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ABSTRACT:  The inorganic components of crustacean shells are usually removed using HCl solutions. This provokes 
undesirable modifications in the extracted chitin. In the present procedure, deproteinized lobster shells 
were demineralized with CO2 and a cationic resin (cationite). The resulting chitin (CHI-CO2) is compared in 
terms of degree of acetylation (DA), crystallinity index (CrI) and thermal stability with chitins obtained by 
demineralization procedures with HCl (CHI-HCl) and ethylenediaminetetraacetic acid (CHI-EDTA). The 
ash content of chitins demineralized with CO2 was similar to that of chitins prepared using HCl or EDTA. 
However, the resultant DA and CrI of CHI-HCl and CHI-EDTA were lower than those of CHI-CO2. Thermal 
stability of CHI-CO2 was also higher, with maximum decomposition velocity at 360 °C, above those of CHI-
EDTA (348 °C) and CHI-HCl (332 °C). This indicates that the use of CO2 and a cationite for demineralizing 
lobster shells is a promising alternative to conventional HCl and EDTA treatments for obtaining chitin.
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1 INTRODUCTION

Chitin is a linear polysaccharide composed of N-acetyl-
2-amino-2-deoxy-D-glucose units linked together by 
β(1→4) glycosidic links. It is widely distributed in 
nature where it is found in arthropods, insects, arach-
nids, fungi and algae, among others [1]. 

Commercial chitin is generally produced from 
the residues of seafood processing plants, the main 
sources being the shells of shrimps, prawns, crabs and 
lobsters. Although the composition of the raw mate-
rial varies with the species, the extraction procedures 
almost invariably contain four main steps: raw mate-
rial conditioning (cleaning and grounding), protein 
extraction (deproteinization), elimination of inorganic 
material (demineralization) and bleaching (pigment 
removal) [2–4]. Most of the techniques developed 
involve chemical processes to remove the protein and 
the inorganic material and some include a bleaching 
step of the resulting chitin either by solvent extraction 

or by oxidation of the remaining pigments. These 
chemical isolation treatments can generate undesir-
able modifications in the resulting chitin, such as 
decrease in the degree of acetylation (DA), crystallin-
ity, molecular weight and thermal stability. Enzymatic 
treatments are being investigated as a promising alter-
native. Processes have been reported using enzyme 
extracts or isolated enzymes and microbial fermen-
tation, but still without the efficiency of chemical 
methods, in particular as regards the removal of the 
inorganic material [5].

Deproteinization of crustacean shells is often car-
ried out with dilute NaOH solutions at 65–100 °C from 
0.5 to 72 h. Some procedures involve two consecutive 
treatments for a short time, since long times or high 
temperatures can provoke chain scission and partial 
deacetylation of the polymer [2]. Enzymatic extracts 
or isolated enzymes and microbiological fermenta-
tion have been tested with some success, but the alter-
native of the enzymatic/microbiological treatment, 
besides being time-consuming, usually leaves 1–7% of 
residual protein [5].

The main inorganic component of crustacean shells 
is CaCO3, which is usually eliminated using dilute HCl 
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solutions at room temperature, although other acids 
have also been used (HNO3, H2SO4, CH3COOH). The 
acid concentration and the time of treatment depend 
on the source of chitin, but, in any case, high tempera-
tures should be avoided to prevent polymer degrada-
tion [2]. Alternative treatments to prevent degradation 
consist in the use of ethylenediaminetetraacetic acid 
(EDTA) [6] or ionic liquids [7].

In a recent publication we used CO2 for the demin-
eralization of lobster shells and described the kinetics 
of the process, which turned out to be of pseudo-first-
order [8]. 

The aim of the present work is to devise a method of 
obtaining chitin using milder conditions in the demin-
eralization step than the traditional industrial pro-
cesses using HCl solutions. In the present procedure, 
demineralization of deproteinized spiny lobster shells 
will be performed using CO2 and a cationic exchange 
resin. The resulting chitin will be compared in terms 
of degree of acetylation (DA), crystallinity index (CrI) 
and thermal stability of chitins obtained by demineral-
ization using HCl and EDTA treatments.

