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Abstract

The aim of the present work is the recovery of co-products from shrimp shells by isolation of chitin and
chitosan. Chitin is the major structural component of the exoskeleton of invertebrates. Chitosan, the
deacetylated form of chitin, exhibits many biological activities including antifungal, antibacterial properties,
wound-healing properties, and tumor inhibition. Its biological and physico-chemical properties make it an
attractive biopolymer for highly targeted applications. The shrimp shells are widely used as raw material to
isolate chitin, which is done by, the chemical or enzyme method. In this study, the choice is made on the first
method which requires the dissolution of minerals, by acid treatment and extraction of the proteins by a basic
treatment, followed by a stage of bleaching to remove pigments. Chitosan, it is obtained by deacetylation of
chitin. The isolated substances were characterized by several techniques: chemical characterization, infrared
spectroscopy (FTIR), differential scanning calorimetry (DSC) and the X-ray diffraction. FTIR analysis
confirmed the conversion of chitin to chitosan with deacetylation of 78.7%. The presence of a high crystalline
portion in the chitin was observed by XRD. Regarding the glass transition, the estimated humidity 6% of the
chemical characterization in chitin played the role of a plasticizer; therefore, there was a decrease in Tg.
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I. Introduction commercial value [3]. Exhibits many biological

activities antifungal,  antibacterial

The oceans cover more than two-thirds of the
earth's surface and a great diversity of organisms live
and proliferate there. The management of marine
litter is problematic. In the case of shrimp, more than
75% of its weight is rejected, the equivalent of more
than 16,000 tons per year [1]. The management of
this waste generates costs that affect the performance
of processing companies.

There are many current solutions for the
management of shrimp waste. some prefer burying
or calcining, an expensive and environmentally
harmful operation. Their transformation into
compost, of course, is less polluting, but not
profitable. Its use in animal feed, but expensive,
unprofitable, and therefore little used. As a last
resort, the discharge of this waste directly into the
sea causes unwanted organic pollution

The research studies on the recovery of shrimp
waste led to the discovery of chitin. A major
structural component of the exoskeleton of marine
invertebrates, mainly crustaceans, is another route
that appears to be more profitable, as this compound
can be transformed into chitosan which has good

including
properties, wound-healing properties, and tumor
inhibition. Their biological, physical, and chemical
properties make it an attractive biopolymer for
highly targeted applications

The objective of our work falls within the
framework of the recovery and management of
shrimp waste. The choice of this product lies in its
richness in chitin. The physicochemical properties
and the wide variety of biological activities make
chitin and its derivatives the biopolymers of choice
for many applications such as biotechnology,
medicine, food, environment, etc... [4].

The recovery of chitin takes place in two stages:
demineralization and deproteinization of the shells
thus forming a protein matrix and containing
insoluble mineral salts, mainly calcium carbonates.
As for chitosan, it is obtained by deacetylation of
chitin in 40% to 50% sodium hydroxide solution
under pressure, at temperatures above 100 °C

I.Material and methods
I.1. Shrimp shell powder
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The shrimp shells were recovered at the port of
Boumerdes, Algeria these shells have undergone
several pre-treatment namely: Washing, Drying and
Grinding

Figure 1: Shrimp shell before and after grinding

II. Experimental techniques
IL.1. Chitin extraction process

Although chitin was identified before cellulose, it
initially received less attention in scientific research
than the latter. Chitin performs a function similar to
that of cellulose in plants by acting as supportive and
protective material. With its crystal structure and
association with proteins, it prevents the internal
organs of crustaceans from swelling in seawater [6].
Many methods have been developed to extract chitin
from the shells of aquatic invertebrates. Chemical
extraction consists of removing mineral elements
(demineralization), proteins (deproteinization), and
color (bleaching) [7].

