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Abstract

Chitosans I and II were extracted from shrimp shells using two different methodologies that consist of three main treatments:
deproteinization, demineralization, and deacetylation under microwave irradiation; Chitosan I was underwent a fourth treat-
ment (decolorization). The methods that were proposed use fairly high concentrations of NaOH and HCI, but the time dura-
tion for such extractions is shorter compared to conventional methods. The Chitosans samples obtained by these procedures
were characterized by Fourier Transform Infra-Red Spectroscopy, Scanning Electron Microscopy, X-ray diffraction, and
Thermogravimetry. The experimental results show that the degree of deacetylation is higher for Chitosan II since the degree
of deacetylation obtained after deproteinizing the shrimp shells with NaOH 3 N, demineralizing the product of the previous
step with HC1 2 N and deacetylating the Chitin with a 45% NaOH solution with microwave-assisted synthesis for 3.5 min is

88.94, quite close to that of commercial Chitosan.

Introduction

Chitin is a natural polymer abundant in nature [1], from
which it is possible to obtain Chitosan [2]. Chitosan is a
polysaccharide that belongs to the amino group, which is
produced from the deacetylation of Chitin obtained from
crustaceans, fungi, and insects [3]. Chitosan is characterized
as a polymer that is easily bioavailable, renewable, and bio-
degradable [4] and has biological, bacteriostatic, and fungi-
static activity [5—7]. This polymer has diverse applications
that range from the pharmaceutical industry [8], dental sur-
gery [9], and water treatment [10] to the cosmetics industry
[11] and textiles [12].

Chitosan extraction can be carried out in three steps: dem-
ineralization, deproteinization, and deacetylation; however,
some authors include a fourth one (decolorization) [13].
Deproteinization is usually carried out using strong bases,
while demineralization is usually carried out using strong
acids. However, in most of the conventional methods that
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have been described by various authors for these steps, the
duration time is usually quite long for the deproteinization
(2-24 h) [14-16] and demineralization (30 m-24 h) [14-16]
processes. Therefore, two rapid methods to obtain Chitin are
proposed further on.

Deacetylation, on the other part, implies the N-dea-
cetylation of Chitin [17] and is the most time-consuming
step of all to obtain Chitosan with a considerable degree
of deacetylation (DD) since it requires not only a highly
concentrated sodium hydroxide solution (40-60% w/v) but
also high temperature and pressure. Different methods such
as high-temperature alkali treatment [18], high-temperature
alkali treatment with intermittent water washing [19], use
of water-miscible organic solvents [20], and enzymatic
N-deacetylation [21] have been described for this process.
Nevertheless, the duration time is commonly 1-8 h [18-21].
Nonetheless, the use of microwave-assisted synthesis has
taken great interest and importance nowadays, since it has
managed to accelerate the speed of the reactions, reducing
very significantly some of the extensive time that used to be
involved in the processes [22].

The methodology explained below was developed tak-
ing as a reference the methodology proposed by Dompei-
pen et al. [14] and Ramadhan et al. [15], in which the aim
was to reduce the duration time of the demineralization and
deproteinization steps, using different high concentrations of
NaOH and HCI for Chitosan I and Chitosan II. On the other
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side, for the deacetylation step, the methodology proposed
by Peniston and Johnson [22] was used as a reference, to
which the microwave-assisted synthesis times were adjusted
according to the microwave conditions used for this process.

Materials and methods
Material

Litopenaeus vannamei shrimp shells were collected from
the port of Sisal, Yucatan, Mexico. Sodium hydroxide was
purchased from Sigma Aldrich, hydrochloric acid was pur-
chased from Fermont, and acetone was purchased from J.T
Baker.

Methods
Preparation of raw material (shrimp shells)

40 g of shrimp shells was washed carefully with tap water
to remove as much protein as possible and then dried in a
convection oven to a constant weight. Finally, 20 g of the
shrimp shells was weighed, ground to a fine powder, and
placed in a container (for Chitosan I); the other 20 g was
also weighed, ground to a fine powder, and placed in another
container (for Chitosan II).

Deproteinization

Procedure for Chitosan | The 20 g of shrimp shells powder
was transferred to a 500-mL beaker and a 1:10 (w/v) ratio of
4 N NaOH solution was added to it. The mixture was stirred
and heated at 60 °C for one hour, then filtered, washed with
distilled water to neutral pH, and dried at 60 °C in a drying
oven to constant weight [14—16].

Procedure for Chitosan Il The other 20 g of shrimp shells
powder was transferred to a 500-mL beaker and added
to a 1:10 (w/v) ratio of 3 N NaOH solution. The mixture
was stirred and heated at 60 °C for one hour, then filtered,
washed with distilled water to neutral pH, and dried at 60 °C
in a drying oven to constant weight [14—16].