2 EXPERIMENTAL

2.1 Materials

Spiny lobster (Panulirus argus) shells were obtained 
from the seafood processing plant at La Coloma (Pinar 
del Rio, Cuba). The cation exchange resin (hereinafter 
also called cationite) used was Dowex 50X8, Na+-form 
(BDH, England). CO2 gas cylinder with 99% purity and 
10 MPa was supplied by the CO2 plant (Guanabacoa, 
Cuba). All other reagents used were analytical grade.

2.2  Lobster Shell Processing Before 
Demineralization

Lobster shells were washed thoroughly with abundant 
water to remove adventitious proteins, soluble organ-
ics and other impurities, and dried in air for 24 h. The 
dry shells were ground in a hammer mill to particle 
sizes between 200 and 400 μm. Afterwards, they were 
deproteinized by three successive 1 hour treatments 
with 0.5 M NaOH at 80 °C. Next they were washed 
with tap water and distilled water until neutral, dried 
in air and stored at 4 °C until use.

2.3  Demineralization by Conventional 
Methods

Chitin samples were obtained by two widely 
used demineralization procedures [2]. One sam-
ple was obtained with HCl, and the other with 

ethylenediaminetetraacetic acid (EDTA). They were 
labeled as CHI-HCl and CHI-EDTA, respectively. 
CHI-HCl was prepared by treating 50 g of dry depro-
teinized lobster shells with 2 M HCl at 30 ± 1 °C and a 
solution to solid ratio of 10 mL·g–1. After 3 h, the result-
ing chitin was removed by filtration, washed with 
abundant water to neutrality and dried in an oven at 
50 °C. CHI-EDTA was prepared by treating 50 g of dry 
deproteinized lobster shell with 500 mL of 1 M EDTA 
in NH4Cl/NH3 buffer solution at pH 10 for 24 h. After 
that, the material was removed by filtration, washed 
with abundant water to neutrality and dried in an 
oven at 50 °C. Both chitin isolation procedures were 
made in triplicate. 

2.4 Demineralization Using CO2

Demineralization reaction was carried out in a 2 L 
Büchner funnel with a sintered glass disc No.1 con-
nected with a hose to a CO2 gas cylinder provided 
with a pressure regulator. This kind of arrangement 
has been used before for reactions involving CO2 and 
it allows achieving good homogeneity when bubbling 
the gas through aqueous solutions [9]. CO2 was sup-
plied continuously at 5 L·min–1. Before reaction, 1 L of 
water was added to the funnel and was saturated with 
CO2 bubbling the gas during 10 minutes. Then, a given 
amount of deproteinized shell was added and the CO2 
stream was maintained for 3 hours. The temperature 
was set at 25 ± 1 °C. Afterwards the resultant chitin 
(CHI-CO2) was filtrated, washed with distilled water 
and dried in an oven at 50 °C. In order to ensure a high 
degree of demineralization a cationic exchange resin 
of Dowex 50X8 was incorporated into the reacting sys-
tem. It was used in a 1:5 shell/resin mass ratio. The 
resin was placed in the reactor inside a polyethylene 
net to isolate it from the shell particles.

2.5 Characterization Techniques

Moisture content was determined by the gravimet-
ric method. A previously weighed amount of sample 
was dried in an oven at 105 °C to constant weight. The 
moisture content was calculated from the difference 
between the weights of the original wet sample and 
the dry sample, as shown in Equation 1.

 Moisturecontent
Wet weight Dry weight

Wet weight
%( ) =

−
×100  (1)

To determine the ash content 1.0 g of sample was 
placed into a previously ignited, cooled, and tarred 
crucible. The sample was placed in a muffle furnace 
preheated to 600 °C for 4 h. The crucibles were allowed 
to cool in the furnace to less than 200 °C and then 
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placed into desiccators with a vented top. The ash con-
tent was calculated as follows:

 Ash
Weight of Residue
Weight of Sample

%( ) = ×100  (2)

Experiments were performed in triplicate and the 
results are expressed as the mean ± SD.

The HCO3
–, Mg2+ and Ca2+ ion concentrations were 

estimated following recommended standard volumet-
ric analytical methods established for their determina-
tion in water [10].

