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ABSTRACT: Chitin is a natural biomass resource with high potential for a wide variety of applications. However, it remains poorly
explored because of its solubility issues. In this work, a large range of acidic deep eutectic solvents (aDESs), combining diﬀerent
hydrogen bond acceptors [betaine (Bet), urea (U), and cholinium chloride (CC)] and hydrogen bond donors [formic acid (FA),
acetic acid (AA) propanoic acid (PA), and lactic acid (LA)], were investigated. First, the ability of the aDESs to dissolve commercial
chitin was compared and then, based on the solubility data obtained, the most eﬃcient aDESs were chosen to extract chitin directly
from red crayﬁsh shell wastes. Considering that up to 10 wt % of commercial chitin was dissolved in the aDES CC:LA 1:2 and
Bet:LA 1:2, these were further applied to extract chitin from crayﬁsh shell wastes. Using these aDES as solvents, a high-quality chitin
was obtained with a crystallinity index >80%, and a degree of acetylation >90%. The ﬁndings demonstrated the suitability of aDESs
to enhance dissolution and hence to eﬃciently extract chitin from diﬀerent raw biomass without compromising the polymer
structural integrity.
KEYWORDS: chitin dissolution, chitin extraction, acidic deep eutectic solvent (aDES), crayﬁsh shell wastes, alternative feedstocks
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INTRODUCTION
Chitin is a promising biopolymer which has a high potential in
the biomedical market.1 It is the most abundant natural
polysaccharide on earth after cellulose,2 being a linear
polysaccharide composed of β-(1−4)-linked N-acetyl-D-glucosamine repeating units (Figure S1)3,4 that can be found in the
outer skeleton of arthropods (e.g., crayﬁsh), marine invertebrates, insects, cell walls of some fungi, daphnids, and so
forth.3−7 Depending on the source, chitin is found mainly in α
and β allomorph forms. α-chitin (the most abundant in nature)
is composed of antiparallel chains, whereas β-chitin has
intrasheet hydrogen bonding with parallelly aligned crystalline
structures. Due to its speciﬁc intermolecular hydrogen bonding
network, dissolving chitin is very diﬃcult.8,9 This biopolymer
has many potential applications in medicine, food, cosmetic,
agriculture, and biomaterials due to its low toxicity, high
biocompatibility, biodegradability, bioactivity, antibacterial and
wound-healing properties.8−12 Despite its availability and
accessibility, chitin remains underexplored because of its very
low solubility in water and in most organic solvents.13,14 Till
© XXXX American Chemical Society

