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Introduction
Chitin and chitosan: properties, sources and applications

Chitin and chitosan are linear polysaccharides that consist of varying amounts of N-ace-
tyl-2-amino-2-deoxy-D-glucopyranose and 2-amino-2-deoxy-D-glucose in pyranose form and 
are linked to each other by 1-4 glycosidic bonds [1] (Figure 1). Chitin was first described by the 
French chemist Henri Braconnot in 1811, and the name “chitin” comes from the Greek word 
“chiton”, which means covering [2]. Chitin is the second most common biopolymer after cellu-
lose, containing approximately 2-4% of 2-amino-2-deoxy-D-glucose residues [1]. Chitosan is 
obtained by chemical, less often enzymatic, deacetylation of chitin. Chitosan is conventionally 
considered to be a polymer soluble in dilute organic acids, which corresponds to a degree of 
deacetylation of about 40-45% [3,4]. Chitin is found in invertebrates, crustacean shells or 
insect cuticles, in the cell walls of fungi, green algae, and yeast [5,6]. In fact, crustacean shells 
contain 30-40% protein, 30-50% calcium carbonate and phosphate, and 20-30% chitin [7,8]. 
However, chitin content varies depending on the source or even the species from which it is 
isolated. For example, the shells of Crangon crangon shrimp may contain 10-38% protein, 31-
44% minerals, and 24-46% chitin [9]. In fungi, chitin is present in the form of a chitin-glucan 
complex, which is extremely difficult to separate into individual polysaccharides [10]. The 
main difference between insects as a source of chitin is the high content of melanin covalently 
bound to the target biopolymer. To remove melanin, a bleaching step can be introduced. How-
ever, discoloration (bleaching) does not remove the pigment completely, only weakening the 
colour. Chitosan is the most important chitin derivative. Chitosan can easily undergo structur-
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Abstract
Interest in insects as a source of valuable biologically active substances has significantly increased 
over the past few years. Insects serve as an alternative source of chitin, which forms up to 40% of their 
exoskeleton. Chitosan, a deacetylated derivative of chitin, attracts the attention of scientists due to its 
unique properties (sorption, antimicrobial, film-forming, wound healing). Furthermore, some insect 
species such as Hermetia illucens are unique and can be used to obtain chitin- and chitosan-melanin 
complexes in the later stages of ontogenesis. Due to the synergistic effect, chitosan and melanin can 
enhance each other’s biological activity, providing a wide range of potential applications.
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al modifications due to the presence of many functional groups on 
its polysaccharide chain, primarily amino groups [11]. Therefore, 
chitosan has an important property – solubility in weakly acidic 

aqueous solutions [12-14]. Amino groups in the structure of chi-
tosan are chelating ligands capable of binding various metal ions.

Figure 1: Chemical structure of chitin (A) and chitosan (B).

The degree of deacetylation (DD) and the molecular weight of 
chitosan strongly affect many physicochemical, such as solubility, 
hydrophilicity, and crystallinity, as well as biological properties of 
chitosan. Various analytical methods are used to determine DD, 
including IR spectroscopy, pyrolysis gas chromatography, gel per-
meation chromatography and UV-visible spectrophotometry, 1H 
NMR spectroscopy, 13C solid state NMR, thermal analysis, various 
titration schemes, acid hydrolysis, HPLC, methods of separation 
spectrometry and near-infrared spectroscopy [15]. Chitosan offers 
a wide range of applications including biotechnology, food process-
ing and medicine. The biopolymer is widely used in chemical and 
textile industries, membranes, and wastewater treatment due to its 
polycationic nature [11,12,16,17]. In addition, it plays a significant 
role in agriculture, cosmetics, food protection, papermaking, and 
tissue engineering [17-20]. 