Protein contents were determined by micro Lowry 
method [11]. Protein was extracted from the shells 
with KOH 1 M with a liquid to solid ratio of 20 mL·g–1 

at 90 °C with magnetic stirring for two h. After vac-
uum filtration, the protein content in solution was 
determined in a UV spectrophotometer. Bovine serum 
albumin (BSA) was used as standard. The content 
of lipids was evaluated by gravimetry after previ-
ous soxhlet extraction from the shell samples with 
n- hexane for 3 h. 

Thermal behavior of samples was examined by dif-
ferential thermal analysis (DTA) and thermogravimet-
ric analysis (TGA) using a thermal analyzer NETSZCH 
SDT Q600 V8.3 at a heating rate of 10 °C·min–1, from 25 
to 900 °C in nitrogen atmosphere.

X-ray diffraction data were recorded in a PANalytical 
X’Pert Pro MPD (Almelo, The Netherlands) device 
equipped with Cu X-ray tube and two goniometers in 
θ–2θ vertical configuration and optical Bragg-Brentano 
inoLab®. Diffraction patterns were recorded over a 2θ 
range of 5–50° in continuous mode. The step size was 
0.04° and 1.0 s per step.

The FTIR spectra were recorded by the KBr pellet 
technique in the spectral range from 4000 to 500 cm–1 
by using a Bruker Tensor 27 (Bruker, Germany) 
Fourier-Transformed Infrared Spectrophotometer. 
Spectra were obtained with a resolution of 2 cm–1 and 
were averaged over 100 scans. Samples (5 mg) were 
thoroughly dried and ground with KBr. Discs were 
prepared by compression under vacuum.

3 RESULTS AND DISCUSSION

The main components of the shell of the spiny lobster 
Panulirus argus are listed in Table 1. It is worth men-
tioning the reproducibility of the composition found 
with the previously reported one and the high value of 
ash content of shells. This ash content is much higher 
than those reported for most chitin sources, such as the 
head of shrimps (20–30 wt%), squid pen (<0.7 wt%) 
or crab carapaces (40–58 wt%), depending on the spe-
cies [3, 12]. However, it is similar to other lobsters, like 
Homarus americanus (>50 wt%) [13]. This implies that 

chitin isolation from spiny lobster will require harsher 
reaction conditions than most of typical chitin sources, 
such as a higher concentration of reactants and longer 
reaction times [2, 14].

The inorganic components of the spiny lobster 
shell have been evaluated by X-ray fluorescence [15]. 
Twelve different chemical elements were identified. 
The main ones were Ca (32.5 wt%), Mg (2.4 wt%), Cl 
(1.97 wt%), P (1.38 wt%) and Na (1.18 wt%). In spite of 
the high sensibility of the method, Cd, Pb, As and Hg 
were not detected.

The procedure followed to isolate chitin in the pres-
ent study involved a protein extraction step preceding 
demineralization. Chitin samples obtained were not 
subjected to further purification steps before charac-
terization, so that the difference between them would 
only be due to the procedure used for removing the 
inorganic component of the deproteinized shell.

The progress of the demineralization reaction of 
deproteinized lobster shells with CO2 has been pre-
viously reported [8]. It was found that the pH of 
the starting CO2 saturated solution was 4.5, but it 
increased rapidly upon the addition of the deprotein-
ized shell, reaching a value of 6 after 50 min of reac-
tion. The acidic conditions of this procedure are less 
severe than those used when demineralization is per-
formed with HCl, where pH values lower that 2 are 
reached. These low pH values can provoke modifica-
tions in the native chitin, such as depolymerization 
and even some deacetylation [16]. 

The dissolution of calcium carbonate provokes a 
rapid increase in the concentration of Ca2+ and HCO3

– 
ions in solution, which is accompanied by the increase 
in pH already mentioned. As expected, the ash con-
tent, determined at 600 °C, decreased continuously 
from 67 wt% for the starting material to 54 wt% after 
50 minutes of reaction. However, afterwards no fur-
ther decrease in the ash content was achieved. 

