans [12], crabs [13],
shrimp [14], and partially in fungi [15]. It is also referred
to as N-acetyl-2-aminocellulose or 2-acetamido-2-deoxy-
cellulose with its formula is [C.H NO,] . The structure of
chitin consists of a series of N-acetyl-pB-glucosaminyl units
joined by S-(1,4) linkages (Fig. 1) [16—18].

Chitin comprises 47.29% carbon, 6.45% hydrogen,
6.89% nitrogen, and 39.37% oxygen. It naturally exists in
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Fig. 1 The structure of chitin

three forms: a-chitin, f-chitin, and p-chitin [19-21]. These
forms differ in the orientation of their microfibrils: a-chi-
tin has an antiparallel chain arrangement, f-chitin has
a parallel chain arrangement, and y-chitin combines both
parallel and antiparallel chains [22]. Chitin is character-
ized by its white, hard, and dense appearance, and it is
a nitrogenous polysaccharide [23]. However, its applica-
bility is limited due to its semi-crystalline structure and
numerous intermolecular hydrogen bonds, which render
it insoluble in most solvents [24].

Meanwhile, chitosan is a derivative obtained through the
deacetylation of chitin (Fig. 2). It is characterized by its bio-
compatibility, biodegradability and non-toxic nature [25].
Typically, chitin undergoes further processing to yield chi-
tosan prior to its application. Chitosan finds wide-ranging
applications across various sectors, such as biomedicine,
antimicrobial agents, and as a hydrating agent [26].

Chitosan possesses significant biomedical applica-
tion [27] owing to its polycationic characteristics [28]
which enable enables the formation of ionic and hydro-
gen bonds with drug molecules [24]. Due to its biocom-
patibility, chitosan serves as an effective drug delivery
system, particularly in topical applications [29]. Notably,
chitosan holds promise in cancer treatment [30], by facil-
itating the targeted delivery of cancer drugs and demon-
strates antiproliferative effects, thereby reducing cell via-
bility. Additionally, chitosan also supports epithelial cell
and collagen regeneration, as well as fibroblast produc-
tion, further augmenting its therapeutic potential [31].

Besides biomedical applications, chitin and chitosan
find widely extensive use as antimicrobial and antifungal
agents [30]. Chitosan, in particular, exhibits antimicrobial
properties due to its positive charge on the C-2 atom in
its glucosamine monomer [32]. These properties are most
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Fig. 2 The structure of chitosan

pronounced under acidic conditions (pH below 6-6.5),
as the solubility of chitosan decreases at higher pH lev-
els [33]. Chitosan can interact with cell membranes, alter-
ing their permeability. Furthermore, its antimicrobial
activity is influenced by factors such as the degree of
chitosan polymerization, environmental conditions, and
medium composition for bacteria/microbes/fungi [32].
Examples of chitosan derivatives for antifungal use include
N-carboxymethyl chitosan (NCMC) [34], and oligomeric
chitosans (pentamer and heptamer) [35]. Chitosan is also
employed as an antifungal agent in agriculture, inhib-
iting fungi like F. oxysporum in soil during seed plant-
ing [36, 37]. For antibacterial applications, chitosan
derivatives such as diethylaminoethyl chitin, diethylam-
inoethyl chitosan, and triethylaminoethyl chitin are com-
monly employed [38, 39]. Notably, triethylaminoethyl chi-
tin inhibits growth and kills bacteria like Staphylococcus
aureus and E. coli within 2 h at a 500 ppm concentra-
tion, showing its ability as rapid bactericidal activity [40].
Furthermore, chitosan is also widely utilized in the cos-
metic industry [41], particularly amidst the growing inter-
est in green cosmetic products [42]. Chitosan can serve
as a versatile material for various cosmetic formulations,
including skin and hair care, moisturizing agents, sun-
screens, and more [43—46].

Most chitin is conventionally sourced from marine
organisms [47]. However, the utilization of chitin derived
from insects, particularly the black soldier fly (BSF), pres-
ents a promising avenue for sustainable chitin sourcing.
The utilization of BSF offers significant advantages as it
enables the straightforward cultivation of insects by con-
verting organic waste into high-value products. Employing
BSF as the primary organism for chitin extraction not
only facilitates the creation of valuable materials but also
addresses pressing environmental concerns. Moreover,
while chitin and chitosan sourced from crustaceans are
extensively utilized worldwide, the availability of crus-
taceans is often seasonal and not consistently reliable.
Consequently, the potential to produce chitin and chitosan
using BSF as the primary material offers an alternative
approach, complementing rather than replacing current
production methods reliant on crustaceans [15]. Therefore,
the potential to produce chitin and chitosan using BSF as
the main material presents an alternative avenue, although
it does not intend to replace current production methods
utilizing crustaceans. Consequently, these production
methods can operate simultaneously to meet the growing
demand for chitosan in the global market in the near future.



In general, the production of chitin entails a multi-stage
process. Initially, the biobased material containing chi-
tin undergoes drying to reduce its moisture content [48].
Subsequently, the material is subjected to demineralization
using acids such as formic acid [49] or HCI [50], with dem-
ineralization typically lasting approximately 1 h. Follow-
ing demineralization, the material is washed to neutral
pH using demineralized water. The demineralized and
dried material is then deproteinized using NaOH [51] or
KOH [52]. The demineralized material is subsequently
deproteinized using NaOH to remove protein present in
the material [47]. Next, the deproteinized material under-
goes further processing called bleaching, involving hydro-
gen peroxide as a bleaching agent. This is followed by
thorough washing and drying [53]. Section 3 will provide
a comprehensive overview of the entire extraction pro-
cess, delving into the intricacies of each stage and their
respective significance in chitin production.

The results of chitin extraction from crustaceans and the
BSF can indeed manifest disparities, as evidenced by recent
research findings. Studies have indicated that the chitin
extraction from the BSF can yield as much as 21.3% from
adult specimens, including dead specimens, surpassing the
yields obtained from certain crustaceans. Moreover, since
chitin can be converted into chitosan, recent discoveries
suggest that the final product derived from BSF chitosan
demonstrates a higher adsorption capacity compared to
chitin from crustaceans [54]. This observation underscores
significant potential for further exploration and potential
industrial-scale production of chitin and chitosan from
the BSF. Understanding why the chitosan product derived
from the BSF demonstrates superior properties compared
to that from crustaceans could herald advancements in chi-
tin and chitosan production processes.

This review paper will delve into the specifics of chitin
extraction from the BSF, providing an introduction to the
BSF and elucidating the primary and additional processes
entailed in extracting chitin from this creature. The BSF
has demonstrated significant chitin potential throughout its
lifecycle. Previous research has extensively analyzed the
surface morphology of chitin from different BSF stages,
revealing varying surface morphology [51]. Specifically,
larvae, prepupae, pupae, shedding, and cocoon materials
exhibited hexagonal honeycomb-like surfaces with vary-
ing hexagon size, whereas the fly material has showcased
irregular surface patterns [51].
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2 BSF overview

2.1 Lifecycle

The BSF, a member of the subfamily Hermetiinae within
the order Diptera, originally hails from the America
and the Neotropics region [55-58]. Notably, BSF larvae
exhibit remarkable capabilities in recycling animal tissue
and processing a diverse array of waste materials, includ-
ing domestic waste, chicken, pig/cow manure, and even
human excreta [58, 59]. Unlike other fly species, BSF is
not attracted to human food or living environments [56].

The BSF undergoes a complete metamorphosis, pro-
gressing through four distinct stages: egg, larva, pupa,
and adult fly [58, 59]. The larval and pupal stages typi-
cally span a longer duration, while the egg and adult fly
stages are relatively shorter [40]. A female adult BSF can
lay approximately 320—620 eggs per day [60], with eggs
hatching within 8-20 h, and the majority hatching within
four days. Interestingly, merely 1 g of fly eggs can yield
30-40 kg of maggots (larvae) [61]. This hatching process
is influenced by relative humidity and temperature levels
in its environment.

Once hatched, a BSF larva begins consuming var-
ious organic materials to fuel its growth. As it devel-
ops, its exoskeleton undergoes a noticeable transforma-
tion, becoming harder, thicker and dark in color. Newly
hatched larvae typically measure between 2 to 5 mm,
with subsequent shedding of their skin. Larvae possess
a mouth at the anterior and an anus at the posterior end,
as well as a respiratory system located at the posterior.
They also feature segmented muscles, a digestive system,
intestines, and a pair of salivary glands situated between
the head and tail regions. Larvae continue to molt as
they reach lengths of 10 mm and 15-20 mm. Upon com-
pleting their final molt, larvae transition to the pupal
stage [62, 63]. Pupation usually takes 4 days, depend-
ing upon ambient temperature. Pupae have a hard outer
skin known as puparium. The transformation from pupae
to adult flies typically takes 4—-6 days. Newly emerged
adult flies lack mouths and digestive systems, resulting
in a markedly short lifespan [64]. Flies possess antennae
consisting of 8 flagellomeres, with their longest part [65].
They engage in activities such as flying, mating, and
egg-laying. Typically, flies are often kept in mesh cages
ranging from 4 to 20 m?, providing access to sunlight/LED
lighting and plants. Their lifespan typically ranges
between 6—8 days, although this duration may decrease
in unsupportive environmental conditions [40].
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It is crucial to highlight the remarkable breeding capabili-
ties of the BSF. This species reproduces rapidly and requires
minimal space for breeding. Moreover, their food source can
be obtained from abundant organic waste, which is often
readily available at low cost or even for free. Establishing
a suitable breeding environment for BSFs is relatively
straightforward, with the primary requirement being to
ensure that the environment meets the specific needs of each
life stage of the BSF. The unused byproducts of BSF pro-
duction, such as cocoons or sheddings, contain a substan-
tial amount of chitin derived from their exoskeletons. These
byproducts are plentiful due to the rapid reproduction rate
of BSF. In comparison, materials sourced from crustaceans
are noted for their somewhat seasonal production, limiting
their availability to certain months. Conversely, BSF can
thrive year-round without the need to wait for specific sea-
sons. This continuous availability makes BSF a reliable and
sustainable source for chitin extraction, offering significant
advantages over traditional sources.