Methods for obtaining chitin

Crustacean shells are the main source of raw materials for chi-
tin production. The method for chitin production includes depro-
teinization and demineralization to remove proteins and inorganic 
calcium carbonate together with small amounts of pigments and fat 
[21]. In some cases, an additional bleaching step is used to get rid 
of residual pigments. Over the past decades, various methods have 
been proposed to obtain crystalline chitin; however, the standard 
method has not yet been defined. The deproteinization step in-
volves the breaking of chemical bonds between chitin and proteins. 
This process is carried out heterogeneously using chemicals that 
can depolymerize the biopolymer. Attempts were made to replace 
chemical deproteinization with the enzymatic one [22], but it did 
not result in complete removal of proteins. Demineralization is car-
ried out to remove minerals, primarily calcium carbonate. This step 
usually includes treatment with acids such as HCl, HNO3, H2SO4, 
CH3COOH, and HCOOH [23,24]. Among these acids, dilute hydro-
chloric acid is preferred. Chitin can be obtained in amorphous form 
when its crystal lattice is destroyed. Colloidal chitin is obtained by 
precipitation of the biopolymer from its solutions in mineral acids 
(hydrochloric, aqueous sulfuric, phosphoric, or methane sulfonic 
acids) [25-27]. A colloidal solution of chitin is used as a substrate 
for determining the activity of chitinolytic enzymes and lysozyme.

Chitin plays an important role in the structure of insects: the 
growth and development of insects strictly depend on the ability 
to reconstruct chitinous structures [28]. The biopolymer is present 
in insects at all stages of ontogenesis. Chitin is the main component 
of the insect cuticle. Physicochemical analysis shows that the chitin 
content is up to 40% of the dry mass of the cuticle, depending on the 
insect species and varies significantly with the type of cuticle, even 
in one organism [29]. For instance, Holotrichia parallela contains 
15% chitin [30], Bombyx mori – 15-20% [31], and cicada – 36% 
[32]. Chitin is found in the exo- and endocuticle, in the newly se-
creted, necrotic procuticle, but not in the epicuticle, the outermost 
part of the integument [33]. It acts as a light, but at the same time 
mechanically strong frame material and is always associated with 
cuticle proteins, which frequently determine the mechanical prop-
erties of the cuticle. In insects, chitin is associated with melanin, 
which is not found in crustaceans. In addition, insects may contain a 
large percentage of fat. As a result, additional purification steps are 
introduced in chitin production. Despite these issues, the number 
of studies on the extraction of chitin and its derivatives from insects 
has been growing lately. This applies not only to large-scale insect 
rearing, but also to exotic species.

Melanins

Melanins (from the Greek melanos, which means “dark”) are 
one of the most mysterious biopolymers in the biosphere, despite 
their wide distribution in nature [34]. These biopolymers are syn-
thesized by oxidation and polymerization of phenolic/indolic pre-
cursors. The degree of pigmentation is largely determined by the 
ability of specialised cells to synthesize brown-black eumelanin 
and yellow reddish pheomelanin [35]. Eumelanin is generally con-
sidered to be a heterogeneous macromolecule of 5,6-dihydroxyin-
dole and 5,6-dihydroxyindole-2-carboxylic acid, its 2-carboxylated 
form. Pheomelanin is derived from the sulfur-containing cysteinyl 
dopa and is believed to be a heterogeneous macromolecule. The 
function of melanin is determined by its physical and chemical 
properties. These properties − antioxidant and free absorption of 
radicals, broadband ultraviolet and visible absorption, and strong 
relaxation of photo-excited electronic states − are affected by the 
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structure of the molecular, supramolecular, and aggregate level 
[36,37]. Additionally, melanin is characterised by a strong negative 
charge, high molecular weight, and hydrophobic nature [38]. Mel-
anin is a photoprotective pigment. The protective effect of melanin 
is due to its high efficiency in absorbing and scattering photons, 
especially photons with higher energy from the ultraviolet and 
blue part of the solar spectrum. The energy of absorbed photons 
is quickly and efficiently converted into heat as a result of ultrafast 
photodynamic [39]. It is likely that the photoprotective properties 
of melanin are also due to its ability to neutralize the excited states 

of certain molecules and remove reactive oxygen species that can 
form in pigmented cells. Melanin has been shown to be a potent 
antioxidant in various model systems [40].