a) Demineralization

Demineralization is carried out with IN
hydrochloric acid, for 30 min, at room temperature
and with a solid/solvent ratio of 1/10 w/v, to
transform the insoluble minerals of the shells into
soluble salts. Calcium carbonate, the main mineral
compound in the shell, reacts with HCl to form
calcium chloride, water and carbon dioxide as
described in the following reaction:

0
2 HCl(aqy+ CaC0y ) > CaCly, + Hy0q) + CO

Most of the other minerals present react similarly
and give soluble salts in the presence of acid. The
salts formed can be separated from the chitin by
simple filtration followed by washing. During the
demineralization process, unwanted foams can form
due to the production of carbon dioxide.

b) Deproteinization

The deproteinization is carried out in a reflux flask,
in the presence of a 3% NaOH solution and with a
solid/solvent percentage of 1/10 w/v. The duration of
the basic treatment is of the order of 120 minutes at
a temperature of 110 °C, to dissolve a larger part of
the proteins.
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¢) whitening

For industrial applications, the chitin obtained
from crustacean resources must be decolorized after
the acid and alkali treatments. The bleaching was
done in a solution of ethanol for 5 min with a
solid/ratio of 1/15 w/v. Several washes are necessary
between each step

I1.2. Chitosan obtaining

While the extraction of chitin is easily achievable
today, the most delicate step remains deacetylation,
which requires sufficient substitution of the acetyl
groups to result in chitosan. The chitin obtained is
treated with a solution of sodium hydroxide (NaOH)
45% by mass at a temperature of 110 °C, for 1 hour
and 30 minutes in a ratio of 1: 15w/v to remove some
or all of the acetyl groups. The product obtained is
then filtered, washed several times with distilled
water and dried in an oven at 40 °C for 24 hours.

I1.3. Characterization techniques
I1.3.1. Chemical characterizations
a) Dry matter

1 to 2 g of sample is taken and weighed in a cup of
known weight. The dish is placed for 24 h in an oven
at 105 ° C, and then weighed after cooling for 30
min. The experiment is performed in triplicate |8, 9].
The dry matter content in chemical extraction
products is given by the following formula:

DE( %) = M2~ Mo
(/())—m.loo
1 0

DE (%) is the part of dry extract, My the weight of
the cup, M, the wet weight, and M, the final dry
weight.

b) Moisture content

The water content of the samples is determined
according to the AFNOR standard (NF ISO 712). In
a glass dish, previously dried for 1 hour in an oven
at 100-105 ° C and cooled in desiccators, place 5 g
of the product to be analyzed. Leave to dry in the
oven at 100-105 °C until constant mass. Weigh the
quantity of dry residue after cooling in desiccators
8, 9].

m (humid sample) — m (dry sample)
m (humid sample)

Moisture (%) = .100

¢) Ash content

To determine the mineral content of the samples,
approximately 1 g of the sample is weighed into a
sheet of aluminum foil of known weight. It is folded
up and placed in an oven for at least 5 hours at 600 °
C. After cooling, it is weighed again. The weight of
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residual ash is equated with the mineral content.
Each measurement is repeated three times

ash (o) = d2=Mo 104
M, — M,

Ash% is the ash content, My is the weight of the
container, M; and M, are the weights before and
after incineration respectively.

d) Purity and soluble residues

The purity of the product must be equal to or
greater than 95%. Place 5 g of the sample to be
analyzed in 100 ml of bi-distilled water and stir for 2
minutes. Filter after cooling through a tight filter.
Evaporate the filtrate and dry at 100-105 ° C. The
soluble matter content (SM %) must not exceed 5%.
It is calculated using the following formula [3]. The
degree of purity corresponds to the complementary
part.

m (sample after drying)

SM (%) =

m (sample before test) ’
Purty (%) = 100 — SM
I1.3.2. FTIR spectroscopy Analysis

FTIR spectroscopy can highlight the appearance or
disappearance of certain bands very significantly
during extraction. The transmission spectra were
carried out using an infrared spectrometer model
SHIMADZU FTIR-8400S and were obtained in a
wavenumber domain extending from 4000 to 400
cm’' on KBr pellets, with a spectral resolution of 4

cm™.