2.2 BSF compositions

Throughout the BSF life stages, they contain various com-
ponents such as protein, fat, fiber, carbon/ash, and chi-
tin. Chitin, found predominantly in their exoskeletons,
can constitute up to 35% of the material extracted from
this part of the BSF [66, 67]. The composition of a BSF
fly is presented in Table 1 [68]. Research conducted by
Soetemans et al. analyzed chitin content at different BSF
life cycle stages, with a comparative analysis presented
in Table 2 [51]. Based on the composition data, the fly

Table 1 Composition of BSF in dry basis [68]

Parameter Value (g kg™) Composition (%)
Crude protein 431 453
Crude fat 386 40.5
Crude fiber 41 43

Ash 27 2.8

Chitin 67 7.1

Table 2 Chitin composition in various stages of BSF life cycle on
a dry basis [51]

Life stages Chitin (%) Chitin (%)™
Larvae 9.5 7.8
Prepupae 9.1 10.9
Pupae 10.3 10.7
Fly 5.6 8.4
Shedding 31.1 23.7
Cocoon 23.8 22.4

“ Chitin from the gravimetric method
“* Chitin from glucosamine measurement

and pupal stages of the BSF have significant potential for
yielding chitin compounds. While the larval and prepupal
stages contain chitin, it is in comparatively lower quan-
tities. The shedding (molted larval skin) and the cocoon
(hard pupal covering) have the highest chitin content.
Due to their compositions, particularly the high protein
content (approximately 32—44%), BSF prepupae are often
used as animal feed [63].

3 BSF chitin extraction

3.1 Pre-treatment

The pre-treatment process is crucial for optimizing the chi-
tin extraction from the BSF. Various pre-treatment meth-
ods have been explored to enhance the efficiency and yield
of chitin extraction. These methods typically involve size
reduction (grinding) and drying. Researchers employed
a drying process at 105 °C for 48 h for BSF material [51].
The dried particles were subsequently crushed with a mor-
tar and passed through a wire mesh, resulting in the fol-
lowing particle size distribution as follows: 25% > 2 mm,
49% between 2 and 1 mm, 17% between 1 and 0.5 mm,
and 9% < 0.5 mm, corresponding to a mesh range of
approximately 8-32 mesh [51]. In contrast, Guarnieri et al.
dried BSF material at 60 °C for 48 h, then finely ground
it with a laboratory blender before being used for chitin
extraction [49]. Similarly, by Triunfo et al., drying was
conducted at 60 °C for 24—48 h for both cocoon and BSF
materials. The dried material was subsequently crushed
using a mortar [53]. Meanwhile, Khayrova et al. adjusted
the particle size of BSF-based material to a finer range of
35-70 mesh before using it for the extraction process [52].
Due to its size, the yield from Khayrova et al. [52] is higher
than that from Soetemans et al. [51], reaching approxi-
mately 57% with a 35-70 mesh. However, it is important to
note that the result from Khayrova et al. [52] was achieved
without a defatting process. Accounting for defatting, the
chitin yield would be around 17-19%.

3.2 Demineralization

The demineralization method is a crucial step in the
extraction process aimed at removing inorganic materials,
particularly calcium carbonate, from the chitin-contain-
ing material [48]. This step can be accomplished through
either chemical or biological methods [50]. Chemically,
demineralization is typically achieved using acids such as
HCI, formic acid, H,SO,, HNO,, or acetic acid. In a stan-
dard chemical demineralization process, the chitin-con-
taining material is mixed with 1 M HCl at a 1:10 (w/v) ratio



and stirred for 1 h at 30 °C. Following this step, the demin-
eralized solid material is thoroughly washed with deion-
ized water until it reaches a neutral pH [51]. The chemical
demineralization process is illustrated in Fig. 3.

In a biological approach to demineralization, lactic
acid bacteria are employed to remove inorganic materials
from chitin-containing substrates. Commonly used strains
include Lactobacillus plantarum, Lactobacillus acidoph-
ilus and Lactobacillus rhamnosus [69]. The biological
demineralization process commences with the incubation
of a fermentative culture medium (sample, water, and bac-
terial broth) for 7 days at 30 °C under environmental con-
ditions of 5% CO,. Afterward, the fermentative culture
medium is centrifuged at 3000 rpm for 5 min to separate
the solid from the liquid medium. The remaining solids are
then washed with deionized water until achieving a neu-
tral pH [69], similar to the chemical approach. The biolog-
ical demineralization process is illustrated in Fig. 4.

The success of the demineralization process is eval-
uated through ash content analysis, which measures the
amount of inorganic material remaining after the chitin
is degraded at high temperatures. Demineralized products
typically have an ash content of around 31-36% [21]. This
process is crucial as it directly impacts the quality of the
subsequent chitosan product; residual inorganic material
can significantly affect the viscosity and solubility of chi-
tosan [48].
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Researchers have employed various factors, such
as solid-to-acid ratio, demineralization time, and type
of acid used to optimize the demineralization process.
For instance, Soetemans et al. [51] utilized a solid-to-lig-
uid ratio of 1:10 and 1 M HCI to demineralize BSF cocoon,
larva, and fly materials. Marei et al. [48], on the other
hand, employed a solid-to-liquid ratio of 1:15 and 1 M HCI.
Sagheer et al. [50] utilized a solid-to-liquid ratio of 1:40
and experimented with HCI concentrations ranging from
0.25 to 3 M. Triunfo et al. [53] opted for formic acid for
demineralization. Additionally, Khayrova et al. [70] uti-
lized a 1% HCI concentration for demineralization with
a solid-to-liquid ratio of 1:10 (w/v), resulting in a 74%
demineralization yield. These variations in demineraliza-
tion parameters underscore the flexibility and potential
for optimization in the demineralization process, allowing
researchers to tailor the method to specific research objec-
tives and material characteristics.

3.3 Deproteinization

The deproteinization method constitutes a critical series of
chitin extraction steps, aimed at removing proteins from the
chitin-containing material [53]. This step can be achieved
through either chemical or biological methods [50].
Chemically, deproteinization is typically performed using
bases such as NaOH and KOH [70]. The deproteinization
process involves stirring the chitin-containing material

r Distilled Water
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< o P N -
Dried Demineralized
I . I I . I Product
Demineralization Washing

Fig. 3 Demineralization through chemical ways
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Fig. 4 Demineralization through biological ways
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(which can also be solid material from demineralization)
mixed with 1 M NaOH at a 1:25 (w/v) ratio for 1 h at
80 °C [51]. Subsequently, the solid material is washed until
it reaches a neutral pH using 96% ethanol and deionized
water [51]. This chemical deproteinization process ensures
the removal of proteins, enhancing the purity of the extracted
chitin. The procedure is illustrated in Fig. 5.

Biological methods for deproteinization utilize microor-
ganisms to break down and remove proteins. These methods
are more environmentally friendly but may require longer
processing times compared to chemical methods. Protease-
producing bacteria can be used for deproteinization pro-
cess, include Pseudomonas aeruginosa, Pseudomonas
maltophilia, Serratia marcescens and Bacillus subtilis [71].
The biological deproteinization starts with a fermentation
process of the mixture (sample, sugar solution, and bac-
terial broth/inoculum) for 7 days at 30 °C with a shaking
speed of 180 rpm [71]. The biological deproteinization pro-
cess is depicted in Fig. 6.

The deproteinization process, a crucial step in chitin
extraction, varies significantly across different studies in
terms of solid-to-liquid ratio, deproteinization time, pro-
cess temperature, and the type of base used. For instance,
Soetemans et al. [51] used a solid-to-liquid ratio of 1:25
with 1 M NaOH (80 °C; 1 h) to deproteinize BSF cocoon,
larva, and fly materials. Marei et al. [48] performed
deproteinization using 1 M NaOH (100 °C; 8 h). Sagheer

Natirum hidroxide
M

Stirring at 80°C

et al. [50] utilized a solid-to-liquid ratio of 1:20 with 1 M
NaOH (70 °C; 1 day). Khayrova et al. [52] employed KOH
for deproteinization and achieved a 77% deproteinization
yield. These variations underscore the adaptability and
optimization potential of the deproteinization process,
which can be tailored to specific research objectives and
material characteristics.

Indeed, an increasingly favored approach in chitin
extraction is the shift towards environmentally friendly
techniques, particularly those utilizing microorganisms.
This transition is driven by the negative environmental
impacts associated with chemical processes, which often
leave residual chemicals harmful to the environment
and entail additional costs for chemical procurement.
Moreover, since chitin derivatives are extensively used in
medicine and cosmetics, the presence of chemical residues
can significantly compromise the quality and safety of the
final products. Therefore, microbial-based techniques not
only enhance environmental sustainability but also ensure
the integrity and suitability of chitin derivatives for medi-
cal and cosmetic applications.

One promising approach developed by Xiong et al.
involves utilizing of Acetobacter pasteurianus AS1.41 and
Bacillus subtilis S4 to remove minerals and proteins from
samples [66]. This microbial-based method offers poten-
tial advantages in terms of economic viability and envi-
ronmental friendliness in the long term. The observed
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chitin yield, ranging from 47.31 to 59.9% [66], reflects the
effectiveness of this approach. However, a notable draw-
back of this extraction method is the time required to
obtain the chitin, which typically spans roughly five days.
Despite these limitations, the overall benefits in terms of
sustainability and efficiency make microbial-based tech-
niques giving an attractive option for chitin extraction.