In addition to the variety of biological functions, this biopoly-
mer has many potential applications in biophysics, materials sci-
ence, cosmetics, and healthcare [41,42]. The capability of melanin 
is determined not only by its chemical composition at the molecular 
level, but also by its versatility as a component of the supramolecu-
lar structure in the cellular environment.

Obtaining of Chitin, Chitosan and their Melanin Complexes from Hermetia Illucens

Figure 2: Life cycle diagram of black soldier fly (Hermetia illucens).

The black soldier fly Hermetia illucens is found in nutrient-rich 
environments in the western part of our planet. The larvae of these 
insects are reared on many types of decaying organic materials and 
are used for composting, as they can convert organic waste into nu-
trient-rich fertilizer. The larvae are able to process a wide range of 
substrates, including agricultural by-products and organic waste of 
animal or plant origin [43]. This offers opportunities for an innova-
tive technology of waste bioconversion by insects [44]. In addition, 
black soldier fly larvae are a great source of fat and protein for an-
imal feed and biodiesel production [45]. A number of companies 
around the world, including South Africa, Canada, USA, Nether-
lands, China and Russia, are currently incorporating the technology 
of Hermetia illucens rearing to solve ecological issues. Black soldier 
fly is available at all stages of ontogenesis, unlike other industrial-
ly reared insect species, such as bees and silkworms (Figure 2). At 
earlier stages, Hermetia illucens larvae are unpigmented, and are 
a source of chitin and chitosan. At later stages of development – 
prepupae, pupae, corpses – insects accumulate melanin, which can 
easily be observed. Hence, they become a source of both chitin- and 
chitosan-melanin complexes. Additionally, chitin and melanin in 

Hermetia illucens are linked by strong covalent bonds, which dis-
tinguishes them from the bee corpses, where the complexes are ob-
tained by mixing the biopolymers together.

Known methods for producing chitin from Hermetia illucens 
are based on a standard approach involving sequential removal of 
impurities from the starting material. Table 1 summarises a num-
ber of studies devoted to the extraction of chitin, chitosan and their 
melanin complexes from Hermetia illucens. Waśko et al. [46] have 
reported the physicochemical structure of chitin isolated from Her-
metia illucens. First, the samples consisting of pupal exuviae, and 
corpses were cleaned, dried to constant weight, and ground in a 
laboratory mill. Demineralization was carried out using 1 M HCl 
for 1h. The demineralized powder was washed with distilled wa-
ter. Deproteinization was performed using 1 M NaOH at 80 ℃ for 
24h. The extract was filtered and decolorized using 1% KMnO4. Ex-
cess KMnO4 was removed with 4% oxalic acid. The white-grey final 
product was then filtered, washed with distilled water and dried. In 
that study, the chitin-containing raw material is highly pigmented, 
and some of the melanins are covalently bound to chitin. There-
fore, a bleaching step was added, carried out in the presence of a 
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1% KMnO4 solution. However, this treatment does not remove the 
melanin completely. In addition, the defatting step was not carried 
out, and potential impurities (protein, fat, melanin) in the obtained 
chitin were not determined. The degree of acetylation of the ob-
tained chitin samples, based on elemental analysis data, was equal 
to 250% and 179%, which exceeded the theoretical maximum of 
100%. This indicates the presence of impurities in chitin. Caligiani 
et al. [47] have employed an alternative method for obtaining chitin 
from the prepupae. The starting material contained (dry weight) 
32% protein, 37% fat, 19% minerals and 9% chitin. Defatting was 
carried out in two steps using petroleum ether. The defatted mate-
rial was then treated with 1M NaOH solution, and demineralization 
was carried out using 2N HCl. After centrifugation, the precipitate 
was washed with water and dried. As a result, it was possible to frac-

tionate the starting material into three main products – fat, protein 
and chitin. The chitin yield varied from 11.7% to 14.6%, depending 
on the degree of acetylation. However, the study does not provide 
data confirming the purity of the obtained chitin. D’Hondt et al. [48] 
extracted chitin from the larvae through the series of steps: wash-
ing with distilled water, deproteinization with 1 M NaOH solution 
at 80 ℃ for 1h and washing with distilled water until neutral pH. 
Acidic hydrolysis was carried out in heat- and pressure-resistant 
glass jars. 5ml of 3 or 6N HCl was added to 50mg of dry, crushed 
and demineralized samples. The reaction was carried out at 110 ℃ 
for 2-16h. The reaction mixture was then centrifuged to remove re-
sidual insoluble material, followed by filtration. Based on the above 
information, it can be concluded that applied conditions are too 
strong, while there is no defatting present.