Demineralization

Procedure for Chitosan | The product obtained in the previ-
ous step (deproteinization with NaOH 4 N) was transferred
to a 500-mL volumetric flask, and a 3 N HCI solution was
added in a 1:15 (w/v) ratio. The mixture was stirred and
heated at 65 °C for half an hour, then filtered, neutralized
with distilled water, and dried at 60 °C in a drying oven to
constant weight [14—16].
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Procedure for Chitosan Il The product obtained in the
previous step (deproteinization with NaOH 3 N) was
transferred to a 500-mL volumetric flask, and a 2 N HCL
solution was added in a 1:15 (w/v) ratio. The mixture was
stirred and heated at 65 °C for half an hour, then filtered,
neutralized with distilled water, and dried at 60 °C in a
drying oven to constant weight [14-16].

Decolorization

For this step, the product obtained (Chitin) in the previous
step (demineralization with 3 N HCI) was transferred to
a 500-mL beaker, and acetone was added in a 1:10 ratio
(w/v) [23]. The mixture was stirred for 1 day, then filtered,
neutralized with distilled water, and dried at 60 °C in a
drying oven to constant weight. However, for the product
obtained (Chitin) after deproteinization with 2 N HCI, the
decolorization step was omitted.

Deacetylation

In this step, both the decolorized and non-decolorized Chi-
tin were transferred to 250-mL conical flasks, respectively.
Then, 62 mL of 45% w/v NaOH solution was added to the
flask containing the non-decolorized Chitin and mixed;
62 mL of 45% w/v NaOH solution was added to the flask
containing the decolorized Chitin and mixed. Subse-
quently, the two conical flasks were placed in the center
of the turntable of the microwave oven and irradiated for
3.5 min at 1800 watts [22]. The obtained products (Chi-
tosan) were filtered, washed with distilled water to neutral
pH, and dried in a drying oven at 60 °C to constant dry
weight.

Fourier Transform Infrared (FT-IR) analysis

For each sample analysis, 0.200 g of potassium bromide
(KBr) and 0.005 g of Chitosan were ground, and then both
powders were mixed into a fine powder using an agate
mortar and pestle. Afterward, the powder was carefully
poured into the sample holder of the Smart Collector
accessory and scanned with a resolution of 1 cm™!in a
frequency region of 4000-400 cm™' using a Thermo Nico-
let 6700 FT-IR spectrophotometer, and the characteristic
peaks of the IR transmission spectra were recorded. In
addition, the degree of deacetylation (DD) was calculated
from FT-IR spectra using the following equation [24]:
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where A 455 represents the amide I vibration; A5, is the OH
vibration; and 1.33 is the constant of the ratio of A 455/Az5
(N-acetylated Chitosan).

Scanning Electron Microscopy analysis

In each sample analysis, 0.005 g of Chitosan powder was
mounted on the sample holder of the equipment, and a
gold—palladium coating was applied for 35 s using the sput-
tering metallizer and Q150R evaporator. Consequently, scan-
ning electron microscopy analysis was performed using the
JEOL JSM-7600F field-emission SEM equipment to obtain
an elemental analysis of surfaces [using energy-dispersive
spectroscopy (EDS)], and images (using the LABE and SE-I
detector) of the Chitosan samples to observe their shape,
size, composition, and surface morphology. The aforemen-
tioned was performed with an accelerating voltage of 15 kV,
a magnification of 5000x, and a resolution of 0.615 nm.

X-Ray Diffraction (XRD) analysis

The samples of Chitosan powder (0.02 g) were ground,
spread on the sample stage, and underwent to XRD using a
Bruker D8 Advance X-ray diffractometer under the follow-
ing operating conditions: 40 kV and 30 mA with Cu-Ka;
at A 1.5418 A radiation; primary grating of 0.5 mm and a
secondary grating of 5 mm, step time of 0.5 s, and step size
of 0.02 degrees. Relative intensity was recorded over the
scattering range (26) of 3—60° in steps of 0.04°.

Thermogravimetry analysis

Samples of Chitosan powder (~0.02 g) were weighed
using a tared balance and were sealed in sandwich form.
Subsequently, thermogravimetric analysis was carried out
using TGA 5500 equipment under the following operating
conditions: heating from 30 to 600 °C at a heating rate of
10 °C min~! with a dry nitrogen atmosphere.