now, only a few solvents have demonstrated the ability to
dissolve chitin, including harsh solvent systems like sodium
hydroxide/urea, N,N-dimethylacetamide/lithium chloride, and
strong acids like phosphoric acid, methanesulfonic acid, and
some ﬂuorinated solvents.15−17 However, many of these
solvents are toxic and corrosive and induce some degradation
of the biopolymer, making its recovery a rather diﬃcult
task.18,19 Some imidazolium-based ionic liquids (ILs),
previously claimed as sustainable alternatives to organic
solvents, have shown excellent ability for the dissolution of
chitin.18−25 However, cost, complexity in preparation and, in
some cases, poor biodegradability have been recognized as
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their main drawbacks.26 In this work, acidic deep eutectic
solvents (aDESs) are studied as an alternative media for chitin
dissolution. In general, DESs are prepared by mixing hydrogen
bond acceptors (HBAs), such as cholinium chloride and urea,
and hydrogen bond donors (HBDs), such as amino acids,
carboxylic acids, or sugars, among others.26−28 These have
been recognized as low-cost solvents, which have low toxicity,
are easy to prepare, are highly biodegradable, and have good
recyclability and reusability.27−33 Nowadays, DESs have been
investigated in diﬀerent applications, including organic synthesis, materials chemistry, catalysis, and extraction processes.30,31 Till now, only limited studies are reported on the
solubility of chitin in DESs.32 Therefore, further studies are
required to improve the dissolution and extraction of chitin
from diﬀerent sources using more sustainable solvents.
Crustacean industries discard huge amounts of wastes every
year, which is becoming a worldwide economic and environmental concern. However, up to now, only a limited
proportion of the crustacean wastes is converted into ecoeﬃcient biobased products.34,35 Therefore, there is a strong
need to make high value use of crustacean wastes, which is an
important and alternative source of chitin. Organic solvents
such as N,N-dimethylacetamide/lithium chloride and strong
acids are toxic, corrosive, and insuﬃcient to remove minerals
and proteins from chitin source.14−17 In this sense, DESs have
been found to be a promising alternative to traditional solvents.
Chitin can be extracted with high purity from various bio
resources using cholinium chloride-based DES.36−41 Most of
the works dealing with DESs in the literature describe the
extraction of chitin from lobster and shrimp shells.40−46
Saravana and co-workers,33 for example, have tested 14 DESs
to obtain chitin from shrimp shells. The authors reported the
high purity of chitin using cholinium chloride-malonic acid
(1:2) with an extraction yield 19.41 ± 1.35%. Zhu et al.36
obtained chitin from lobster shells using four diﬀerent
cholinium chloride-based DESs. In another study, high purity
chitin was extracted from the shrimp shells using cholinium
chloride−malic acid-based DES with the assistance of
microwave irradiation.37 More recently, Bradić and collaborators42 have selected cholinium chloride−lactic acid as the
best solvent to extract chitin from shrimp shells with a yield of
23 wt % and purity higher than 98%.
Although good results were obtained so far, their totality was
applied to lobster and shrimp shells. However, red swamp
crayﬁsh is also a very good example of a natural source of chitin
to be explored. This crustacean is appreciated as food in North
America (e.g., United States, mainly Louisiana), Latin America,
Western Europe, Eastern Europe, China, Japan, and the
Middle East and Africa. In some other countries, like Portugal,
it is an invasive species threatening the aquatic environment.
Thus, as a control of an invasive species or to valorize
crustacean wastes, the exploitation of red crayﬁsh shells may
play a crucial role under the concept of circularity. Nevertheless, there is no single report available throughout the
literature focusing on both the dissolution and extraction of
chitin from crayﬁsh using low-cost and environmentally
friendlier DESs. Therefore, a comprehensive study has been
carried out in the present study, which discloses the utilization
of a large range of acidic DESs (aDESs) to enhance the
dissolution of chitin and hence its eﬃcient extraction from
crayﬁsh shell wastes.
Herein, a series of aDESs was prepared considering diﬀerent
combinations of HBAs [betaine (Bet), urea (U), and
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cholinium chloride (CC)] and HBDs [formic acid (FA),
acetic acid (AA) propanoic acid (PA), and lactic acid (LA)] at
a molar ratio 1:2, except U:FA and U:AA, which were assessed
at a 1:5 M ratio (these aDESs were not liquid at room
temperature when prepared at a 1:2 M ratio) for the
dissolution of chitin. First, we compared the ability of various
aDESs to dissolve a given mass of commercial chitin, and then,
the most eﬃcient aDESs were chosen to extract chitin directly
from red crayﬁsh shell wastes. The extracted chitin was then
characterized using diﬀerent analytical techniques. The results
of Fourier transform infrared (FT-IR) spectroscopy, thermogravimetric analysis (TGA), powder X-ray diﬀraction (PXRD),
and scanning electron microscopy (SEM) showed that the
quality of the extracted chitin using aDES was comparable to
that of commercial chitin. Envisioning the industrialization of
the process, a low amount per gram of biomass was selected
with the recycling and reuse of the best aDES developed for
three cycles, with no loss of extraction capacity or further
degradation of the solvent or even a signiﬁcant accumulation of
impurities.