3.4 Bleaching (depigmentation)

Bleaching, also referred to as depigmentation, is an essen-
tial step in chitin extraction aimed at removing pigments
from insect exoskeletons. The pigmentation in insects,
including the BSF, is primarily due to melanins and
ommochromes. Melanins in BSF are classified based on
their water solubility, typically eumelanins or semiqui-
nones in nature [72—74]. Ommochromes, characterized by
a phenoxazine structure, are another significant group of
pigments found in BSF, categorized further into dimers
and oligomers of kynurenine. These pigments not only
determine the coloration of BSF but also hold potential as
renewable pigment sources for future applications [75, 76].

The necessity of a bleaching step in chitin extraction
depends on the desired color of the final product [77].
Several methods can be employed for the bleaching pro-
cess, with many of them utilize different biomass exclud-
ing BSF. These methods include the use of compounds
such as acetone and ethanol mixture [78, 79], chloro-
form plus alcohol solutions [21, 80-82], PO, [77, 83, 84],
KMnO, [85-90], oxalic acid [85, 91, 92], NaClO [78, 79,
93-95], H,0, [14, 47, 53, 96-101], and H,O, with added
NaOH [102] or make use of a solvent such as ace-
tone [78, 103] or ethyl acetate [14].

In research focusing on chitin extraction from BSF,
the use of bleaching methods has been relatively limited.
H,O, has been used as a bleaching agent to produce chi-
tin on the BSF [98]. For example, a 3% of H,O, was put
into the bleaching process in 90 °C for 60 min, resulting
in a significantly whiter chitin compared to methods using

Hydrogen Peroxide
I 5%

Stirring at

certain temperature
‘ — — —

Bleaching
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microbes. Attempts to introduce additional agents such as
MgSO, and NaOH at varying temperatures yielded similar
color outcomes to those achieved using only H,O,. Another
study used 30% of H,O, for 48 h, with no report about the
color change from pupal shell to chitin. An analysis of
unbleached and bleached chitin was made in Hermetia illu-
cens using 5% (v/v) H,O, for approximately 30-60 min of
bleaching while the temperature was 90 °C, showing that
bleaching significantly improved the color of chitin and
chitosan, transforming them from dark brown (attributed to
the physical characteristics of the larvae, pupal exuviae and
dead adults) to white and colorless. Importantly, the yield of
decolorization remained unchanged, as confirmed through
characterization analyses using Fourier-Transform Infrared
Spectroscopy (FTIR) and X-Ray Diffraction (XRD) [53].

The decolorization, or bleaching, process of chitin
extracted from BSF typically involves treating the chitin
obtained from demineralization and deproteinization with
a solution of H,O, at a specific concentration. This step
usually takes around 1 h to 48 h, depending on the color
requirement for the chitosan product. After this process, the
bleached chitin is filtered, washed with distilled water to
remove the impurities and H,0, and dried at 60 °C to obtain
chitin with reduced coloration. A schematic depiction of the
bleaching process can be seen in Fig. 7.

To date, research efforts concerning different bleach-
ing agents and optimizing the bleaching process for chi-
tin extraction have been scarce. While H,0, is commonly
used for bleaching chitin, its high-temperature require-
ments can result in decomposition into other chemical
substances [104]. Therefore, new research efforts should
consider varying the temperature to investigate its influ-
ence on the color and structure of chitin post-extraction.
Moreover, the bleaching process effect on proximate anal-
ysis, including lipids, proteins, or ash content, may vary
based on the processing step or temperature variations.
Additionally, simultaneous bleaching with other proce-
dures, such as the deproteinization process, could optimize

l_ Distilled Water

Dried Bleached Products

Washing

Fig. 7 Bleaching process for chitin extraction
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the overall extraction process. This approach is supported
by with previous research that utilized NaOH as an addi-
tional chemical substance in the H,O, system [102]. These
considerations can enhance the efficiency and effectiveness
of chitin extraction processes while minimizing potential
drawbacks associated with high-temperature bleaching.

3.5 Defatting

In the larval stage of the BSF, conducting a defatting treat-
ment prior to chitin extraction is essential to prevent poten-
tial interference with the subsequent deproteinization pro-
cess. This precaution is particularly crucial due to the
saponification reaction that occurs between alkali agents
used in the chemical deproteination process and fats pres-
ent in the material. Consequently, most researchers pri-
oritize defatting as a preparatory step before deprotein-
ization to ensure optimal results. Defatting involves the
extraction of fat from the BSF material, with the extracted
fat serving various purposes or contributing to enhanc-
ing chitin purity before or after extraction. Several defat-
ting methodologies are employed in chitin extraction pro-
cesses. One approach involves utilizing KOH and NaOH,
which can concurrently facilitate defatting and depro-
teinization. However, adjustments are often necessary to
optimize the deproteination process in such cases [105].
Alternatively, lipid extraction can occur just before the
primary chitin extraction process (demineralization and
deproteinization). Common solvents such as ethanol [106],
hexane [107] or petroleum ether [72] offer options for lipid
extraction, albeit with safety considerations due to flam-
mability and toxicity, particularly hexane or petroleum
ether. Furthermore, employing a supercritical method
presents another viable option for defatting. For instance,
supercritical carbon dioxide has been utilized for this
purpose, involving a 2 h treatment under high pressure
(372 bar) at 65 °C [108].

3.6 The sequential step for extraction

As mentioned in Section 2.2, the BSF exhibits varying
compositions of fat, protein, ash, and color throughout its
life cycle. It is necessary to ensure the attainment of satis-
factory chitin quality, the optimization of processes such as
demineralization, deproteinization, defatting, or bleaching,
particularly in their sequence. Several studies have been
conducted to explore and refine these processes to enhance
chitin extraction efficiency. One such study adopted a sys-
tematic approach to extract fat from BSF larvae, prepupae,

and pupae, followed by protein separation [109]. This sep-
aration yielded solids that could be further demineralized
and deproteinized to obtain chitin from larvae, prepupae,
and pupae, respectively, at 3.85%, 4.72%, and 6.31% per
dry biomass weight. In addition, research by Pedrazzani
et al. [110] focused on chitin extraction from BSF larvae
and puparia, employing both enzymatic and chemical pro-
cesses. The study explored variations in process repetition,
combinations of enzymatic and chemical methods, and the
inclusion of initial mechanical or ultrasonication treatments.
The results revealed varying chitin yields across different
extraction methodologies, with the highest yield achieved
through a two-stage chemical extraction process combined
with enzymatic extraction (referred to as three-stage chem-
ical and enzymatic extraction), yielding 77.9 g/100 g of dry
matter extract on a proximate basis. Consequently, these
findings underscore the importance of selecting appropriate
process treatments to optimize chitin production from BSF.
The diverse outcomes observed across different extraction
methodologies highlight the potential for further refinement
and optimization, offering promising avenues for future
research in enhancing chitin extraction efficiency from
BSF. To date, state of the art of chitin extraction from BSF
in any life-stages treatment can be seen in Table A1 [S1, 52,
54, 66, 70, 72, 98, 99, 108, 109, 111-123].

4 Conclusion and future research

BSFs represent a valuable resource for the extraction
of chitin, which can be further processed into chitosan.
Chitin content is found throughout the life cycle of black
soldier flies, so it can be said that BSF is a source of chi-
tin that is cheap and easy to obtain. Demineralization and
deproteinization are two typical techniques used to extract
chitin from various sources. However, when it comes to
BSF, additional steps such as degreasing and decoloriza-
tion are necessary to ensure the chitosan product meets the
desired standards.

Future research in this area focuses on optimizing the
chitin extraction process by determining the most effec-
tive sequence of steps, the possibility of combining cer-
tain processes, and exploring low-energy methods or
the transition from chemical to biological techniques.
This shows a shift towards more sustainable and envi-
ronmentally friendly extraction methods. By perfecting
and optimizing the chitin extraction process from BSF,
the development of chitosan-based products will have the
opportunity to develop further.



Acknowledgement

We extend our sincere thanks to all who contributed to
this work. The parties involved include Direktorat Riset,
Teknologi, dan Pengabdian Kepada Masyarakat, Direktorat
Jenderal Pendidikan Tinggi, Riset, dan Teknologi, Kemen-
terian Pendidikan, Kebudayaan, Riset, dan Teknologi

References

[1]  Purkait, M. K., Haldar, D. "Chapter 1 - Introduction to lignocel-
lulosic biomass and its potential", In: Lignocellulosic Biomass to
Value-Added Products: Fundamental Strategies and Technological
Advancements, Elsevier, 2021, pp. 1-15. ISBN 978-0-12-823534-8
https://doi.org/10.1016/B978-0-12-823534-8.00002-8

[2]  Speight, J. G. "Handbook of Industrial Hydrocarbon Processes",
Gulf Professional Publishing, 2020. ISBN 978-0-12-809923-0
https://doi.org/10.1016/C2015-0-06314-6

[3] Carlsson, A. S., Yilmaz, J. L., Green, A. G., Stymne, S., Hofvander, P.
"Replacing fossil oil with fresh oil — with what and for what?",
European Journal of Lipid Science and Technology, 113(7), pp. 812—
831,2011.
https://doi.org/10.1002/ej1t.201100032

[4] Yadav, M., Agarwal, M. "Biobased building materials for sus-
tainable future: An overview", Materials Today: Proceedings, 43,
pp. 2895-2902, 2021.
https://doi.org/10.1016/j.matpr.2021.01.165

[5] Sadiku, M. N. O. "Green Chemistry and Engineering", In: Emerg-
ing Green Technologies, CRC Press, 2020, pp. 17-28. ISBN
9780429344213
https://doi.org/10.1201/9780429344213-3

[6] Purkait, M. K., Haldar, D. "Lignocellulosic Biomass to Value-
Added Products: Fundamental Strategies and Technological
Advancements", Elsevier, 2021. ISBN 9780128235348

[71 Singh, S. P, Ekanem, E., Wakefield, T., Comer, S. "Emerging
Importance of Bio-Based Products and Bio-Energy in the U.S.
Economy: Information Dissemination and Training of Students",
International Food and Agribusiness Management Review, 5(3),
pp. 1-15,2003.