Results and discussion

Currently, the extraction of Chitosan has become increas-
ingly important, and several methods have been proposed
for this purpose since Chitosan is a biopolymer that offers a
wide variety of applications and can be extracted from vari-
ous sources such as crustaceans and insects. However, some
of the methods that have been suggested are too time-con-
suming to be performed, which is why an increasing number
of attempts have been made in recent years to reduce the
time taken to extract Chitosan from shrimp shells.

The use of chemical reagents with high normal val-
ues greatly reduces the duration times of each of the steps

necessary to obtain Chitosan. Even so, great care must be
taken, since some of them, being too high, react very vio-
lently with the raw material. One of the great advantages of
working with chemical reagents that have high normal values
is obtaining concise results in less time. In contrast to chemical
reactions, microwave-assisted synthesis is a process that offers
considerably shorter reaction times, resulting in higher yields.

Chitosan extraction can be finally summarized in three
steps: deproteinization, demineralization, and deacetylation.
The decolorization step was performed exclusively for the
purpose of obtaining a whiter Chitin and Chitosan sample.

On the other part, when the deproteinization process occurs,
the rupture of the chemical bonds present in the proteins of
the shrimp shells is originated. Sodium hydroxide (NaOH)
tends to depolymerize and degrade Chitin [25]. Demineraliza-
tion, on the other side, is a process in which an acid is utilized
to remove minerals such as calcium carbonate and calcium
phosphate [26].

The formation of Chitosan I and Chitosan II was verified
utilizing FT-IR spectroscopy (Fig. 1) and a sample of com-
mercial Chitosan of the Sigma Aldrich brand was taken as
a reference, in which the characteristic bands of this product
were observed. The first bands at~ 1659 and ~ 1660 cm™' can
be attributed to the vibration of NH bend and largely indicate
that there was an elimination of the acetyl group and the bands
at~3441 and~3443 cm™! can be attributed to the vibration
of the OH.

The Chitosan formation was also confirmed by XRD anal-
ysis (Fig. 2). Where the prominent characteristic diffraction
peaks of the Chitosan powder crystals are observed at 9.4°
and 19.32-20.05°.

The obtained Chitosans (I and II) and the commercial Chi-
tosan were analyzed with the SEI, EDS, and LABE detectors
of the SEM (Fig. 3) to compare their surface morphology and
composition.

Finally, the TGA curves of the Chitosan samples were
plotted at two main stages of decomposition. The first was
at 100 °C with a mass loss of 5.1% for Chitosan I, 4.8% for
Chitosan II, and 11.6% for commercial Chitosan. Such loss
is due to the evaporation of H,O molecules [27]. The second
was variable, at 300 °C with a loss of 46.1% for Chitosan I, at
350 °C with a loss of 47% for Chitosan II, and at 300 °C with
aloss of 47.2% for commercial Chitosan. This loss was caused
by the depolymerization of the Chitosan chains [28]. Addi-
tionally, the details of the TGA are shown in the table below
(Table 1), which also includes the degree of deacetylation and
elemental analysis of the samples by EDS.
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Fig.1 FT-IR spectrum of (a)
Chitosan I, (b) Chitosan II, and
(c) Commercial Chitosan

Fig.2 X-ray diffractograms of
(a) Chitosan I, (b) Chitosan II,
and (c) Commercial Chitosan
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Fig.3 SEM micrographs of a
Chitosan I, b Chitosan II and

¢ Commercial Chitosan and
LABE images of the EDS sur-
face of d Chitosan I, e Chitosan
II, and f Commercial Chitosan

———r—
100sm Electron image 1 100sm Electon image 1

Table 1 Elemental analysis
(obtained by EDS), TGA

analysis, and DD (obtained EDS analysis
by Eq. 1) of the two obtained

Parameter Chitosan I Chitosan II Commercial Chitosan

. . Element C N (@) C N (0] C N (0]
Chitosans and commercial
Chitosan Weight % 47 9 44 50 8 42 63 8 29
Atomic % 53 9 38 56 8 36 69 8 23
TGA analysis
Temperature (°C) 100 300 600 100 350 600 100 300 600
Weight loss % 5.1 46.1 91.8 4.8 47 87 11.6 47.2 83.1
DD (%) 85.76% 88.94% 90.83%
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Conclusion

The study confirms that the proposed extraction method for
Chitosan II involves less time duration (1 h and 33.5 min)
than conventional methods (4—11 h) without considering the
washing, drying, and neutralizing time, only considering the
time required for the reaction of the raw material with the
chemical reagents. Based on the information obtained from
FTIR, XRD, SEM, TGA, and DD characterization, it is con-
cluded that the Chitosan II has shown similar performance
to commercial Chitosan.
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