This indicates that equilibrium is reached, impeding 
further demineralization [9]. The way to attain further 
decrease in the carbonate content of samples is to dis-
place the equilibrium by removing the Ca2+ and Mg2+ 

Table 1 Main components of the shell of lobster Panulirus 
argus.

Component Content (wt-%) I. García (wt-%) [24]

Moisture 12.0 ± 0.5 11

Ashes 54 ± 2 52

Proteins 14 ± 1 15

Lipids 1.1 ± 0.7 n.d.

Chitin 16 ± 2 16

The data are expressed as the mean ± SD of three determinations.
n.d.: not determined
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ions from the solution. Consequently, the demineral-
ization reaction was then carried out, introducing the 
cationic exchange resin Dowex 50X8 Na+ in order to sub-
stitute the Ca2+ and Mg2+ions in solution by Na+ ions [8].

The effect of using the ion exchange resin on the extent 
of demineralization of a deproteinized shell having 
67 ± 1 wt% ash content is appreciated in Table 2. When 
CO2 is used alone (run 1), the ash content of the material 
remains very high (54 ± 2 wt%) even after 2 hours of 
reaction. At that time the Ca2+ and Mg2+ concentrations 
in solution reached 326 and 44,4 mg·L–1, respectively. 
When the resin is used (run 2) the Ca2+ and Mg2+ con-
centrations become lower than 1.0 mg·L–1 and the ash 
content of the resulting material is reduced to 1.3 wt%. 

3.1 Characterization of Samples

3.1.1 Chemical Composition

The composition in terms of humidity, ash and protein 
content of the chitin samples obtained by demineraliz-
ing with HCl (CHI-HCl), EDTA (CHI-EDTA) and CO2 
(CHI-CO2) are listed in Table 3. 

The similar compositions of the three chitins can be 
appreciated. However, it has been stated that HCl can 
affect the structure of chitin [17] and hinder its use in 
certain applications [18]. On the other hand, the use of 
EDTA required a much longer time to achieve a satis-
factory demineralization (12 hours). In this case, it was 
also necessary to considerably decrease the particle 
size and to increase the pH to 10 in order to obtain 
acceptable ash content. Taking into account this con-
sideration, demineralization with CO2 emerges as an 
attractive alternative. 

It is worth mentioning that the yield of chitin cal-
culated based on dry deproteinized lobster shells was 

almost the same for the three methods employed: 28 ± 1 
for CHI-CO2, 27 ± 0.5 for CHI-HCl and 28 ± 0.8 for CHI-
EDTA. The data are the average value with the stan-
dard deviation of three different runs for each method.

3.1.2 Infrared Spectra of Chitins

The infrared spectra of the three chitin samples were 
very similar (Figure 1) and displayed the distinctive 
absorption bands at 2970–2874 cm–1 (aliphatic C–H 
stretching band), 1655 cm–1 (amide I), 1597 cm–1 (NH2 
bending) and 1320 cm–1 (amide III). The absorption 
bands at 1154 cm–1 (antisymmetric stretching of the 
C–O–C bridge), 1082 and 1032 cm–1 (skeletal vibrations 
involving C–O stretching) are characteristic of its sac-
charide structure [19].

The degrees of acetylation (DA) of the three chitins 
were evaluated from the infrared spectra using the 
equation of Baxter et al. [20] and a more recent one pro-
posed by Brugnerotto et al. [21]. In Baxter’s equation:

 DA
A
A

%( ) =










×
1655

3450

115  (3)

where A1655/A3450 represent the absorbance ratio of the 
bands at 1655 and 3450 cm–1, respectively. In contrast, 

Table 2 Comparative results of demineralization experiments on deproteinized shells. Particle size, 300 μm; reaction time, 
120 min; T = 25 °C. 

Run
Ratio1 

(g·mL–1)
CO2 Flux 

(dm3·min–1) Resin (g)
[Ca2+] 

(mg·L–1)
[Mg2+] 

(mg·L–1)
[HCO3

–] 
(mg·L–1) Ash2 (wt-% )

1 8/800 5 0 326 44.4 1567 54 ±2

2 8/800 5 40 ≤1.0 ≤1.0 2013 1.3
1mass (g) of deproteinized shell/mL of solution.
2percent on dry basis.