11.3.3.  Differential
Analysis (DSC)

Scanning Calorimetry

The apparatus used is of the TA Instruments, TGA
Q10 type. The experiments were carried out on
samples of mass ranging from 5 to 10 mg, placed in
an aluminum crucible and heated in an inert nitrogen
medium with a heating rate of the order of 10 °C/min
and in a temperature range from 20 °C to 250 °C.

I1.3.4. X-ray diffraction (XRD)
X-ray diffraction analyzes were performed on an X
Pert Pro Panalytical type apparatus using the Koy
line of copper with wavelength A = 1.540598 A. The
diffractograms were recorded from 0° to 70° (20)
with a step of 0.01°.
The crystallinity index, denoted X (%), was
calculated from the XRD spectra, according to the
method of Focher et al. , according to the
formula below.

X (%) = aeam 1o

I110
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With : Iii0, (2 20 = 20° dans le plan de réflexion
(110)), Iam (autour de 26 = 12°), le pic représentatif
de la région amorphe

III.Results and discussion
II1.1. Chemical characterizations

Chemical compositions such as dry matter content,
moisture content, mineral or ash content, purities and
soluble residues were determined for the chitin, and
chitosan samples. Regarding the ash content, the test
was carried out on the two samples chitin and
chitosan in addition to the raw material (i.e without
any prior treatment). The various results found are
shown in Table 1.

Table 1: The chemical composition of the extraction products

Chemical Chitin | Chitosan | Raw
compositions material
(%)

Dry matter 90,83 90,13 /
Humidity 6,5 5 /
Ash 0,24 0,24 28,54
purity 95,37 97,57 /
Soluble 2,43 4,63 /
residues

From the results of Table 1, we note that:

» The ash content of the raw material exhibits a
very high rate which is 28% while the chitin and
chitosan samples register only 0.24%. This drastic
decrease is due to the demineralization process
which consists of the removal of minerals. This
means that the demineralization step was successful.
» The moisture content of chitin (6.5%) is slightly
higher than that of chitosan (5%). Moisture
absorption in chitin is due not only to the presence of
amide I (-NH) and II (-NH») groups that are also
found in chitosan (amide II), but also to the presence
of groups acetyl. These two groups (amide and
acetyl) have free electron pairs with the ability to
bind water vapor in the air.

» The rate of soluble residues in chitosan is slightly
higher than that of chitin, which is quite expected.
Chitosan has the exceptional characteristic of being
positively charged which allows it to react with all
negatively charged compounds (H>O) and to fix
them by ionic bonds . This particularity gives it
many properties and applications. Unlike chitin
which is insoluble in most solvents.

» The rate of purity recorded for chitosan is
97.57% while that of chitin is 95.37%. This
difference is due to the additional treatment that the
chitosan has undergone, which is deacetylation by
prolonged alkaline treatment, which resulted in
better purification due to both treatment and repeated
washing.
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IIL.2. FTIR spectroscopy analysis

The FT-IR spectra of the chitin and chitosan
samples are shown in Figure 2. From this Figure, we
notice there are some absorption bands that are
identical in the two spectra and other bands appear
in the spectrum of chitin only whereas they disappear
in that of chitosan

— Chitin Chitosan
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/
\
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Figure 2: FTIR spectrum of chitin and chitosan