Table 1: H. illucens as a source of chitin, chitosan and their melanin complexes. *not available.

Extraction Steps Obtained Product(s) Yield References
demineralisation (1M HCl); deproteinization (1M NaOH); depig-

mentation (1% KMnO4) chitin n/a* [48]

defatting (petroleum ether); deproteinization (1M NaOH); demin-
eralisation (2N HCl) chitin 11.7-14.6% [49]

deproteinization (1M NaOH); acidic hydrolysis (3 and 6N HCl) chitin 8.50% [50]
demineralisation (HCOOH); deproteinization (1.9-2M NaOH); 

deacetylation (10-12M NaOH) chitin, chitosan chitin=83-87%, chi-
tosan=13-43% [51]

demineralisation (2M HCl); deproteinization (2M NaOH); depig-
mentation (3.6% HCl, NaClO) chitin 2.9-14.1% [52]

defatting (C6H14); demineralisation (1M HCl); deproteinization 
(1M NaOH); deacetylation (NaOH, NaBH4) chitin, chitosan chitin=20.3% [53]

deproteinization (10% NaOH); deacetylation (30% NaOH); mela-
nin precipitation (HCl)

chitosan-melanin com-
plex n/a [54]

deproteinization (10% NaOH); melanin precipitation (HCl); acid 
hydrolysis (25% H2SO4); defatting (CHCl3)

chitin-melanin com-
plexes 28% [55]

chitin precipitation (85% H3PO4); deacetylation (30% NaOH) 
defatting (CHCl3, CH3OH); demineralisation (2% HCl); deprotein-

ization (5% NaOH); deacetylation (50% NaOH)

amorphous chitin, 
chitosan 

crystalline chitin, chi-
tosan

amorphous chitin=7%, 
chitosan=32%, crys-
talline chitin=46%, 

chitosan=80%

[56]

defatting ((C2H5)2O); demineralisation (1% HCl); deproteinization 
(30% NaOH); deacetylation (50% NaOH)

chitin- and chi-
tosan-melanin com-

plexes

chitin-melanin=9-30%, 
chitosan-mela-

nin=18-29%
[58]

deproteinization (Bacillus lichenformis); depigmentation (30% 
H2O2); deacetylation (50% NaOH) chitin, chitosan chitin=12.4% [59]

demineralisation (1M HCl); deproteinization (1M NaOH); depig-
mentation (H2O2, KMnO4, C2H2O4) chitin chitin=5.7-8.0% [60]

demineralisation (1% HCl); deproteinization (30% NaOH); 
deacetylation (50% NaOH); purification (1% CH3COOH, 1M 

NaOH)
chitin, chitosan chitin=10%, chi-

tosan=77% [61]

Hahn et al. [49] described the optimal conditions for obtain-
ing chitosan from the larval exoskeletons and evaluated the final 
product relative to crab chitosan. The influence of the variables of 
deproteinization was analysed using linear regression model; the 
chitin content in the deproteinized material was found to be 83% 