[8] Mohammed, M. A., Syeda, J. T. M., Wasan, K. M., Wasan, E. K.
"An Overview of Chitosan Nanoparticles and Its Application in
Non-Parenteral Drug Delivery", Pharmaceutics, 9(4), 53, 2017.
https://doi.org/10.3390/pharmaceutics9040053

[9] Pongprayoon, W., Siringam, T., Panya, A., Roytrakul, S.
"Application of Chitosan in Plant Defense Responses to Biotic
and Abiotic Stresses", Applied Science and Engineering Progress,
15(1), pp. 1-10, 2022.
https://doi.org/10.14416/j.asep.2020.12.007

[10] Daraghmeh, N. H., Chowdhry, B. Z., Leharne, S. A., Al Omari,
M. M., Badwan, A. A. "Chapter 2 — Chitin", Profiles of Drug
Substances, Excipients and Related Methodology, 36, pp. 35102,
2011.
https://doi.org/10.1016/B978-0-12-387667-6.00002-6

[11] Rolandi, M., Rolandi, R. "Self-assembled chitin nanofibers and
applications", Advances in Colloid and Interface Science, 207,
pp. 216-222, 2014.
https://doi.org/10.1016/j.cis.2014.01.019

Witono et al. | 5/' 5
Period. Polytech. Chem. Eng., 68(3), pp. 507-522, 2024

Republik Indonesia through Hibah Penelitian Fundamental
Reguler 2023 and Research and Community Service
Institutions (LPPM, Parahyangan Catholic University),
which have funded this research. Also, to Mr. Frank
Landsman as the proofreader of this article, Elvina Loice and
Jonathan Aditya Halim for collecting the data.

[12] TIber, B. T., Kasan, N. A., Torsabo, D., Omuwa, J. W. "A Review
of Various Sources of Chitin and Chitosan in Nature", Journal of
Renewable Materials, 10(4), pp. 1097-1123, 2022.
https://doi.org/10.32604/jrm.2022.018142

[13] Hamed, L., Ozogul, F., Regenstein, J. M. "Industrial applications
of crustacean by-products (chitin, chitosan, and chitooligosac-
charides): A review", Trends in Food Science & Technology, 48,
pp. 40-50, 2016.
https://doi.org/10.1016/j.tifs.2015.11.007

[14] Synowiecki, J., Al-Khateeb N. A. "Production, Properties, and
Some New Applications of Chitin and Its Derivatives", Critical
Reviews in Food Science and Nutrition, 43(2), pp. 145-171, 2003.
https://doi.org/10.1080/10408690390826473

[15] Hahn, T., Tafi, E., Paul, A., Salvia, R., Falabella, P., Zibek, S.
"Current state of chitin purification and chitosan production from
insects", Journal of Chemical Technology and Biotechnology,
95(11), pp. 2775-2795, 2020.
https://doi.org/10.1002/jctb.6533

[16] Qin, Z., Zhao, L. "The History of Chito/Chitin Oligosaccharides
and Its Monomer", In: Zhao, L. (ed.) Oligosaccharides of Chitin
and Chitosan: Bio-manufacture and Applications, Springer
Singapore, 2019, pp. 3—14. ISBN 978-981-13-9401-0
https://doi.org/10.1007/978-981-13-9402-7 1

[17] Kobayashi, S., Makino, A., Matsumoto, H., Kunii, S., Ohmae, M.,
Kiyosada, T., Makiguchi, K., Matsumoto, A., Horie, M., Shoda,
S.-I. "Enzymatic Polymerization to Novel Polysaccharides Having
a Glucose-N-acetylglucosamine Repeating Unit, a Cellulose—Chitin
Hybrid Polysaccharide", Biomacromolecules, 7(5), pp. 16441656,
2006.
https://doi.org/10.1021/bm060094q

[18] Witono, J. R. B. "Sisi Ilmiah MAGGOT - Black Soldier Fly
larvae (BSF; Hermetia illucens)", Deepublish, 2023. ISBN
978-623-02-6492-4

[19] Minke, R. Blackwell, J. "The structure of a-chitin", Journal of
Molecular Biology, 120(2), pp. 167-181, 1978.
https://doi.org/10.1016/0022-2836(78)90063-3

[20] Gardner, K. H., Blackwell, J. "Refinement of the structure of B-chi-
tin", Biopolymers, 14(8), pp. 1581-1595, 1975.
https://doi.org/10.1002/bip.1975.360140804

[21] Kaya, M., Baran, T. "Description of a new surface morphology
for chitin extracted from wings of cockroach (Periplaneta amer-
icana)", International Journal of Biological Macromolecules, 75,
pp. 7-12, 2015.
https://doi.org/10.1016/j.ijbiomac.2015.01.015


https://doi.org/10.1016/B978-0-12-823534-8.00002-8
https://doi.org/10.1016/C2015-0-06314-6
https://doi.org/10.1002/ejlt.201100032
https://doi.org/10.1016/j.matpr.2021.01.165
https://doi.org/10.1201/9780429344213-3
https://doi.org/10.3390/pharmaceutics9040053
https://doi.org/10.14416/j.asep.2020.12.007
https://doi.org/10.1016/B978-0-12-387667-6.00002-6
https://doi.org/10.1016/j.cis.2014.01.019
https://doi.org/10.32604/jrm.2022.018142
https://doi.org/10.1016/j.tifs.2015.11.007
https://doi.org/10.1080/10408690390826473
https://doi.org/10.1002/jctb.6533
https://doi.org/10.1007/978-981-13-9402-7_1
https://doi.org/10.1021/bm060094q
https://doi.org/10.1016/0022-2836(78)90063-3
https://doi.org/10.1002/bip.1975.360140804
https://doi.org/10.1016/j.ijbiomac.2015.01.015

5/] 6 Witono et al.
Period. Polytech. Chem. Eng., 68(3), pp. 507-522, 2024
[22] Kaya, M., Lelesius, E., Nagrockaite, R., Sargin, L., Arslan, G., Mol,

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

A., Baran, T., Can, E., Bitim, B. "Differentiations of Chitin Content
and Surface Morphologies of Chitins Extracted from Male and
Female Grasshopper Species", PLoS ONE, 10(1), 0115531, 2015.
https://doi.org/10.1371/journal.pone.0115531

Seoudi, R., Nada, A. M. A. "Molecular structure and dielectric
properties studies of chitin and its treated by acid, base and hypo-
chlorite", Carbohydrate Polymers, 68(4), pp. 728—733, 2007.
https://doi.org/10.1016/j.carbpol.2006.08.009

Baharlouei, P., Rahman, A. "Chitin and Chitosan: Prospective
Biomedical Applications in Drug Delivery, Cancer Treatment, and
Wound Healing", Marine Drugs, 20(7), 460, 2022.
https://doi.org/10.3390/md20070460

Parhi, R. "Drug delivery applications of chitin and chitosan:
a review", Environmental Chemistry Letters, 18(3), pp. 577-594,
2020.

https://doi.org/10.1007/s10311-020-00963-5

Elieh-Ali-Komi, D., Hamblin, M. R. "Chitin and Chitosan: Pro-
duction and Application of Versatile Biomedical Nanomaterials",
International Journal of Advanced Research, 4(3), pp. 411-427,
2016.

Anitha, A., Sowmya, S., Kumar, P.T. S., Deepthi, S., Chennazhi,
K. P., Ehrlich, H., Tsurkan, M., Jayakumar, R. "Chitin and chitosan
in selected biomedical applications", Progress in Polymer Science,
39(9), pp. 1644-1667, 2014.
https://doi.org/10.1016/j.progpolymsci.2014.02.008

Wadhwa, S., Paliwal, R., Rai Paliwal, S., Vyas, S. P. "Chitosan
and its Role in Ocular Therapeutics", Medicinal Chemistry, 9(14),
pp. 1639-1647, 2009.

https://doi.org/10.2174/138955709791012292

Alonso, M. J., Sanchez, A. "The potential of chitosan in ocular
drug delivery", Journal of Pharmacy and Pharmacology, 55(11),
pp. 1451-1463, 2003.

https://doi.org/10.1211/0022357022476

Mangalathillam, S., Rejinold, N. S., Nair, A., Lakshmanan, V.-K.,
Nair, S. V., Jayakumar, R. "Curcumin loaded chitin nanogels for
skin cancer treatment via the transdermal route", Nanoscale, 4(1),
pp. 239-250, 2012.

https://doi.org/10.1039/cInr11271f

Rabea, E. 1., Badawy, M. E.-T., Stevens, C. V., Smagghe, G.,
Steurbaut, W. "Chitosan as Antimicrobial Agent: Applications and
Mode of Action", Biomacromolecules, 4(6), pp. 1457-1465, 2003.
https://doi.org/10.1021/bm034130m

Tharanathan, R. N., Kittur, F. S. "Chitin — The Undisputed
Biomolecule of Great Potential", Critical Reviews in Food Science
and Nutrition, 43(1), pp. 61-87, 2003.
https://doi.org/10.1080/10408690390826455

Gagné, N. "Production of chitin and chitosan from crustacean
waste and theiruse as a food processing aid", MSc Thesis, McGill
University, 1993.

