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ABSTRACT

Chitosan, a polysaccharide derived from shells including crab, lobster, fish scales, and shrimp, is being
used to produce improved products in paint, food, agriculture, textileindustries, and in water treatment.
This study's goalis to improve chitosan’s capacity to meet the demands in diverse fields. Chitosan is
extracted by undergoing demineralizing, deproteinizing, and deacetylating of fresh shrimp shell that has
been harvested locally. The FTIR and XRD measurements are made to confirm the isolated material is
chitosan. The NH stretching and amide group is the major bond in chitosan and is observed in the taken
FTIR. The SEM reveals the morphology of obtained chitosan hasuniform-sized porous. The extracted
chitosan can be utilized for both home and industrial purposes, including filters, energy storage,
medicine administration, etc., because of the porosity distributed over its surface. Chitosan's
photoluminescence emission is found in 594 nm, which comes under the green shift region. In EDAX
elements Carbon, Nitrogen, and Oxygenare detectedthat form the polysaccharide chain chitosan. Thus,
the chitosan was successfully extracted with improves morphology from shrimp shells by eliminating the
calcium and protein contents.
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Graphical Representation

INTRODUCTION

Recently, researchers have focused on environmentally friendly biodegradable nontoxic polymers like cellulose,
chitosan, etc. to improve the capacity of their role in diverse applications. Meanwhile, the current research seeks
attention to generating materials that are cost-effective, straightforward in process, non-toxic, controlled-release, and
biocompatible. In a similar vein, the current chitosan has various drawbacks and requires modification in adsorption,
drug delivery, and other areas. Chitosan is a biopolymer that can be found in a variety of organisms, including fungi,
prawns, shrimp, and arthropods. Approximately 80,000 to 100,000 tonnes of chitin from shellfish waste are produced
annually in India. In this work, shrimp shells from trash are considered to be the source for the extraction of chitosan.
(Bhullar et al., 2021). Chitin is converted into chitosan through the alkaline deacetylation process. Chitosan's
solubility is a pivotal element considered for numerous different applications since it has a wealth of benefits when
dissolved in concentrated inorganic acids like hydrochloric acid, phosphoric acid, and sulfuric acid. Chitosan has the
benefit of being workable in a variety of forms, including gels, nanofibers, micro/nanoparticles, scaffolds, powder,
etc. Each form can be modified in terms of structure and formation, such as film, foam, and powder, and each has a
specific purpose as an adsorbent, filter membrane, or medication.(Deepthi et al.,, 2016).However, getting bioavailable,
non-toxic chitosan with enhanced properties in a cost-effective manner has greater demand.

MATERIALS AND METHODS

The local seafood processing business provided the waste shrimp shells. It is essential to acquire from Sigma Aldrich
the chemicals HCl, NaOH, and ethanol for the treatment process. Demineralization, deproteinization, and
deacetylation are the three steps of the approach chosen for chemically extracting chitosan. The shrimp shell was first
thoroughly cleaned in distilled water to get rid of existing any flesh and pollutants. Then it was dried and ground
into powder for chemical treatments. Demineralization: Calcium carbonate and calcium phosphate mineral

66606




Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©I[JONS

Vol.14 / Issue 81 / Dec/ 2023 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Annlin Bezy et al.,

components found in the exoskeleton of crustaceans, were removed through demineralization using HCI acid. The
next step is washing with distilled water to reach the pH-neutral on the treated sample.

Deproteinization: Then in deproteinization, proteins were neutralized by the treatment in diluted NaOH solution.
Again, the sample was washed with distilled water until reaching the pH was neutral. After the two steps process a
sample obtained is chitin. Chitin is a linear polymer chain with (3(1,4)-N-acetylglucosamine. For decolorization, the
Chitin is treatedin ethanol an organic solvent.

Deacetylation: Deacetylation is a vital step in the extraction of chitosan. The degree of deacetylation and molecular
weight are crucial factors affectedduring the deacetylation stage. The chitin is deacetylated using the intense alkaline
treatment of NaOH at high temperatures. Chitin's acetyl group will be eliminated with sodium hydroxide resulting
in the polymer chitosan. The obtained chitosan is rinsed in distilled water to achieve a pH of neutrality before
beingdried and ground into powder for analysis.