and 87% on a small and large scales, respectively. Two types of 
deacetylation reactions were carried out. Heterogeneous deacetyl-
ation at 120 ℃ led to DD of 72% and a maximum yield of 43% with 
respect to chitin. Homogeneous deacetylation at 4 ℃ led to DD of 
34% and a low chitosan yield of 13%. However, chitosan showed 
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excellent film-forming properties and high viscosity when dis-
solved in acetic acid. The results of the study confirmed that insect 
chitosan has properties comparable to chitosan from crustaceans, 
which are highly dependent on the conditions used for production. 
Wang et al. [50] compared the physicochemical properties of the 
chitinous matrix obtained at different stages of insect development: 
larvae, prepupae, pupae, and imagos. The chitin content was 3.6%, 
3.1%, 14.1% and 2.9%, respectively. The crystallinity index in-
creased from larva to adult flies: 33.1%, 35.1%, 68.4% and 87.9%, 
respectively. However, the authors do not take into account the 
presence of melanin at the later stages of insect development, start-
ing with the pupae. In the study by Nafisah et al. [51], the larvae 
were defatted in a hexane solution for 6h. Chitin was extracted by 
the method [52], however, the exact method (in an open or closed 
system) was not specified. Demineralization took place in 1M HCl 
at 100 ℃ for 20min, and deproteinization – in 1M NaOH at 80 ℃ 
for 24h. Then, the samples were treated with 0.4% Na2CO3 several 
times and dried. Chitin was deacetylated with 40% NaOH solution, 
while NaBH4 was used as a reducing agent. Impurities were iden-
tified at each treatment step: the protein content in the larvae was 
approximately 43.0%, chitin – 20.3%.

It can be concluded that the black soldier fly serves as a source 
of pure chitin and chitosan only at the early stages of its develop-
ment, including the 5th instar larvae. At the later stages of ontogen-
esis (prepupae, pupae, imagos), melanin is formed in insects, which 
is strongly bound to chitin. Discoloration of such complex does not 
lead to the breaking of these bonds or complete removal of mela-
nin; therefore, pure chitin cannot be obtained at later stages. The 
process of obtaining the chitosan-melanin complex from Herme-
tia illucens is discussed by Bastrakov et al. [53]. Nevertheless, the 
method itself is not described, the authors refer to the work [54], 
which indicates that the complexes are a mixture of biopolymers. 
Pigments were identified based on the assessment of their solu-
bility, spectral and paramagnetic properties, which also indicates 
that melanin was obtained separately and then added to chitosan. 
In another study by Ushakova et al. [55], melanin and chitin-mela-
nin complexes were obtained from corpses. Water-soluble melanin 
was extracted using 10% NaOH at room temperature for 16h. Mel-
anin was obtained by adding concentrated HCl, washed with dis-
tilled water to neutral pH, centrifuged at least 3 times, and dried. 
The chitin-melanin complex was obtained by acid hydrolysis using 
25% H2SO4 under reflux for 3h. Then, the hydrolysate was cooled to 
40 ℃, filtered, washed with distilled water and dried. The complex 
yield was equal to 28%. At the end, the defatting step using chloro-
form was carried out for both the complex and the corpses. How-
ever, neither protein/fat content nor the purity of the final product 
were determined. Khayrova et al. [56] have examined the produc-
tion of both low- and high-molecular-weight chitosan from larvae, 
the unpigmented starting material. Amorphous chitin was obtained 
using the direct extraction method [57]. The yield of amorphous 
chitin was 7%.

The deacetylation reaction of amorphous chitin was carried out 
in 30% NaOH in a water bath at 100 ℃ for 1h. The reaction mix-
ture was subsequently diluted with water, and the excess alkali was 
removed using a cation exchange resin. The solution was dialyzed 
against water and lyophilized. The chitosan yield was 32%. A defat-
ting step using a mixture of CHCl3: CH3OH (7:3) was added to obtain 
crystalline chitin. Demineralization was carried out with 2% HCl 
at 20 ℃ for 2h. Deproteinization was implemented by treatment 
with 5% NaOH in a water bath at 50 ℃ for 2h. The obtained chitin 
was filtered, washed with distilled water until neutral pH, and lyo-
philized. The chitin yield was 46%. The deacetylation reaction was 
carried out using 50% NaOH at 100 ℃ for 2h. The chitosan yield 
was 80%. In both cases the products were characterised by HPLC, 
1H NMR and conductometric titration. Deacetylation was followed 
by destruction of amorphous chitin, resulting in low molecular 
weight chitosan (15kDa, DD of 42-47%). The molecular weight of 
chitosan obtained by the second method was 160kDa, and DD – 
90%. In other experiments by Khayrova et al. [58], a method for ob-
taining chitin- and chitosan-melanin complexes from pupal exuviae 
and corpses was developed. The chitin-containing raw material 
was characterised at each treatment step, the content of impurities 
(protein, fat) was determined, which was not previously observed 
in other works. The fat in corpses differed due to the presence of 
wax, thus, a defatting step with diethyl ether was introduced. De-
mineralization was carried out using 1% HCl at 20 ℃ for 2h. The 
solid residue was then filtered, washed with distilled water to neu-
tral pH values, and lyophilized. The chitin-melanin complex was ob-
tained by treatment with 30% NaOH in a water bath at 50 ℃ for 2h. 
Then, the resulting solid residue was separated on a porous glass 
filter, washed with water until neutral pH, and lyophilized.