Table 3 Humidity, ash and protein content of lobster shell 
and the chitins obtained by different procedures.

Composition (wt-%) CHI-HCl CHI-EDTA CHI-CO2

Moisture 10.6 ± 0.6 10.3 ± 0.5 10 ± 1

Ash 1.0 ± 0.3 1.2 ± 0.5 1.3 ± 0.6

Protein <1% <1% <1%
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Figure 1 Infrared spectra of chitins: (a) CHI-EDTA; (b) CHI-
EDTA; (c) CHI-CO2.
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the equation proposed by Brugnerotto makes use of 
the absorbance ratio of two other bands, the one at 
1320 cm–1 and the one at 1420 cm–1: 

 
A
A

DA1320

1420

0 3822 0 03133= − ( ). . %  (4)

The results obtained using both equations are 
reported in Table 4. 

It can be appreciated that the method of Baxter gave 
much lower degrees of acetylation for the three sam-
ples, although both methods of DA determination by 
IR coincide in reporting a higher DA for the sample 
obtained by demineralizing with CO2.

3.1.3 X-ray Diffraction Pattern

Figure 2 shows the X-ray diffraction patterns of lobster 
shell before and after deproteinization together with 
those of chitins isolated by the three demineralization 
procedures used here. The diffraction pattern of calcite 
is also shown for comparison.

The occurrence of CaCO3 in the lobster shell is evi-
denced by the presence of the peaks of calcite in its 
diffraction pattern. After deproteinization the contri-
bution of the calcite peaks to the diffraction pattern of 
the material becomes more prominent. On the other 
hand, chitins prepared by the three procedures almost 
exclusively exhibited the typical crystalline peaks of 
a-chitin, particularly the major ones at 2θ = 19 and 9° 
[22]. No significant difference can be seen in the dif-
fraction patterns of CHI-HCl and CHI-CO2. However, 
in the case of the chitin sample prepared by the treat-
ment with EDTA, some contribution of the main cal-
cite diffraction peak at 2θ = 29.4° can be perceived.

X-ray diffraction patterns allowed calculating the 
crystallinity index (CrI) of the chitins obtained by the 
three procedures. To this end we followed the method 
used by Osorio-Madrazo et al. [23] for the determina-
tion of CrI of chitosan. Briefly, the values of CrI are 
calculated from the separated crystalline peak areas of 
the diffractogram. We first estimate the diffractogram 
of the amorphous contribution directly on the sample 
diffractogram, as indicated in Figure 3 for CHI-HCl. 
Then, the crystalline contribution area (Acrist) between 

Table 4 Degree of acetylation of chitins calculated by IR 
spectroscopy and thermal analysis.

Sample

Degree of acetylation (DA)

Baxter  
(Eq. 3)

Brugnerotto 
(Eq. 4)

Thermal  
(Eq. 5)

CHI-EDTA 55.4 70.4 85.8

CHI-HCl 66.7 74.2 80.5

CHI-CO2 72.6 88.6 92.9
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Figure 2 Powder X-ray diffraction patterns of lobster shell 
and chitins obtained by different procedures: (a) Lobster 
shell; (b) deproteinized shell; (c) CHI-HCl; (d) CHI-EDTA; 
(e) CHI-CO2. The lines at the bottom correspond to the peaks 
reported for calcite [26], represented in the graph with their 
relative intensities.
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Figure 3 Procedure for the calculation of crystallinity 
indexes from X-ray diffraction pattern of chitin prepared 
by demineralization with HCl (CHI-HCl). (a) Diffraction 
diagram of the original chitin CHI-HCl. (b) Estimated cubic 
spline curve for the amorphous contribution of CHI-HCl 
in the X-ray diffraction pattern. (c) Assessed crystalline 
contribution of CHI-HCl after subtracting the amorphous 
estimate (b) from the total diffraction pattern (a).
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7 and 50° (2θ) is obtained from the subtraction of this 
amorphous contribution to the total diffractogram 
of CHI-HCl (Atotal). This permitted us to calculate 
CrI = Acrist/Atotal by integration of the crystalline peaks 
and the total diffraction pattern between 7 and 50° (2θ) 
(Figure 3). The resulting CrI of chitins were 33% for 
CHI-HCl, 49% for CHI-EDTA and 53% for CHI-CO2. 
In spite of the fact that this calculation of the CrI might 
overestimate to some degree the contribution of the 
amorphous phase [23], the results indicate that demin-
eralization with CO2 gives the most crystalline chitins.