■

MATERIALS AND METHODS

Materials. Chitin (CAS 1398-61-4) obtained from crab shells was
purchased from TCI Fine chemicals, Tokyo, Japan. Formic acid
(98%) and urea (>99%) were purchased from Panreac, acetic acid
(99%) was supplied by Fisher Scientiﬁc, propionic acid (>99%) was
acquired from Merck Chemicals, L(+)-lactic acid (88−92%) was
obtained from Riedel de Haën, and cholinium chloride (99%) and
betaine (98%) were purchased from Acros Organics. N,Ndimethylacetamide (≥99%) and lithium chloride, ACS reagent,
>99%, were purchased from Sigma-Aldrich.
Preparation of aDESs. First, the water content comprising the
starting materials was measured using a Metrohm 831 Karl Fisher
coulometer to guarantee the correct molar proportion in the
preparation of aDES (Table S1). Various aDESs were prepared
using an adaptation of the method proposed by Abbott and coworkers.27 Brieﬂy, the HBD and HBA were mixed in sealed glass vials
with a stirring bar and heated in an oil bath at 60 ± 5 °C, with
constant stirring until a transparent liquid was obtained. After the
formation of a liquid, the mixtures were kept at this temperature for 1
h and then returned to room temperature. The prepared DESs were
dried under vacuum for 48 h. The chemical structures and
abbreviation of HBA and HBD are depicted in Figure 1.
Dissolution of Chitin in aDESs and Its Regeneration. Finely
ground puriﬁed commercial chitin (see Supporting Information for

Figure 1. Chemical structures of HBDs and HBAs.
B
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more details) was added in small portions (1.0 wt %) to DESs each
time, and the mixtures were heated at 100 °C. The dissolution was
assessed after every 2 h visually and with an optical microscope.
Mixtures were left until complete dissolution was observed. If the
polymer was not completely dissolved, the temperature was raised by
5 °C and the mixture was stirred until complete dissolution could be
conﬁrmed. This procedure was repeated as long as the added chitin
dissolved in the DESs and further dissolution conditions were
optimized. After that, the dissolution of the commercial chitin in all
aDESs was carried at optimized temperature and time, respectively, at
115 °C and 14 h. A semi-transparent and homogeneous slurry was
obtained at higher concentration of chitin. Chitin was regenerated by
applying water as antisolvent. The regenerated chitin samples were
washed 10−12 times with water and then 3−4 times with ethanol and
dried at 60 °C till constant weight. The regenerated chitin powder
obtained was light brown in color.
Extraction of Chitin from Red Crayﬁsh Shells Using aDESs.
Red crayﬁsh shells were washed 5−6 times with tap water and
distilled water to remove blood, meat, and any other impurities. After
that, shells were dried in an oven at 60 °C for 2 days. The dried shells
were ground for 2 min using an electric lab mill and separated using
brass sieves with pore sizes ranging from 1 mm to 2 mm. The milled
crayﬁsh shells were stored at −20 °C until use. Crayﬁsh shells were
mixed with aDESs in 1:20 (wt %) in a 50 mL glass vial with a
magnetic stir bar. The mixture was vigorously stirred and heated in an
oil bath at 115 °C using a digital stirring hotplate for 20 h. A brown
color homogeneous semi-transparent slurry was obtained. After that,
water was added to dilute the mixture and was stirred for 10 min at 60
°C. Then, the product was ﬁltered, the ﬁltrate was collected, and the
water was evaporated to recover the aDES using vacuum rotary
evaporation at 60 °C. The solid product was washed repeatedly with
distilled water. Finally, the product was washed with ethanol and dried
in oven at 60−70 °C, yielding light brownish ﬂakes which were
characterized and identiﬁed as chitin. The chitin yield was calculated
using eq 1.47
Chitin yield(%) =

Mec × Cec
× 100%
Mcb × Ccb
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with KBr at a sample/KBr ratio of 1:60. The DA was calculated
through eq 2.
DA = (A1655 /A3450) × 100

(2)

where A1655 and A3450 are the absorbance values obtained at 1655
cm−1 of the amide I band representing the N-acetyl group content and
3450 cm−1 corresponding to the hydroxyl band, respectively.