Antony, 1. R., Jayakumar, R. "Introductory Aspects of Car-
boxymethyl Chitosan Derivatives", In: Jayakumar, R. (ed.) Mul-
tifaceted Carboxymethyl Chitosan Derivatives: Properties and
Biomedical Applications, Springer Cham, 2023, pp. 1-17. ISBN
978-3-031-44099-1

https://doi.org/10.1007/12_2023 148

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Kendra, D. F., Hadwiger, L. A. "Characterization of the smallest
chitosan oligomer that is maximally antifungal to Fusarium solani
and elicits pisatin formation in Pisum sativum", Experimental
Mycology, 8(3), pp. 276281, 1984.
https://doi.org/10.1016/0147-5975(84)90013-6

Bhaskara Reddy, M. V., Arul, J., Angers, P., Couture, L. "Chitosan
Treatment of Wheat Seeds Induces Resistance to Fusarium gram-
inearum and Improves Seed Quality", Journal of Agricultural and
Food Chemistry, 47(3), pp. 1208—1216, 1999.
https://doi.org/10.1021/jf981225k

Lipsa, F.-D., Ursu, E.-L., Ursu, C., Ulea, E., Cazacu, A. "Evaluation of
the Antifungal Activity of Gold-Chitosan and Carbon Nanoparticles
on Fusarium oxysporum", Agronomy, 10(8), 1143, 2020.
https://doi.org/10.3390/agronomy10081143

Kurita, K., Koyama, Y., Inoue, S., Nishimura, S. "((Diethylamino)
ethyl)chitins: Preparation and Properties of Novel Aminated Chitin
Derivatives", Macromolecules, 23(11), pp. 2865-2869, 1990.
https://doi.org/10.1021/ma00213a008

Kim, J. H., Lee, Y. M. "Synthesis and properties of diethylamino-
ethyl chitosan", Polymer, 34(9), pp. 1952-1957, 1993.
https://doi.org/10.1016/0032-3861(93)90441-C

Singh, A., Kumari, K. "An inclusive approach for organic waste
treatment and valorisation using Black Soldier Fly larvae: A review",
Journal of Environmental Management, 251, 109569, 2019.
https://doi.org/10.1016/j.jenvman.2019.109569

Aranaz, 1., Acosta, N., Civera, C., Elorza, B., Mingo, J.,
Castro, C., Gandia, M. D. I. L., Heras Caballero, A. "Cosmetics
and Cosmeceutical Applications of Chitin, Chitosan and Their
Derivatives", Polymers, 10(2), 213, 2018.
https://doi.org/10.3390/polym10020213

Guzman, E., Ortega, F., Rubio, R. G. "Chitosan: A Promising
Multifunctional Cosmetic Ingredient for Skin and Hair Care",
Cosmetics, 9(5), 99, 2022.
https://doi.org/10.3390/cosmetics9050099

Benabid, F. Z., Zouai, F. "Natural Polymers: Cellulose, Chitin,
Chitosan, Gelatin, Starch, Carrageenan, Xylan and Dextran",
Algerian Journal of Natural Products, 4(3), pp. 348-357, 2016.
Madera-Santana, T. J., Herrera-Méndez, C. H., Rodriguez-Nuiiez,
J. R. "An overview of the chemical modifications of chitosan and
their advantages", Green Materials, 6(4), pp. 131-142, 2018.
https://doi.org/10.1680/jgrma.18.00053

Bansal, V., Sharma, P. K., Sharma, N., Pal, O. P., Malviya, R.
"Applications of Chitosan and Chitosan Derivatives in Drug
Delivery", Advances in Biological Research, 5(1), pp. 28-37, 2011.
Gomaa, Y. A., El-Khordagui, L. K., Boraei, N. A., Darwish, I. A.
"Chitosan microparticles incorporating a hydrophilic sunscreen
agent", Carbohydrate Polymers, 81(2), pp. 234-242, 2010.
https://doi.org/10.1016/j.carbpol.2010.02.024

Zargar, V., Asghari, M., Dashti, A. "A Review on Chitin and
Chitosan Polymers: Structure, Chemistry, Solubility, Derivatives,
and Applications", ChemBioEng Reviews, 2(3), pp. 204-226, 2015.
https://doi.org/10.1002/cben.201400025


https://doi.org/10.1371/journal.pone.0115531
https://doi.org/10.1016/j.carbpol.2006.08.009
https://doi.org/10.3390/md20070460
https://doi.org/10.1007/s10311-020-00963-5
https://doi.org/10.1016/j.progpolymsci.2014.02.008
https://doi.org/10.2174/138955709791012292
https://doi.org/10.1211/0022357022476
https://doi.org/10.1039/c1nr11271f
https://doi.org/10.1021/bm034130m
https://doi.org/10.1080/10408690390826455
https://doi.org/10.1007/12_2023_148
https://doi.org/10.1016/0147-5975(84)90013-6
https://doi.org/10.1021/jf981225k
https://doi.org/10.3390/agronomy10081143
https://doi.org/10.1021/ma00213a008
https://doi.org/10.1016/0032-3861(93)90441-C
https://doi.org/10.1016/j.jenvman.2019.109569
https://doi.org/10.3390/polym10020213
https://doi.org/10.3390/cosmetics9050099
https://doi.org/10.1680/jgrma.18.00053
https://doi.org/10.1016/j.carbpol.2010.02.024
https://doi.org/10.1002/cben.201400025

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

(571

(58]

Marei, N. H., El-Samie, E. A., Salah, T., Saad, G. R., Elwahy,
A. H. M. "Isolation and characterization of chitosan from differ-
ent local insects in Egypt", International Journal of Biological
Macromolecules, 82, pp. 871-877, 2016.
https://doi.org/10.1016/j.ijbiomac.2015.10.024

Guarnieri, A., Triunfo, M., Scieuzo, C., lanniciello, D., Tafi, E.,
Hahn, T., Zibek, S., Salvia, R., De Bonis, A., Falabella, P.
"Antimicrobial properties of chitosan from different developmen-
tal stages of the bioconverter insect Hermetia illucens", Scientific
Reports, 12(1), 8084, 2022.
https://doi.org/10.1038/s41598-022-12150-3

Sagheer, F. A. A., Al-Sughayer, M. A., Muslim, S., Elsabee, M. Z.
"Extraction and characterization of chitin and chitosan from
marine sources in Arabian Gulf", Carbohydrate Polymers, 77(2),
pp. 410-419, 2009.
https://doi.org/10.1016/j.carbpol.2009.01.032
Soetemans, L., Uyttebroek, M., Bastiaens, L. "Characteristics
of chitin extracted from black soldier fly in different life stages",
International Journal of Biological Macromolecules, 165, pp. 3206—
3214, 2020.

https://doi.org/10.1016/j.ijbiomac.2020.11.041

Khayrova, A., Lopatin, S., Varlamov, V. "Obtaining Chitin/
Chitosan-Melanin Complexes from Black Soldier Fly Hermetia
Illucens", 10P Conference Series: Materials Science and
Engineering, 809(1), 012020, 2020.
https://doi.org/10.1088/1757-899X/809/1/012020

Triunfo, M., Tafi, E., Guarnieri, A., Salvia, R., Sciecuzo, C.,
Hahn, T., Zibek, S., Gagliardini, A., Panariello, L., Coltelli, M. B.,
De Bonis, A., Falabella, P. "Characterization of chitin and chitosan
derived from Hermetia illucens, a further step in a circular econ-
omy process", Scientific Reports, 12(1), 6613, 2022.
https://doi.org/10.1038/s41598-022-10423-5

Antonov, A., Ivanov, G., Pastukhova, N., Bovykina, G. "Production
of chitin from dead Hermetia Illucens", IOP Conference Series:
Earth and Environmental Science, 315(4), 042003, 2019.
https://doi.org/10.1088/1755-1315/315/4/042003

Diener, S., Studt Solano, N. M., Roa Gutiérrez, F., Zurbriigg, C.,
Tockner, K. "Biological Treatment of Municipal Organic Waste
using Black Soldier Fly Larvae", Waste and Biomass Valorization,
2(4), pp- 357-363, 2011.

https://doi.org/10.1007/s12649-011-9079-1

Newton, G. L., Sheppard, D. C., Watson, D. W., Burtle, G. J.,
Dove, C. R., Tomberlin, J. K., Thelen, E. E. "The Black Soldier Fly,
Hermetia Illucens, as a Manure Management / Resource Recovery
Tool", In: Proceedings of the 2005 Symposium on the State of the
Science of Animal Manure and Waste Management, San Antonio,
TX, USA, 2005, pp. 2—-17.