CHARACTERIZATION TECHNIQUES

X-Ray Diffraction

From X-Ray Diffraction, the physical characteristics of the extracted chitosan were investigated. CuKa radiation with
a wavelength of 1.5406A was used in the X'pert Pro Diffractometer with 40 kV and 30 mA of current.

Fourier Transform Infrared Spectroscopy

Fourier Transform Infrared Spectroscopy is a technique that can be used to examine the functional groups in the
polymer chain. Fourier Transform Infrared Spectroscopy was performed using a SHIMADZU type IR Affinity - 1
(FTIR spectrophotometer) with a resolution of 4 cm-! and in transmittance mode.

Scanning Electron Microscopy and Energy Dispersive Analysis Of X

The sample is scanned with a focussed electron beam in scanning electron microscopy, which produces a picture
showing the material's topography. The ZEISS model multiSEM 505 was used to examine the chitosan’s surface
morphology in the micrometer range.

Photoluminescence

The optical properties of the produced carbon material were investigated using photoluminescence. The
photoluminescence spectrometer (Cary Eclipse) uses a xenon flash lamp as its excitation source, and it collects
emission spectra at a scan rate of 600 nm per minute.

RESULT AND DISCUSSION

X-Ray Diffraction

Figure 1 shows the obtained chitosan's XRD pattern. Broad diffraction peaks at 10 and 20 degrees seen in the XRD
pattern of chitosan are its characteristics peak and some other additional peaks were also discovered.(Arafat A et al.,
2015; Dokhaee et al., 2019).The amorphous form of the produced chitosan is revealed by the peak intensity. The De
Bye Scherrer formula, d=kA/(Bcos0), is used to determine the obtained chitosan grain size. In this formula, k is the
Scherrer's constant of 0.9, A is the wavelength of X-ray used at 1.5406 A, B is the full-width half maximum, and © is
the angle of diffraction. As by formula, the calculated chitosan'saverage grain size is 6.09 nm. Table 1 contains the
extracted chitosan's XRD data

Fourier Transform Infrared Spectroscopy

Figure 2 depicts the FTIR spectrum of the extracted chitosan from shrimp shells. The produced chitosan's FTIR peaks
observed at 3443 cm, 2925 cm, 1651 cm!, 1543 cm!, 1382 cm!, 1067 cm, and 599 cm! are identical to the spectra

66607




Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©I[JONS

Vol.14 / Issue 81 / Dec/ 2023 International Bimonthly (Print) — Open Access ~ ISSN: 0976 — 0997

Annlin Bezy et al.,

previously reported in (Kumari et al.,, 2017). The strong band at 2925cm! is caused by O-H stretching, while the peak
at 3443cm-! is caused by the stretching vibration of NH contained in the structure of chitosan.

To confirm the produced has chitosan high level of deacetylation, observed the weak band in 1651 cm™! was allocated
for the amide group vibration mode, and 1543 cm! is due to NH: bending vibration in the amino group. The C-O-H
bond is represented by the presence of a band at 1382 cm, and the stretching of the C-O bond is due to the peak at
1067 cm™. The peak with maximum transmittance was found at 599 cm corresponds to the glycosidic bond of CH
vibration. The characteristic peak of chitosan was observed at 3443 cm? and 1651 cm™ (Baxter et al., 1992; de
Alvarenga, 2011). The other researcher including (Sagheer et al, 2009; Singh &Chahar, 2021; Trung et al., 2006;
Younes et al.2014) holds evidence of the FTIR spectrum observed in the extracted chitosan.

Scanning Electron Microscopy and Energy Dispersive Analysis Of X

Chitosan extracted from shrimp shells is observed using scanning electron microscopy (SEM) in 1um and 0.5um
resolutions. The result shows the surface with scaffold structure distribution (Singh & Chahar, 2021). It was also
found that the scaffold surface had a micro-sized interconnected porosity of thombus shape. All of the porous
membranes looked to have agglomerated fibers and rhombic forms (Thein-Han et al., 2009). The benefit of having an
even scaffold is that it may have better mechanical properties, biocompatibility, and biodegradability. It may also
have desired porosity for the absorbance of dyes, impurity removal, and drug delivery. Figure 3 provides the
chitosan SEM images.