■

RESULTS AND DISCUSSION
Dissolution of Chitin Using aDESs. Dissolution of
puriﬁed commercial chitin in various aDESs was performed
by adding the desired amount of chitin in each aDESs; then,
the mixture was stirred at 115 °C for 14 h. After, a semitransparent mixture was obtained and dissolution was
conﬁrmed by microscopy (Figure 2).32 Maximum dissolution
of chitin (11 wt %) was observed in the aDES consisting of
CC:FA 1:2 (Figure 3).

(1)

where Mec is the mass of dried extracted chitin and Mcb is the mass of
crayﬁsh biomass. Cec is the chitin content (wt %) of the dried
extracted chitin, and Ccb is the chitin content (wt %) of the crayﬁsh
biomass.
Characterization. Characterization of all chitin samples was
carried out using diﬀerent analytical techniques. FT-IR was studied
using a single reﬂectance ATR cell (Golden Gate, equipped with a
diamond crystal). The FT-IR spectra were obtained in the
wavenumber range of 4000−350 cm−1 by accumulating 256 scans,
with a resolution of 4 cm−1 in transmittance mode. TGA was carried
out by GA-50 Shimadzu on the temperature range of 10−700 °C and
a heating rate of 10 °C min−1 under a nitrogen atmosphere. PXRD
patterns were recorded at 298 K on an Empyrean, Malvern Panalytical
powder diﬀractometer system using Cu Kα radiation (45 kV, 40 mA,
Cu Kα radiation of λ = 1.54018 Å with 2θ range from 5 to 50° at a
scan speed of 0.0263° s−1). SEM analysis was studied using a Hitachi
SU-70 scanning electron microscope operating at 15 kV, and dried
chitin samples were deposited on carbon conducting tape and coated
with a carbon layer. The densities (ρ) of the diﬀerent samples were
measured using a Mettler Toledo, DE45 delta range density meter at
25 °C. The instrument was calibrated using double-distilled water and
air. The standard deviations (sd) associated with the density
measurement are estimated to be ±0.005 g cm−3. The dynamic
viscosities (η) of the systems were measured using a falling ball
viscometer (Anton Paar, AMVn, resolution of 0.01 K and accuracy
<0.05 K) having calibrated glass capillaries of diﬀerent diameters (1.6
and 1.8 mm). The instrument calibration was done using doubledistilled water before each experiment.
The degree of acetylation (DA) of chitin was determined by FT-IR
analysis using a 400 PerkinElmer spectrometer (PerkinElmer,
Norwalk, CA, USA). The extracted chitin samples were prepared

Figure 2. Optical photographs and microscopic images of the chitin
mixture in CC:FA 1:2 before and after the treatment with CC:FA 1:2.

Figure 3. Solubility (wt %) of chitin in various aDESs.