Wang, Y., Zhang, N., Wang, Q., Yu, Y., Wang, P. "Chitosan graft-
ing via one-enzyme double catalysis: An effective approach for
improving performance of wool", Carbohydrate Polymers, 252,
117157, 2021.

https://doi.org/10.1016/j.carbpol.2020.117157

Wang, Y.-S., Shelomi, M. "Review of Black Soldier Fly (Hermetia
illucens) as Animal Feed and Human Food", Foods, 6(10), 91, 2017.
https://doi.org/10.3390/foods6100091

[59]

[60]

(1]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

Witono et al. | 51 7
Period. Polytech. Chem. Eng., 68(3), pp. 507-522, 2024

Liu, X., Chen, X., Wang, H., Yang, Q., ur Rehman, K., Li, W.,
Cai, Q., Li, Q., Mazza, L., Zhang, J., Yu, Z., Zheng, L. "Dynamic
changes of nutrient composition throughout the entire life cycle of
black soldier fly", PLoS ONE, 12(8), 0182601, 2017.
https://doi.org/10.1371/journal.pone.0182601

Tomberlin, J. K., Adler, P. H., Myers, H. M. “Development of the
Black Soldier Fly (Diptera: Stratiomyidae) in Relation to Tem-
perature,” Environmental Entomology, 38(3), pp. 930—934, 2009.
https://doi.org/10.1603/022.038.0347

Ustiiner, T., Hasbenli, A., Rozko$ny, R. "The first record of
Hermetia illucens (Linnaeus, 1758) (Diptera, Stratiomyidae) from
the Near East.", Studia Dipterologica, 10(1), pp. 181-185, 2003.
Diener, S., Zurbriigg, C., Roa Gutiérrez, F., Nguyen, D. H., Morel,
A., Koottatep, T., Tockner, K. "Black soldier fly larvae for organic
waste treatment — prospects and constraints”, In: Proceedings of the
Executive Summary WasteSafe 2011: 2nd International Conference
on Solid Waste Management in the Developing Countries, Khulna,
Bangladesh, 2011, pp. 52-59. ISBN 9789843327055

Diener, S., Zurbriigg, C., Tockner, K. "Bioaccumulation of heavy
metals in the black soldier fly, Hermetia illucens and effects on its
life cycle", Journal of Insects as Food and Feed, 1(4), pp. 261-270,
2015.

https://doi.org/10.3920/JIFF2015.0030

Paulk, A., Gilbert, C. "Proprioceptive encoding of head position
in the black soldier fly, Hermetia illucens (L.) (Stratiomyidae)",
Journal of Experimental Biology, 209(19), pp. 3913-3924, 2006.
https://doi.org/10.1242/jeb.02438

Pezzi, M., Leis, M., Chicca, M., Falabella, P., Salvia, R., Scala, A.,
Whitmore, D. "Morphology of the Antenna of Hermetia illu-
cens (Diptera: Stratiomyidae): An Ultrastructural Investigation",
Journal of Medical Entomology, 54(4), pp. 925-933, 2017.
https://doi.org/10.1093/jme/tjx055

Xiong, A., Ruan, L., Ye, K., Huang, Z., Yu, C. "Extraction of Chitin
from Black Soldier Fly (Hermetia illucens) and Its Puparium by
Using Biological Treatment", Life, 13(7), 1424, 2023.
https://doi.org/10.3390/1ife13071424

Myers, H. M., Tomberlin, J. K., Lambert, B. D., Kattes, D.
"Development of Black Soldier Fly (Diptera: Stratiomyidae)
Larvae Fed Dairy Manure", Environmental Entomology, 37(1),
pp. 11-15,2008.
https://doi.org/10.1603/0046-225X(2008)37[11:DOBSFD]2.0.CO;2
Lu, S., Taethaisong, N., Meethip, W., Surakhunthod, J., Sinpru, B.,
Sroichak, T., Archa, P., Thongpea, S., Paengkoum, S., Purba, R. A.
P., Paengkoum, P. "Nutritional Composition of Black Soldier Fly
Larvae (Hermetia illucens L.) and Its Potential Uses as Alternative
Protein Sources in Animal Diets: A Review", Insects, 13(9), 831,
2022.

https://doi.org/10.3390/insects13090831

Khanafari, A., Marandi, R., Sanatei, S. "Recovery of chitin and
chitosan from shrimp waste by chemical and microbial meth-
ods", Iranian Journal of Environmental Health, Science and
Engineering, 5(1), pp. 19-24, 2008.


https://doi.org/10.1016/j.ijbiomac.2015.10.024
https://doi.org/10.1038/s41598-022-12150-3
https://doi.org/10.1016/j.carbpol.2009.01.032
https://doi.org/10.1016/j.ijbiomac.2020.11.041
https://doi.org/10.1088/1757-899X/809/1/012020
https://doi.org/10.1038/s41598-022-10423-5
https://doi.org/10.1088/1755-1315/315/4/042003
https://doi.org/10.1007/s12649-011-9079-1
https://doi.org/10.1016/j.carbpol.2020.117157
https://doi.org/10.3390/foods6100091
https://doi.org/10.1371/journal.pone.0182601
https://doi.org/10.3920/JIFF2015.0030
https://doi.org/10.1242/jeb.02438
https://doi.org/10.1093/jme/tjx055
https://doi.org/10.3390/life13071424
https://doi.org/10.1603/0046-225X(2008)37[11:DOBSFD]2.0.CO;2
https://doi.org/10.3390/insects13090831

518

[70]

(71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(81]

Witono et al.
Period. Polytech. Chem. Eng., 68(3), pp. 507-522, 2024

Khayrova, A., Lopatin, S., Varlamov, V. "Black Soldier Fly
Hermetia illucens as a Novel Source of Chitin and Chitosan",
International Journal of Sciences, 8(4), pp. 81-86, 2019.
https://doi.org/10.18483/ijsci.2015

Jung, W.J.,Jo, G. H., Kuk, J. H., Kim, K. Y., Park, R. D. "Extraction
of chitin from red crab shell waste by cofermentation with
Lactobacillus paracasei subsp. tolerans KCTC-3074 and Serratia
marcescens FS-3", Applied Microbiology and Biotechnology,
71(2), pp. 234-237, 2006.
https://doi.org/10.1007/s00253-005-0126-3

Caligiani, A., Marseglia, A., Leni, G., Baldassarre, S., Maistrello,
L., Dossena, A., Sforza, S. "Composition of black soldier fly pre-
pupae and systematic approaches for extraction and fractionation
of proteins, lipids and chitin", Food Research International, 105,
pp. 812-820, 2018.

https://doi.org/10.1016/j.foodres.2017.12.012

Swartz, H. M., Bolton, J. R., Borg, D. C. "Biological Applications
of Electron Spin Resonance", Wiley-Interscience, New York, NY,
USA, 1972.

Ushakova, N., Dontsov, A., Sakina, N., Bastrakov, A., Ostrovsky, M.
"Antioxidative Properties of Melanins and Ommochromes from
Black Soldier Fly Hermetia illucens", Biomolecules, 9(9), 408, 2019.
https://doi.org/10.3390/biom9090408

Toner, R. K. "Recent Progress in the Chemistry of Natural and
Synthetic Colouring Matters and Related Fields. T. S. Gore, B.
S. Joshi, S. V. Sunthankar, and B. D. Tilak, Editors. New York,
Academic Press, 1962. 659 + xxvii pages. $24.00", Textile Research
Journal, 33(7), pp. 580-580, 1963.
https://doi.org/10.1177/004051756303300710

Figon, F., Casas, J. "Ommochromes in invertebrates: biochemistry
and cell biology", Biological Reviews, 94(1), pp. 156183, 2019.
https://doi.org/10.1111/brv.12441

Zainol Abidin, N. A., Kormin, F., Zainol Abidin, N. A., Mohamed
Anuar, N. A. F., Abu Bakar, M. F. "The Potential of Insects as
Alternative Sources of Chitin: An Overview on the Chemical
Method of Extraction from Various Sources", International Journal
of Molecular Sciences, 21(14), 4978, 2020.
https://doi.org/10.3390/ijms21144978

Al-Hasan Hamdan, I. A., Alhnon, F. J., Al-Hasan Hamdan, A. A.
"Extraction, characterization and bioactivity of chitosan from
farms shrimps of Basra province by chemical method", Journal of
Physics: Conference Series, 1660, 012023, 2020.
https://doi.org/10.1088/1742-6596/1660/1/012023

Poeloengasih, C. D., Hernawan, Angwar, M. "Isolation and charac-
terization of chitin and chitosan prepared under various processing
times", Indonesian Journal of Chemistry, 8(2), pp. 189-192, 2008.
https://doi.org/10.22146/ijc.21635

Erdogan, S., Kaya, M. "High similarity in physicochemical prop-
erties of chitin and chitosan from nymphs and adults of a grass-
hopper", International Journal of Biological Macromolecules, 89,
pp. 118-126, 2016.

https://doi.org/10.1016/j.ijbiomac.2016.04.059

Mol, A, Kaya, M., Mujtaba, M., Akyuz, B. "Extraction of high
thermally stable and nanofibrous chitin from Cicada (Cicadoidea)",
Entomological Research, 48(6), pp. 480—489, 2018.
https://doi.org/10.1111/1748-5967.12299

(82]

(83]

(84]

[85]

[86]

(87]

(88]

(89]

[90]

(1]

[92]

[93]

[94]

Tan, G., Kaya, M., Tevlek, A., Sargin, 1., Baran, T. "Antitumor
activity of chitosan from mayfly with comparison to commercially
available low, medium and high molecular weight chitosans",
In Vitro Cellular & Developmental Biology - Animal, 54(5),
pp. 366-374, 2018.

https://doi.org/10.1007/511626-018-0244-8

Sulthan, R., Reghunadhan, A., Sambhudevan, S. "A new era of chitin
synthesis and dissolution using deep eutectic solvents- comparison
with ionic liquids", Journal of Molecular Liquids, 380, 121794, 2023.
https://doi.org/10.1016/j.molliq.2023.121794

Sanchez-Pérez, L. de C., Barranco-Florido, J. E., Rodriguez-
Navarro, S., Cervantes-Mayagoitia, J. F., Ramos-Lopez, M. A.
"Enzymes of Entomopathogenic Fungi, Advances and Insights",
Advances in Enzyme Research, 2(2), pp. 65-76, 2014.
https://doi.org/10.4236/aer.2014.22007

Ospina Alvarez, S. P., Ramirez Cadavid, D. A., Escobar Sierra,
D. M., Ossa Orozco, C. P., Rojas Vahos, D. F., Zapata Ocampo, P.,
Atehorttia, L. "Comparison of Extraction Methods of Chitin from
Ganoderma lucidum Mushroom Obtained in Submerged Culture",
BioMed Research International, 2014, 169071, 2014.
https://doi.org/10.1155/2014/169071

Omar, B. A, Elmasry, R., Eita, A., Soliman, M. M., El-Tahan, A.
M., Sitohy, M. "Upgrading the preparation of high-quality chi-
tosan from Procambarus clarkii wastes over the traditional iso-
lation of shrimp chitosan", Saudi Journal of Biological Sciences,
29(2), pp. 911-919, 2022.

https://doi.org/10.1016/j.sjbs.2021.10.014

Pellis, A., Guebitz, G. M., Nyanhongo, G. S. "Chitosan: Sources,
Processing and Modification Techniques", Gels, 8(7), 393, 2022.
https://doi.org/10.3390/gels8070393

Rigby, G. W., EIDP Inc. "Substantially Undegraded Deacetylated
Chitin and Process for Producing the Same", Wilmington, DE,
USA, US2040879A, 1934.