e The two spectra show a wide band between
3100-3500 cm! to more particularly at 3440 cm'!
which correspond to the —OH stretching vibrations
e The chitin spectrum also shows two peaks at
3250 and 3104 cm?! which correspond to
intermolecular hydrogen bonds and amide II -NH
stretching vibrations. While these peaks do not exist
in the spectrum of chitosan, which reflects a decrease
in hydrogen bonds, therefore a more amorphous state
is justified by the results of the XRD and that the
deacetylation has taken place and has been
successful.
e Peaks between 1960 -1860 cm™! correspond to the
stretching vibrations of -CH and —CHa.
e The peaks appearing at 1662, 1635cm-1 and the
peak at 1556 cm’! in the chitin spectrum are due
respectively to the C=0 stretching vibrations of the
groups in amide I and the amide II . Thus, the
appearance of two peaks at 1662 and 1635 cm!
shows that the chitin used is an a-chitin. However,
a-chitin is the most stable and abundant
orthorhombic system with aligned antiparallel
macromolecules forming a regular crystal structure)
. The first peak corresponds to the vibrations
between the C-N and C=0O groups of the amide I
linked by a hydrogen bridge to the OH groups. The
second corresponds to an amorphous state, where the
detected vibrations correspond to the bonds between
the amide I and the C=0O group
e The absence of the peak at 1556 cm™ in the
spectrum of chitosan shows that the latter is very
deacetylated [11].
e There are also two peaks at 1078 and 1025 cm™!
which correspond to the asymmetric C-O-C
elongation vibrations of the glucosidic cycle and
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another peak at 895 cm-1 which corresponds to the
B (1-4) glucosidic bonds in the polysaccharide.

e The absence of the peak at 1540 cm! which
corresponds to the low or absence of protein
impurities in the two spectra, demonstrates the purity
of the chitin used and that the deproteinization was
successful.

II1.3. Degree of acetylation (DA) and degree of
deacetylation (DD)

e The degree of acetylation (DA) is the one of the
most important parameters to observe at the level of
chitin is its degree of N-acetylation. The principle is
based on the ratio of the areas between the
characteristic bands of N-acetylglucosamine amine,
chitin, and reference bands. According to the
bibliography, several formulas are proposed [6]. In
our case, we opted for the formula of M. R Kasaai et

al.
(Amss)
A3zss0

.100
1,33

DA% =

With: Ajess: Absorbance of C=0O groups in the
amide. I Asss0: Absorbance of OH hydroxyl groups.
The factor 1.33 represents the ratio (A ess/Asaso) for
a chitosan entirely N-acetylated.

e The degree of deacetylation (DD) is one of the
main parameters characterizing chitosan, it
corresponds to the degree of free —NH, groups in the
chitosan molecule and is given by the following
formula [16].
DD % = NH2 % = [1 — DA%].100

After carrying out the necessary calculations, we

have got the following results.

Table 2: Degree of acetylation and deacetylation

sample DA (%) | DD (%)
Chitin 82.59 37.90
Chitosan | 28.25 78.7

From the values in Table 5, it can be seen that the
deacetylation of the chitin gave an acceptable degree
of deacetylation (DD = 79%). This leads us to
conclude that the chemical treatments carried out
were very successful and allowed us to extract chitin
and chitosan from the shell powder of the shrimp,
similar to the commercialized products found on the

market.
I11.4. X-ray diffraction (XRD)

Figure 3 shows the XRD spectra of chitin and
chitosan. X-ray diffraction spectra of chitin and

chitosan show the presence of several peaks. Each
peak is associated with an atomic plane; these planes
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are designated by miler indices (h, k, and 1). For
example, the reflection at 26 = 9.41°, is relative to
the plane (020), the reflection at 20 = 19.5°
corresponds to the plane (110) and the reflection at
20 =26.40 ° is relative to the plane (130).

19,5°
0\

chitin

2100 4 —— Chitosan

1400

700

2 Theta

Figure 3: DRX spectrum of chitin and chitosan

It can be seen that the first two peaks (at 9.41 and
19.5°) are very intense and they correspond to the
proportion of crystalline zones within the structure
of the sample, and three other peaks at 12.82, 26.40
and 29° have very low intensities. Our results are
similar to those obtained by Zhou et al. [17] with
pure commercial chitin. Other researchers Entsar et
al. [18]) have shown that o-chitin has a strong
reflection at 20 = 9-10° and 26 = 20-21° and a minor
reflection at 28 = 26.4°. We can therefore conclude
that the characteristic peaks of pure chitin appear in
our sample prepared by chemical means. We also
note that the intensity of the peaks corresponding to
chitosan is slightly higher than that of chitin. The rate
of crystallinity, denoted X (%), was calculated from
the XRD spectra, according to the method of Focher
et al. [10]. The results obtained are shown in Table
3.