From Figure 3, it can be seen that CC:FA 1:2 can dissolve
up to 11 wt %, followed by CC:LA 1:2 (10 wt %), Bet:FA 1:2
(10 wt %), and Bet:LA (9 wt %). These results are similar to
those reported by Prasad et al.32 using CC:U (1:2) and
CC:thiourea (1:2) to dissolve 9 wt % of α-chitin.32 However,
the present results showed higher solubility when compared to
published literature on ILs.21,22 Wu et al.21 reported the
maximum dissolution of commercial α-chitin from crab shells
C
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[Lot. no. 0930−17, DA = 99%, Koyo Chem. Co Ltd. (Japan)]
up to 6 wt % using the 1-butyl-3-methylimidazolium acetate
([C4mim][Ac]) at 110 °C. Later, Prasad and collaborators22
reported a maximum solubility of α-chitin from crab shells (DP
2000−4000, DA 94.6%), up to 5−7 wt % in 1-allyl-3methylimidazolium bromide ([Amim]Br) at 100 °C. Some
solvent systems for chitin have been reviewed by Pillai and coworkers.14 They report that the LiCl-tertiary amide solvent
system can dissolve 5% (w/v) chitin.14 From Figure 3, it was
observed that aDESs containing FA and LA gave higher overall
chitin solubilities. The maximum amount of chitin dissolved
decreased in the order: CC:FA 1:2 > CC:LA 1:2 ≥ Bet:FA 1:2
> Bet:LA 1:2 (Figure 3). The mechanism of dissolution can be
explained based on the interaction between the HBA and HBD
components of aDES; their interaction with inter- and
intramolecular H-bonds of chitin results in breaking of the
H-bond network of chitin, thus facilitating its dissolution.
Other authors37,48 also have suggested that ILs and DES
dissolve biopolymers by disturbing the intra- and intermolecular hydrogen bonding present in the natural polymers. Our
results are in line with these proposed mechanisms, which
shows that hydrogen bonding capacity of the aDES are
responsible for dissolution of chitin. For example, the aDESs
containing FA and LA have an increased capacity to establish
hydrogen bonds, and we observe the highest solubility with
these aDES.
The regenerated chitin was characterized by FT-IR, XRD,
TGA, and SEM and compared with puriﬁed commercial chitin
(untreated chitin). The FT-IR spectra of untreated and treated
chitin samples are presented in Figure 4. Figure 4 clearly shows
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Figure 5. (A) TGA and (B) DTG thermograms of untreated and
regenerated chitin from aDESs.

> Bet:FA 1:2 > CC:FA 1:2. The TGA thermogram of the
regenerated chitin from CC:FA 1:2 (345 ± 2 °C) and Bet:FA
1:2 (356 ± 2 °C) showed a signiﬁcant decrease in the thermal
stability of the biopolymer in comparison to other aDESs, as
already reported as well for the use of CC/thiourea-based
DESs.32 Nevertheless, it seems that the thermal stability of
regenerated chitin from U:LA 1:2, CC:LA 1:2, and Bet:LA 1:2
is maintained and similar to that of untreated chitin (368 ± 2
°C), meaning the preservation of its thermal stability.
To better understand the biopolymer crystallinity, the XRD
patterns of untreated and regenerated chitin samples were
evaluated and are shown in Figure 6. The results demonstrated
the characteristic crystalline reﬂections at 2θ = 9.3, 12.8, 19.2,
Figure 4. FTIR spectra of untreated chitin and regenerated chitin
from aDESs.

the characteristic amide I bands at 1656 and 1619 cm−1 and an
amide II band at 1553 cm−1 on the treated samples, as also
found for the untreated chitin sample.40−44 This information
suggested that the structure of biopolymer is maintained after
treatment with aDESs.
The thermal stability of chitin samples was further compared
using TGA thermograms (Figure 5). Figure 5A,B shows that
the ﬁrst mass loss occurred in the range of 60−80 °C, which
can be attributed to the evaporation of water from the chitin
samples, while the second mass loss was observed in the range
of 200−400 °C, due to degradation of chitin.7 The DTGmax
of regenerated chitin samples depicted in Figure 5 follow the
degradation in the order: U:LA 1:2 > CC:LA 1:2 > Bet:LA 1:2

Figure 6. PXRD patterns of untreated and regenerated chitin.
D
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Figure 7. SEM images (magniﬁcation 6 K) of untreated and regenerated chitin with diﬀerent aDESs.

Scheme 1. Representative Diagram of the Extraction of Chitin from Crayﬁsh Shells Waste Using aDES (CC:LA 1:2 Shown)

Untreated chitin showed an irregular distribution of ﬁber
structure, similar to what is observed for the chitin regenerated
from the CC:FA 1:2 Bet:LA 1:2 and U:LA 1:2. Chitin samples
regenerated from CC:LA 1:2 and Bet:LA 1:2 exhibited a more
regular microﬁbrillar crystalline structure.
After comparing all the results, it is worth noticing that
CC:LA 1:2 and Bet:LA 1:2 have the highest dissolving power
for commercial chitin without compromising its structural
integrity and crystallinity as compared to other aDES.
Following this rationale, these two aDESs (CC:LA 1:2 and
Bet:LA 1:2) were selected to extract chitin from crayﬁsh shells
waste.
Extraction of Chitin from Crayﬁsh Shell Wastes. Based
on the results, CC:LA 1:2 and Bet:LA 1:2 were chosen as the
most appropriate solvents for the extraction of chitin from
crayﬁsh shell wastes. Contrary to what has been reported in