3.1.4 Thermal Characterization 

The DTA, TG and DTG curves of the spiny lobster shell 
before and after the deproteinization step are shown 
in Figure 4(a). The first endothermic peak of lobster 
shell at 100 °C with a weight loss of 7.7% corresponds 
to the elimination of water. Further decomposition of 
the sample occurred between 190 and 780 °C. In the 
DTG curve of lobster shell, peaks are observed at 198, 
335, 477, 552 and 714 °C. The first four decomposition 
processes are exothermic, as shown by the DTA curve, 
and are related to the degradation of the organic com-
pounds of the shell (proteins, chitin, pigments and 

lipids), while the peak at 714 °C is endothermic and 
is due to the decomposition of the inorganic material. 
These results are in qualitative agreement with those 
reported by García [24], although in that work the 
DTA curves were obtained in air. 

After deproteinization the material consists mainly 
of chitin and inorganic components, and the DTA 
curve below 600 °C of deproteinized shell in Figure 4(a) 
resembles the DTA pattern of chitin samples depicted 
in Figure 4(b). In this figure the DTA, TG and DTG 
profiles of chitin samples obtained by the three demin-
eralization procedures used in the present work are 
shown. It becomes clear that the thermal behavior of 
chitins depends on the demineralization procedure 
employed. The samples obtained by the HCl treat-
ment started to decompose at lower temperatures. 
The first exothermic peak for CHI-HCl decomposi-
tion has a maximum at 364 °C, while for CHI-EDTA 
and CHI-CO2 it is at 390 °C. The maximum in the DTG 
curves observed at 332, 348 and 360 °C for CHI-HCl, 
CHI-EDTA and CHI-CO2, respectively, also points to 
the lower thermal stability of the sample demineral-
ized with HCl. At the same time, it indicates that the 
more thermally stable chitin was the one obtained 
using CO2.
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Figure 4 Thermoanalytical curves of (a) lobster shell and (b) chitins obtained by different procedures.
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Thermal analysis can be used to evaluate the degree 
of acetylation of chitin [25]. It has been shown that 
the weight loss (X) associated with the main thermal 
decomposition effect of chitin is related to the percent-
age of acetyl groups (Y) of the sample as follows:

 Y = 0.28X – 0.23 (5) 

Before evaluating Y for the three chitins prepared, 
the weight losses have to be referred to as moisture 
and ash free sample [25]. Having estimated Y, the 
degree of acetylation, DA, can be readily obtained 
by the relationship DA = 100Y/21.1, where 21.1 cor-
responds to the percentage of acetyl groups of a fully 
acetylated chitin. The results are listed in Table 4. In 
spite of the difference obtained in the absolute val-
ues of DA obtained with those of IR spectroscopy, 
again it turns out that the higher acetylation degree 
was that of the sample obtained by demineralizing 
with CO2.

4 CONCLUSIONS

Deproteinized lobster shells were demineralized using 
CO2 and a cationic exchange resin. With this procedure, 
the ash content of the material was lowered from 67 to 
1.3%. The use of the cationite is essential, because with 
CO2 alone the ash content was only reduced to 20%. 
Chitin obtained by this method was characterized and 
compared with chitins obtained by demineralization 
with HCl and with EDTA. Similar ash contents were 
obtained in the three cases, but chitin obtained using 
CO2 and a cationite exhibited greater degree of acety-
lation, higher crystallinity and greater thermal stabil-
ity than the ones obtained with HCl or EDTA. These 
better properties of CHI-CO2 are a consequence of the 
milder demineralization conditions of this process. 
Therefore, the use of CO2 and a cationite for deminer-
alizing lobster shells is a promising alternative to the 
conventional HCl and EDTA treatments for obtaining 
chitin.
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