Table 3: The rate of crystallinity of chitin, chitosan

Samples X (%)
chitin 62,47
chitosan 54,46

According to the results of Table 3, it can be seen
that the crystallinity index of chitosan which is
54.46% is lower than that of chitin which is
estimated at 62.47%. This reduction, according to J.
Machida [19], is attributed to prolonged acid and
basic treatments which tend to reduce crystallinity as
well as to deacetylation which involves the reduction
of N-acetyl groups, demonstrated by Revol and
Marchessault [20].

I11.5. Differential enthalpy analysis (DSC)
Figures 4 show the DSC thermograms of the chitin
and chitosan samples. We note that the two
thermograms exhibit an endothermic peak between
100°C and 200°C which is due to the fusion of these
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two biopolymers, and more precisely the melting
temperature of chitin was estimated at 198°C and
that of chitosanis 186°C.This difference can be
attributed on the one hand to the difference in the
crystallinity rates [21], because a rate of 62.5% for
chitin was recorded against 54.5% for chitosan
calculated from the XRD. This result is confirmed by
the heat of fusion AHf calculated from the DSC
thermograms. On the other hand, the presence of
impurity was estimated at 5% in chitin according to
the chemical characterization carried out. This
caused an increase in the melting temperature

T 198.53°C

0 50 100 150 200 250
Temperature (°C)

[ chitosan
0.5 l .
| \BEE e

E 0.6 \\»_,g-’ /

./(
/
S
186.37 °C
0.9

e T ;
100 150 200 250 300
Temperature (°C)

0 50

Figure 4: Representation of the melting temperature of chitin
and chitosan

The glass transition temperatures (Tg) of chitin and
chitosan are shown in Figures 5 and 6.

Chitin
B 035 «_ 10695°C
E N 11881°C()
- i
141,60°C S~
o 0 100 150 200 250

Temperature (°C)

Figure 5: The glass transition temperatures of chitin
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Figure 6: The glass transition temperatures of chitosan

In the chitin sample, its Tg is observed at
141°C.The decrease in the Tg of chitin compared to
chitosan (160°C) would be due to the suppression of
certain hydrogen bonds between the macromolecular
chains, caused by the presence of a small quantity of
water molecule (Rate othumidity estimated at 6.5%
according to the results of the chemical
characterization) which plays an important role as a
plasticizer. Thus, increasing the flexibility of the

chains, which makes their sliding a little easier.

IV.Conclusions

The demonstration of the extraction was examined
by different analytical techniques, namely chemical
characterization, IRTF analysis, X-ray diffraction
and thermal analysis by DSC. The various results
revealed that: The raw material exhibits a very high
ash content of 28%, while the chitin sample registers
only 0.24%. This means that the demineralization
step was successful. IRTF analysis confirmed the
conversion of chitin into chitosan, justified by the
substitution of acetyl groups for chitin by amine
groups for chitosan. The degree of acetylation and
deacetylation for chitin (DA=82.59%) and chitosan
(DD=78.7%) respectively, lead us to conclude that
the chemical treatments carried out were successful
and allowed us to extract chitin and chitosan similar
to the commercial products found on the market. The
presence of a large crystalline part in the chitin
observed by XRD confirms the increase in the
melting temperature of chitin (198 °C) compared to
chitosan (186 °C) observed by DSC. Concerning the
glass transition, the presence of water molecules
estimated at 6% according to the results of the
chemical characterization in chitin played the role of
a plasticizer, thus increasing the flexibility of the
chains that leads to sliding a little and consequently
a reduction in his Tg.
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