21, 23.3, and 26.3° for untreated chitin and reconstituted
chitin.49 We found slight intensity diﬀerences only at 26.3°,
which could be due to the dissolution process. Similar XRD
patterns of the untreated and regenerated biopolymer further
conﬁrm the presence of crystallinity in the regenerated chitin
samples. The crystalline index values (CrI) calculated from the
XRD data are presented in Table S2.33 CrI values for samples
treated with aDES were found to be ranging between 78 ± 2−
85 ± 1%, while for untreated chitin, the value was found to be
around 88%. These data suggest that the process of chitin
dissolution and regeneration in aDESs did not much aﬀect the
crystallinity (Figure 6) of the biopolymer.
Finally, SEM studies were carried to evaluate the
morphology of untreated and regenerated chitin with the
main results depicted in Figure 7. Slight changes in the chitin
macrostructure after treatment are visible in the SEM pictures.
E
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literature studying shrimp or lobster shells,40−46 our intention
in this work was to improve the range of applicability of the
process studied, using for that crayﬁsh shells waste, so far a
neglected residue. A schematic representation of the chitin
extraction from crayﬁsh using CC:LA 1:2 is shown in Scheme
1. After precipitation of chitin, the aDES was separated from
the biopolymer, allowing for the direct reuse of 85−90% of the
aDESs for three consecutive cycles (Figure S2). For each cycle
of reuse of the aDES, there was a decrease of only 5 wt % in
the chitin yield. After three cycles, however, the recovered
aDES was brown in color and highly viscous (see Scheme 1),
possibly because of the build-up in proteins.
The chitin samples after recovery were characterized by FTIR, TGA, XRD, and SEM studies. The chitin content in
extracted samples was calculated according to the previously
reported method with slight modiﬁcations (Table S3).47,50 The
chitin yield was found to be 85 ± 1% for both aDESs. Moisture
content of the crayﬁsh biomass and extracted samples was
determined by the Association of Oﬃcial Analytical Chemists
(AOAC) method,51 which is described in the Supporting
Information.
FT-IR spectra (Figure 8) of the chitin extracted from
crayﬁsh shells using both aDESs show the presence of O−H
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using viscosity-based measurements, and Mw values were found
to be 1.94 ×105 and 2.24 × 105 g mol−1 using CC:LA 1:2 and
Bet:LA 1:2, respectively (Table S4). However, we were not
able to dissolve the commercial chitin in DMAc/LiCl solvent,
probably due to its high molecular weight, as also reported by
Wineinger and co-authors.54 Furthermore, the thermal stability
of the extracted chitin was also studied by TGA; the results are
depicted in Figure 9. The thermal stability of the extracted
chitin from crayﬁsh using aDESs was slightly higher than that
of commercial chitin from crab shells.

Figure 9. TGA of the crayﬁsh shell, commercial chitin, and chitin
extracted using CC:LA 1:2 and Bet:LA 1:2 from crayﬁsh shells.

The XRD spectra pattern of the extracted chitin samples are
presented in Figure 10. The XRD patterns of the crayﬁsh

Figure 8. FT-IR spectra of the crayﬁsh shell, commercial chitin, and
chitin extracted using CC:LA 1:2 and Bet:LA 1:2 from the crayﬁsh
shell.