The chitosan-melanin complex was obtained by treatment with 
50% NaOH in a 100 ℃ water bath for 2h, stirring occasionally. The 
suspension was cooled, the precipitate was separated on a porous 
glass filter, washed with distilled water until neutral pH, and lyo-
philized. Lin et al. [59] developed a method to extract chitin from 
spent pupal shell by the microbial fermentation using Bacillus li-
chenformis A6. The recovery rate of chitin content by the microbial 
fermentation method was equal to 12.4%. The structures of BSF 
chitin and chitosan were further characterised by FTIR, XRD, and 
SEM, and the chitin obtained from BSF was observed in α form. 
The crystalline index values of chitin and chitosan were 52.8% and 
55.4%, respectively. The surface morphology was examined by SEM, 
revealing nanofiber structures. Złotko et al. [60] presented various 
procedures for the isolation of chitin from Hermetia illucens pupal 
exuviae. The obtained chitin variants were characterised using dif-
ferent techniques such as optical and confocal microscopy, FTIR, 
XRD, EDX, thermogravimetric analysis. The tested chitin isolated 
with an efficiency of 5.69–7.95% was the form with a crystallinity 
degree of 60% and maximum degradation temperature of 392 ℃. 
Furthermore, the nickel ion biosorption process on chitin was char-
acterised, and the mechanism of this process to be ion exchange 
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and complexation was proposed. The study showed the potential of 
Hermetia illucens chitin as a metal bio sorbent that can be obtained 
with relatively high efficiency and strong sorption properties.

In the most recent study by Khayrova et al. [61] the authors de-
veloped a novel depolymerization method to obtain low molecular 
weight chitosans (6-21kDa) from Hermetia illucens larvae. Enzyme 
preparations containing recombinant chitinase Chi 418 from Trich-
oderma harzianum, chitinase Chi 403, and chitosanase Chi 402 
from Myceliophthora thermophila were used to depolymerize the 
biopolymer. Obtained chitosans were studied, and their antibac-
terial (E. coli and S. epidermidis) and anti-fungal (B. cinerea and F. 
oxysporum) properties were compared to crab chitosans depolym-
erized by the same method. The results proved the significance of 
the chitosan’s origin, showing the potential of Hermetia illucens as a 
new source of low molecular weight chitosan with an improved bi-
ological activity. It should be noted that no other studies for obtain-
ing covalently bound chitosan-melanin complexes from the black 
soldier fly has been found, and the content of impurities in these 
complexes has not been previously determined in the literature. 

Conclusion

In this review, Hermetia illucens was considered as a new source 
for production of chitin, chitosan, and their melanin complexes. The 
unique properties of melanin pigments, based on their stable free 
radical state, can be significantly improved and expanded when 
complexed with chitosan and its derivatives. Chitin and chitosan are 
biopolymers possessing a number of highly valuable characteristics 
(radioprotectors, antioxidants, bactericides, fungicides, chelators, 
complexing agents, hepatoprotections, etc.) that complement the 
biological activity of melanins. Thus, it can be concluded that the 
unique photo- and radioprotective properties of melanin pigments, 
in combination with chitosan, will allow to obtain composites with 
new, enhanced biological activities which could potentially be ap-
plied in various fields. 
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