Draczynski, Z. "Honeybee corpses as an available source of chitin",
Journal of Applied Polymer Science, 109(3), pp. 1974-1981, 2008.
https://doi.org/10.1002/app.28356

Cao, P, Xia, W. "Study on preparation Chitin/Chitosan from pupa
skin", In: 2011 International Symposium on Water Resource and
Environmental Protection, Xi'an, China, 2011, pp. 1898—1900.
ISBN 978-1-61284-339-1
https://doi.org/10.1109/ISWREP.2011.5893625

Duan, S., Li, L., Zhuang, Z., Wu, W. Hong, S., Zhou, J. "Improved
production of chitin from shrimp waste by fermentation with
epiphytic lactic acid bacteria", Carbohydrate Polymers, 89(4),
pp. 1283-1288, 2012.

https://doi.org/10.1016/j.carbpol.2012.04.051

Abdou, E. S., Nagy, K. S. A., Elsabee, M. Z. "Extraction and char-
acterization of chitin and chitosan from local sources", Bioresource
Technology, 99(5), pp. 1359-1367, 2008.
https://doi.org/10.1016/j.biortech.2007.01.051

Lee, H.,Nam, H., Ahn, C., Shin, Y. "Process for Producing Chitin",
South Korea, KR0149553B1, 1994.

No, H. K., Meyers, S. P., Lee, K. S. "Isolation and characterization
of chitin from crawfish shell waste", Journal of Agricultural and
Food Chemistry, 37(3), pp. 575-579, 1989.
https://doi.org/10.1021/jf00087a001


https://doi.org/10.18483/ijsci.2015
https://doi.org/10.1007/s00253-005-0126-3
https://doi.org/10.1016/j.foodres.2017.12.012
https://doi.org/10.3390/biom9090408
https://doi.org/10.1177/004051756303300710
https://doi.org/10.1111/brv.12441
https://doi.org/10.3390/ijms21144978
https://doi.org/10.1088/1742-6596/1660/1/012023
https://doi.org/10.22146/ijc.21635
https://doi.org/10.1016/j.ijbiomac.2016.04.059
https://doi.org/10.1111/1748-5967.12299
https://doi.org/10.1007/s11626-018-0244-8
https://doi.org/10.1016/j.molliq.2023.121794
https://doi.org/10.4236/aer.2014.22007
https://doi.org/10.1155/2014/169071
https://doi.org/10.1016/j.sjbs.2021.10.014
https://doi.org/10.3390/gels8070393
https://doi.org/10.1002/app.28356
https://doi.org/10.1109/ISWREP.2011.5893625
https://doi.org/10.1016/j.carbpol.2012.04.051
https://doi.org/10.1016/j.biortech.2007.01.051
https://doi.org/10.1021/jf00087a001

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

Ngadiwiyana, N., Fachriyah, E., Sarjono, P. R., Prasetya, N. B. A.,
Ismiyarto, I., Subagio, A. "Synthesis of Nano Chitosan as Carrier
Material of Cinnamon's Active Component", Journal Kimia Sains
& Aplikasi, 21(2), pp. 92-97, 2018.
https://doi.org/10.14710/jksa.21.2.92-97

Fournier, P., Szczepanski, C. R., Godeau, R.-P., Godeau, G.
"Chitosan Extraction from Goliathus orientalis Moser, 1909:
Characterization and Comparison with Commercially Available
Chitosan", Biomimetics, 5(2), 15, 2020.
https://doi.org/10.3390/biomimetics5020015

Majtan, J., Bilikova, K., Markovic, O., Grof, J., Kogan, G., Simath, J.
"Isolation and characterization of chitin from bumblebee (Bombus
terrestris)", International Journal of Biological Macromolecules,
40(3), pp. 237241, 2007.
https://doi.org/10.1016/j.ijbiomac.2006.07.010

Hahn, T., Tafi, E., von Seggern, N., Falabella, P., Salvia, R., Thom4, J.,
Febel, E., Fijalkowska, M., Schmitt, E., Stegbauer, L., Zibek, S.
"Purification of Chitin from Pupal Exuviae of the Black Soldier Fly",
Waste and Biomass Valorization, 13(4), pp. 1993-2008, 2022.
https://doi.org/10.1007/s12649-021-01645-1

Lin, Y.-S., Liang, S.-H., Lai, W.-L., Lee, J.-X., Wang, Y.-P.,, Liu,
Y.-T., Wang, S.-H., Lee, M.-H. "Sustainable Extraction of Chitin
from Spent Pupal Shell of Black Soldier Fly", Processes, 9(6), 976,
2021.

https://doi.org/10.3390/pr9060976

Casadidio, C., Peregrina, D. V., Gigliobianco, M. R., Deng, S.,
Censi, R., Di Martino, P. "Chitin and Chitosans: Characteristics,
Eco-Friendly Processes, and Applications in Cosmetic Science",
Marine Drugs, 17(6), 369, 2019.

https://doi.org/10.3390/md 17060369

Said Al Hoqani, H. A., AL-Shagsi, N., Hossain, M. A., Al Sibani,
M. A. "Isolation and optimization of the method for industrial
production of chitin and chitosan from Omani shrimp shell",
Carbohydrate Research, 492, 108001, 2020.
https://doi.org/10.1016/j.carres.2020.108001

Wu, Q., Mushi, N. E., Berglund, L. A. "High-Strength Nanostruc-
tured Films Based on Well-Preserved a-Chitin Nanofibrils Dis-
integrated from Insect Cuticles", Biomacromolecules, 21(2),
pp. 604—612, 2020.

https://doi.org/10.1021/acs.biomac.9b01342

Ixtiyarova, G. A., Hazratova, D. A., Umarov, B. N. O,
Seytnazarova, O. M. "Extraction of Chitosan from Died Honey Bee
Apis Mellifera", Chemical Technology, Control and Management,
2020(2), pp. 15-20, 2020.

Xinhua, L., Shunbing, Z., Xizeng, Z., Xiaoli, W. "Hazard Assess-
ment of Hydrogen Peroxide with Polyphosphonic Acid by Vent Siz-
ing Package 2", Procedia Engineering, 84, pp. 427-435, 2014.
https://doi.org/10.1016/j.proeng.2014.10.453

Salimon, J., Abdullah, B. M., Salih, N. "Hydrolysis optimization
and characterization study of preparing fatty acids from Jatropha
curcasseed oil", Chemistry Central Journal, 5(1), 67, 2011.
https://doi.org/10.1186/1752-153X-5-67

[106] Khayrova, A., Lopatin, S. "The Potential of Hermetia Illucens as

a Source of Chitin, Chitosan and their Melanin Complexes", Polymer
Science: Peer Review Journal (PSPRIJ), 3(4), 000568, 2022.
https://doi.org/10.31031/PSPRJ.2022.03.000568

[107]

[108]

[109]

[110

=

[111]

[112]

[113

[}

[114]

[115

[}

[116]

Witono et al. | 51 9
Period. Polytech. Chem. Eng., 68(3), pp. 507-522, 2024

Nafisah, A., Nahrowi, Mutia, R., Jayanegara, A. "Chemical com-
position, chitin and cell wall nitrogen content of Black Soldier
Fly (Hermetia illucens) larvae after physical and biological treat-
ment", [OP Conference Series: Materials Science and Engineering,
546(4), 042028, 2019.
https://doi.org/10.1088/1757-899X/546/4/042028

Tan, Y. N., Chin, Y. L., Chen, W. N. "Comparison of Sustainable
Lipid and Protein Removal Methods for the Isolation of Insect
Chitin from Black Soldier Fly Exoskeleton", ACS Food Science &
Technology, 1(4), pp. 698—706, 2021.
https://doi.org/10.1021/acsfoodscitech.0c00104

Smets, R., Verbinnen, B., Van De Voorde, 1., Aerts, G., Claes, J.,
Van Der Borght, M. "Sequential Extraction and Characterisation
of Lipids, Proteins, and Chitin from Black Soldier Fly (Hermetia
illucens) Larvae, Prepupae, and Pupae", Waste and Biomass
Valorization, 11(12), pp. 6455-6466, 2020.
https://doi.org/10.1007/s12649-019-00924-2

Pedrazzani, C., Righi, L., Vescovi, F., Maistrello, L., Caligiani, A.
"Black soldier fly as a New chitin source: Extraction, purification and
molecular/structural characterization", LWT, 191, 115618, 2024.
https://doi.org/10.1016/j.1wt.2023.115618

ZYotko, K., Wasko, A., Kaminski, D. M., Budziak-Wieczorek, 1.,
Bulak, P., Bieganowski, A. "Isolation of Chitin from Black Soldier
Fly (Hermetia illucens) and Its Usage to Metal Sorption", Polymers,
13(5), 818, 2021.

https://doi.org/10.3390/polym13050818

Wang, H., Rehman, K. u., Feng, W., Yang, D., Rehman, R. u., Cai,
M., Zhang, J., Yu, Z., Zheng, L. "Physicochemical structure of
chitin in the developing stages of black soldier fly", International
Journal of Biological Macromolecules, 149, pp. 901-907, 2020.
https://doi.org/10.1016/j.ijbiomac.2020.01.293