In EDAX, the elemental data in extracted material was evaluated. The components in the isolated chitosan are shown
in Table 2. and figure 4 displays the obtained chitosan EDAX spectrum. The major and minor elements can be
detected by EDAX at all levels (Nasrazadani & Hassani, 2016). The result obtained from element analysis of the
extracted chitosan shows it contains carbon, oxygen, and nitrogen content.

Particle Size Distribution

An essential analysis that provides application-specific quality-related information is the particle size distribution.
The particle size distribution is influenced by a material's flow, solubility, reactivity, and compressibility (Wang et
al., 2021; Xu, 2015). Although there are other methods now in use to determine the particle size distribution,
Dynamic Light Scattering (DLS), also known as photon correlation spectroscopy, is a useful technique. The DLS uses
a laser beam's doppler shift and Brownian motion to quantify the size and dispersion of particles. Here, tools from
the Malvern Zetasizer series are used to quantify particle size. DLS can be used to predict the haphazard movement
of particles floating in a liquid media. The Stokes-Einstein equation's diffusion coefficient (Dt), which is used to
calculate the hydrodynamic diameter (DH) of the particles, can be used to determine the velocity /of the larger
particle, which can have a low and slower Brownian motion (Sakho et al., 2017). DLS has the benefit of being
automated and having a rapid measurement time while determining particle size.

Generally, DH and Dt differ significantly depending on the size of the ions in the medium as well as the physical size
of the material, particle behavior such as viscosity or diffusion, surface assembly, and texture. The particle form will
alter the hydrodynamic diameter, which in turn impacts the diffusion velocity. Dynamic Light Scattering (DLS)
measurements give the chitosan particle size as 6537nm in diameter. The aggregation of particles in the material with
lower velocities in the medium may be the cause for the huge particle size.(Bantz et al., 2014; Ross Hallett, 1994).

Photoluminescence

Due to its great sensitivity and ability to produce images with clarity, photoluminescence organic carbon can have
enormous applications. Research is being done to find a solution for the toxicity nature of obtained material,
therefore the effectiveness of the non-toxic biopolymer is being examined for photoluminescence (Pan et al., 2014).
Graph 6 provides the chitosan photoluminescence spectrum. It can be seen from the spectra that chitosan has a
substantially higher photoluminescence intensity. Chitosan has an excitation wavelength of 434 nm and an emission
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wavelength in 594 nm, which comes in the green shift. According to the PL spectrum, calculated the energy gap is
2.08eV.

CONCLUSION

Chitosan was successfully and inexpensively extracted through the chemical method from shrimp shell waste
collected from the food processing industry. XRD and FTIR analysis was performed for the obtained chitosan. FTIR
examination reveals each of the chitosan bonds is observed in the spectrum. XRD pattern shows the chitosan's
crystallinity and grain size as 6.09 nm. In SEM, the uniformly distributed porous surface morphology throughout
with thombus shape is seen and considered as a better application result. The EDAX result is proved by spectra since
it relates to the elements required for the formation of chitosan’s polysaccharide chains. The optical examination of
photoluminescence produced highly intense emission wavelengths in the region of the green shift. The measured
energy difference between the extracted chitosan's excitation and emission wavelength was 2.08eV. The material
obtained with good morphology is a unique result suggesting the extracted chitosan which is non-toxic,
biodegradable, and biocompatible for adsorbent applications.
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Table 1. XRD data of chitosan

Angle 20(Degree) | Rel. Intensity (%) | d Spacing (A) | FWHM
9.3812 40 9.419 1.562
19.4976 100 4.549 2.147
235 17 3.782 148
26.3373 27 3.381 1.347

Table 2. Elemental analysis data of chitosan

Element Weight% Atomic %
C 13.61 43.11
N 6.6 1793
@) 16.38 38.96
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Figure: 5. Particle distribution chart of chitosan Figure: 6. Photoluminescence graph of chitosan
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