and N−H groups at 3426 and 3261 cm−1, respectively. The
chitin can be characterized by three signiﬁcant amide bands at
1656, 1555, and 1311 cm−1, which correspond to the amide I
stretching of CO, the amide II of N−H, and amide III of
C−N, respectively; these are the most important and
characteristic signals present in chitin.36−40 It is very
interesting to note that the broad band at 1642 cm−1 present
in crayﬁsh shells split into 1656 and 1624 cm−1 after extraction,
which represents the amide I band of chitin. The extracted
chitin samples show FT-IR spectra that are almost similar to
those obtained for the commercial ones. This is attributed to
both types of H-bonds formed by amide groups present in
crystalline regions of the biopolymer. Finally, the CH
deformation of the β-glycosidic bond can be seen at 896
cm−1 in the extracted chitin.52
The DA of extracted chitin was determined by FT-IR
analysis53 and found to be 93 ± 1% and 96 ± 1% by using
CC:LA 1:2 and Bet:LA 1:2, respectively (Table S4); the DA of
commercial chitin was found to be 95 ± 1%. The average
molecular weight (Mw) of the extracted chitin was calculated

Figure 10. PXRD patterns of the crayﬁsh shell, commercial chitin,
and chitin extracted using CC:LA 1:2 and Bet:LA 1:2 from crayﬁsh
shells.

biomass showed weak crystalline peaks around 9.1, 19, 22, 23,
25, 32, 36, 40, and 43° and an intense peak around 29.3°.
Upon extraction, the peaks at 9.1 and 19.2° become more
intense and new peaks at 12.8 and 26.3° appeared for extracted
chitin samples, while other peaks (after 35°) disappeared.
Compared with the diﬀraction peaks of the crayﬁsh shell, the
chitin samples recovered from biomass were found to be free
from the crystalline peak of CaCO3 at 29.3° and other
F
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pure chitin from crayﬁsh wastes. In the end, chitin with high
purity was obtained using CC:LA 1:2 and Bet:LA 1:2, with a
chitin yield 85%, a crystallinity index >80%, and a degree of
acetylation >90%. Furthermore, 85−90% of the aDES was
recovered in each cycle and reused for three cycles with only
small losses in chitin weight (around 5%) for each cycle. The
successful recycling of the aDESs makes the overall process
much more sustainable and cost-eﬀective. The ﬁndings of the
present study provide the basis for a sustainable zero-waste
process for the recovery of chitin from the abundant crayﬁsh
shell waste using green solvents. In the end, this work has
provided an improved path on the biotechnological
exploitation of nuisance freshwater species and wastes, which
may be further applied on the valorization of other species.

minerals, thus indicating an eﬃcient demineralization process.38 The diﬀraction pattern of the extracted chitin from
crayﬁsh was found very similar to commercial chitin.38 The CrI
for chitin extracted with CC:LA 1:2 and Bet:LA 1:2 were
found to be, respectively, 83 ± 2 and 85 ± 1% (Table S4),
compared to the 88 ± 2% of the commercial chitin sample.
The diﬀraction pattern and CrI values of the extracted chitin
samples from crayﬁsh are similar to those of the dissolved and
precipitated chitin using CC:LA 1:2 and Bet:LA 1:2 (Figure 6,
Table S2), which conﬁrms the structural similarity between
them.
Further, the morphologies of the crayﬁsh shell and chitin
samples after extraction from the crustacean biomass were
compared by SEM (Figure 11). The crayﬁsh shells exhibit a
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Figure 11. SEM images of the crayﬁsh shell and chitin extracted using
CC:LA 1:2 and Bet:LA 1:2 from crayﬁsh shells. Magniﬁcation of
samples 6 K.
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heterogeneous morphology characterized by a regular texture,
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relatively homogeneous macrostructure, when compared with
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CONCLUSIONS
In this work, we demonstrated a comprehensive study on the
utilization of a variety of aDESs to enhance the dissolution of
chitin and hence its eﬃcient extraction from crayﬁsh shells
waste. Up to 10 wt % of chitin could be dissolved in the aDES
composed of CC:LA and Bet:LA at a molar ratio of 1:2.
Through the dissolution results obtained for a commercial
sample of chitin, it was possible to present an eﬃcient and
more sustainable downstream process using aDESs to obtain
G
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