Purkayastha, D., Sarkar, S. "Physicochemical Structure Analysis
of Chitin Extracted from Pupa Exuviae and Dead Imago of Wild
Black Soldier Fly (Hermetia illucens)", Journal of Polymers and the
Environment, 28(2), pp. 445457, 2020.
https://doi.org/10.1007/s10924-019-01620-x

Kemboi, V. J., Kipkoech, C., Njire, M., Were, S., Lagat, M. K.,
Ndwiga, F., Wesonga, J. M., Tanga, C. M. "Biocontrol Potential
of Chitin and Chitosan Extracted from Black Soldier Fly Pupal
Exuviae against Bacterial Wilt of Tomato", Microorganisms, 10(1),
165, 2022.

https://doi.org/10.3390/microorganisms10010165

Lagat, M. K., Were, S., Ndwigah, F., Kemboi, V. J., Kipkoech, C.,
Tanga, C. M. "Antimicrobial Activity of Chemically and Biologically
Treated Chitosan Prepared from Black Soldier Fly (Hermetia illu-
cens) Pupal Shell Waste", Microorganisms, 9(12), 2417, 2021.
https://doi.org/10.3390/microorganisms9122417

Jayanegara, A., Haryati, R. P., Nafisah, A., Suptijah, P., Ridla, M.,
Laconi, E. B. "Derivatization of Chitin and Chitosan from Black
Soldier Fly (Hermetia illucens) and Their Use as Feed Additives:
An In vitro Study", Advances in Animal and Veterinary Sciences,
8(5), pp. 472—477, 2020.
https://doi.org/10.17582/journal.aavs/2020/8.5.472.477


https://doi.org/10.14710/jksa.21.2.92-97
https://doi.org/10.3390/biomimetics5020015
https://doi.org/10.1016/j.ijbiomac.2006.07.010
https://doi.org/10.1007/s12649-021-01645-1
https://doi.org/10.3390/pr9060976
https://doi.org/10.3390/md17060369
https://doi.org/10.1016/j.carres.2020.108001
https://doi.org/10.1021/acs.biomac.9b01342
https://doi.org/10.1016/j.proeng.2014.10.453
https://doi.org/10.1186/1752-153X-5-67
https://doi.org/10.31031/PSPRJ.2022.03.000568
https://doi.org/10.1088/1757-899X/546/4/042028
https://doi.org/10.1021/acsfoodscitech.0c00104
https://doi.org/10.1007/s12649-019-00924-2
https://doi.org/10.1016/j.lwt.2023.115618
https://doi.org/10.3390/polym13050818
https://doi.org/10.1016/j.ijbiomac.2020.01.293
https://doi.org/10.1007/s10924-019-01620-x
https://doi.org/10.3390/microorganisms10010165
https://doi.org/10.3390/microorganisms9122417
https://doi.org/10.17582/journal.aavs/2020/8.5.472.477

Witono et al.
Period. Polytech. Chem. Eng., 68(3), pp. 507-522, 2024

520

[117] Ravi, H. K., Degrou, A., Costil, J., Trespeuch, C., Chemat, F., Vian,
M. A. "Effect of devitalization techniques on the lipid, protein,
antioxidant, and chitin fractions of black soldier fly (Hermetia illu-
cens) larvae", European Food Research and Technology, 246(12),
pp. 2549-2568, 2020.
https://doi.org/10.1007/s00217-020-03596-8

[118] Wasko, A., Bulak, P., Polak-Berecka, M., Nowak, K., Polakowski, C.,
Bieganowski, A. "The first report of the physicochemical structure
of chitin isolated from Hermetia illucens", International Journal of
Biological Macromolecules, 92, pp. 316-320, 2016.
https://doi.org/10.1016/j.ijbiomac.2016.07.038

[121] Zimri, M. N. "Preparation and electrospinning of chitosan from
waste Black Soldier Fly biomass", MSc Thesis, University of the
Western Cape, 2018. [online] Available at: https://api.semantic-
scholar.org/CorpusID:105475702 [Accepted: 26 October 2023]

[122] Brigode, C., Hobbi, P., Jafari, H., Verwilghen, F., Baeten, E.,
Shavandi, A. "Isolation and physicochemical properties of chitin
polymer from insect farm side stream as a new source of renewable
biopolymer", Journal of Cleaner Production, 275, 122924, 2020.
https://doi.org/10.1016/j.jclepro.2020.122924

[123] Peng, T. H., Wei, L. K., Wei Chiang, E. C., Oi Yoon, M. S.
"Antibacterial Properties of Chitosan Isolated from the Black

[119] Lee, Y. H., Kim, S. C., Nam, K. D., Kim, T. H., Jung, B. O., Park, Soldier Fly, Hermetia illucens", Sains Malaysiana, 51(12),
Y.-I., Synytsya, A., Park, J. K. "Chitosan isolated from black sol- pp. 3923-3935, 2022.
dier flies Hermetia illucens: Structure and enzymatic hydrolysis", https://doi.org/10.17576/jsm-2022-5112-05
Process Biochemistry, 118, pp. 171-181, 2022.
https://doi.org/10.1016/j.procbio.2022.04.020
[120] Mirwandhono, E., Nasution, M. 1. A., Yunilas. "Extraction of chi-
tin and chitosan black soldier fly (Hermetia illucens) prepupa phase
on characterization and yield", IOP Conference Series: Earth and
Environmental Science, 1114(1), 012019, 2022.
https://doi.org/10.1088/1755-1315/1114/1/012019
Appendix
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Table A1 State of the art of chitin extraction from BSF basis material (continued)
Treatment
Sample Pretreatment Demineralization Deproteination Additional step Yield (%) I;;;er:
Chemical Conditions ~ Chemical Conditions Chemical Conditions
Room Lipid extraction
Prepupae Grinding HCI2N  temperature, NaOH 1 M 40°C,1h with petroleum 40°C,1h 11.7 [72]
24 h ether
Larvae 3.6
Washin
Prepupae & 3.1
) drying, HCI2M 55°C,1h  NaOH2M  50°C,18h d .NaCI(t)t. 40;nL, 10 [112]
Puparium grinding epigmentation 1mes 14.1
Adult flies 2.9
Pupal o . . . 9
exuviae  Grindinguntil 100°C, " NaoH 1M 80°C, 24h KMnO, 1% lh [113]
20 mesh 30 min depigmentation
Imago 23
Washing,
Pupal drying in HCIIM  Boiled,2h NaOHIM  Boiled, 4h - - - [114]
exuviae sunlight,
grinding
1:10 (W/v),
Washing, NaHCO, 0.5% 75(°C )
Pupal .
drying at - - - - - [99]
shell S
65 °C, grinding H.O. 30%
22 48 h
bleaching
H,PO,
H,SO, .
NaOH Using ten 14
Pupal Crushin HNO, 400r70°C,  (optimum 50-90 °C, different N (optimum (98]
exuviae & HCI 2h in2 M and 1-4h solutions for coltjl dition)
1.25 M) bleaching
CH,COOH
HCOOH
Pupal Grinding with 1y N Bojled,2h NaOH 1M Boiled, 4 h - - - [115]
shell blender
Pre-pupae  Lipid removal HCIIM 100°C,1h  KOHIM 80°C,2h - - - [116]
Room Na.PO 65-70
Pupae Drying CH,COOH temperature, 34 37°C,72h - - (with [108]
3 buffer . "
72h impurities)
Larvae - poiim  FOOVVL oM 80°C, 24k - - - [117]
95°C, 1h
Pupa'l Room Deffating 30
exuviae ndi ; 0 :
Grinding until HCT 1% temperature, KOH 5% 50°C.2h process, using B [52]
Dead 35-70 mesh 2h (W/v) stronger KOH
imagoes and NaOH 9
Pupal
i Room
exuviae ; ° o
Drying 60°C, e 1 M temperature, NaOH 1M 80°C, 24 h KMnO, 1% - - [118]
Dead 24h Ih depigmentation
imagoes
Puparia i o ) . . 23.82
P Drying 60°°C, e 50, Room NaOH 2% 70-90°C,2h  1120,30% 1:20 (w:v), [66]
Adult flies grinding temperature bleaching 90 °C, 45 min 11.99
Larvae - - - - - - - 5 [119]
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Table A1 State of the art of chitin extraction from BSF basis material (continued)
Treatment
Sample Pretreatment Demineralization Deproteination Additional step Yield (%) ];tltfr:
Chemical Conditions Chemical Conditions Chemical Conditions
Washing, 100 °C. 20
Prepupae boiling for 10 HCl mir; NaOH 80 °C NaOCl10.315% - 18.05 [120]
minutes
Pupae
° i 13.5
shells - pciim - 0°G 100 NaOH 85°C, 10 h Bleaching [21]
min process
Adult flies 5
Flake 22
3 o] o]
puparia  DPYES0°C ey 100°C, NaoH 1M 24h - - 25 [122]
grinding 30 min
Adult flies 7
Larvae 3
Prepupac Cleaning 1:10 (wiv) 1:30 wiv. 54
4 , ~ , KMnO, 1% ’ ’
Pupal drying 65 °C, HCI1M  roomtemper- NaOH 1M 80°C,6h dei meritation 4 h, room [123]
exuviae grinding ature, 2 h P& temperature 18.8
Imagoes 11.8
Grindin Room
Dead flies (B HC1 5% temperature, NaOH 5% 100°C,3 h - - 213 [54]
washing

2h




	1 Introduction
	2 BSF overview
	2.1 Lifecycle
	2.2 BSF compositions

	3 BSF chitin extraction
	3.1 Pre-treatment
	3.2 Demineralization
	3.3 Deproteinization
	3.4 Bleaching (depigmentation)
	3.5 Defatting
	3.6 The sequential step for extraction

	4 Conclusion and future research
	Acknowledgement
	References
	Appendix A

