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Abstract: Chitosan, a naturally produced polysaccharide that has a wide range of uses in biological,
pharmacological, industrial, and commercial settings. The pen shell Pinna deltoides is a common
species found along the coast of Thondi, and it is often collected as by-catch by fishermen. These species
contain a high amount of chitin, which may be converted into chitosan. The goal of this research is to
extract chitosan from P. deltoides and characterize it utilizing techniques like Fourier Transform
Infrared Spectroscopy (FTIR), Micro Raman Spectroscopy, X-ray Powder Diffractometry (XRD),
Thermogravimetric Analysis (TGA), and Scanning Electron Microscopy (SEM). The existence of C-
O-C glycosidic connection (1156 cmt), NHCO group (1216 cm-?), aliphatic compound, -CH, bend
(1418 cm?), and asymmetric CH, stretching were verified by FTIR analysis (1204 cm™). Chitosan
extract exhibited a greater degree of deacetylation of 55.17%, which is consistent with prior studies.
The highest peaks in the Micro Raman Spectra were 2937 cm, 1106 cm™?, and 1376 cm™. The
crystallinity of the chitosan at 260 was anticipated using X-ray Powder Diffractometry (XRD) data at
about 20°-25°. SEM micrograms verified the crystalline nature of the chitosan by revealing its soft and
crystal-like arrangement of the chitosan. TGA was used to assess the sample's thermal constancy, and
the chitosan's stability was found to be consistent with that of prior research.
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1. Introduction

Chitin is an undisruptive, degradable polymer with a high molecular weight that occurs
naturally. Chitin is a chief constituent of invertebrates and crustaceans [1,2]. Chitin is a linear
biopolymer poised of (1,4) glycosidic bond units connected by 2-acetamide-2-deoxy-D-
glucopyranose. According to the previous literature, chitin varies from cellulose mostly
because of the manifestation of acetamide groups at C-Z spots. The two allomorphs of a chitin
and B chitin are highly reliant on the chitin source. Alpha Chitin is abundant in the shells of
crustaceans [3,4]. The remarkable properties of chitin and its derivatives result in
immunostimulant, decoagulant, enzyme repressive, germicidal, antitumor, anti-cholesteremic
and laceration curative capabilities. These chitin and chitosan particles have also been used as
biosorbent, allowing them to filter metal ions out of polluted water [5].

The deacetylation technique is the most widely used method for chitosan extraction.
Chitosan is a polysaccharide containing N-acetyl-D-glucosamine and (1-4)-linked D-
glucosamine units in unpredictably large amounts [6]. Chitosan was discovered in the 18th
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century, but it wasn't until the 1970s that its actual value was realized [7]. Chitosan biopolymers
have an eclectic series of utilizations, especially in the domain of medical appliances. Chitosan
has a variety of properties since it is extremely biocompatible and environmentally friendly
[8]. The occurrence of primary amine at the C-2 point of glucosamine deposits gives chitosan
its distinct structural characteristics. Chitosan's varied functions are because of the incidence
of an amine at the C-2 site [9,10]. The degree of deacetylation as well as the molecular weight
of chitosan is having a big impact on physicochemical and mechanical characteristics of
chitosan particles. The level of deacetylation of chitosan is correspondingly used to gauge other
properties of the chitosan, such as hydrophobicity, solubility, and toxicity [9,11].

The typical peaks ascribed to polysaccharide structures may be seen in the FTIR of
chitosan [12]. The spectrum obtained also demonstrates efficient deacetylation, which occurs
when acetamido (CH3CONH) groups are removed, and additional amine (NH2) groups are
formed [13]. The occurrence of hydroxyl group, amine, carboxylic, and alkyl assemblages and
amide associations may all be seen in the FTIR spectrum [14]. The success of the quaternization
of N-alkyl chitosan may be determined by Attenuated Total Reflectance-Fourier Transform
Infrared Spectroscopy (ATR-FTIR) [15,16]. The Raman spectra were used to determine the
six-membered loop encompassing O, along with the different peaks belonging to chitosan, and
the inelastic diffusing of photons is important to this technique [17-19].

The chitosan X-ray powder diffraction (XRD) displays broad reflections in
20 at 19.82°-20.45° [20]. Chitosan has a crystallinity degree of 80 %, according to previous
research [21,22]. Experiments using XRD have revealed that chitosan samples had sharper
bands than its counterpart, with a trivial deterioration in crystalline percentage [4]. The
instrumentations such as the Thermogravimetric Analysis (TGA), Dynamical Mechanical
Thermal Analysis (DMTA) as well as the Differential Scanning Calorimetry (DSC) have all
been established to be helpful diagnostic methods for tracking the physical and chemical
changes that occur during chitosan heating as well as evaluating chemical structure and
composition [23]. According to earlier research, the Thermogravimetric Analysis (TGA) of
chitosan revealed that mass loss occurs in three stages: water evaporation, chitosan loss and
chitin loss, respectively [24]. According to certain research, chitosan's thermal stability is
directly related to its crystalline nature, meaning that the thermal stability of chitosan rises as
the crystallinity of chitosan increases [25].

The Pinnidae family of bivalves consists of the huge wedge-molded bivalves that dwell
in the mire, amid rocks and corals, and sand. The Pinnidae family of shells is known by several
names, including pen, razor, fan, and wing shells. A mass of long byssus threads holds the
submerged anterior end of the shell in place, while the flared posterior edge protrudes from the
ground. The Pinnidae family may be found in both tropical and temperate waters across the
world. The Indo-Pacific genus Pinna deltoides may be found from eastern Africa to Lord Howe
Island and Pakistan, as well as in the southern parts of India as well as in the Indo-Malay
Archipelago. Pinna deltoides habitat data is mostly collected from rough substrata such as flats
and rock-strewn reefs as well as heads and coral blocks [26]. These Pinnidae species' shells
were chosen for the study because they are frequently abandoned as waste materials and may
be found on the shoreline, where they lay unused. These samples were chosen for chitosan
conversion to generate value-added goods. To extract chitosan from Pinna deltoides and
analyse the isolated chitosan, researchers employed FTIR, Micro Raman spectroscopy, XRD,
TGA and SEM.
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2. Materials and Methods

Decolourization, demineralization, and deproteinization are the three key phases in the
chitin extraction process [27]. For the decolorization procedure, the raw materials obtained
from Pinna deltoides were mixed for 10 minutes at 100°C with 10 milliliters of sodium
hypochlorite emulsion. To produce discoloration, this procedure is performed several times.
For the demineralization process, the sample was combined with 20 ml of 1 molar hydrochloric
acid at 70°C for 15 minutes. The sample was deproteinized by inserting 20 milliliters of 1 molar
sodium hydroxide (NaOH) into the solution and refluxing it for 20 minutes at 100°C. The
sample was carefully washed down with filtered water to extract chitin until the pH stood low
to the range of 6.5-7.5, then dried at room temperature. The chitin produced was allowed to
react at 110°C for 24 hours with 15 ml of 45 % NaOH [28]. The resultant material was rinsed
in sterile water before being pH stabilized and strained to eliminate chitosan.

2.1. Characterization of chitosan.
2.1.1. Fourier Transform Infrared Spectroscopy (FTIR).

Using the Perkins-Elmer spectrometer (Spectrum RX I, MA, USA), the resulting
chitosan sample was laid open to FTIR by carefully mixing with KBr. The infrared spectra of
KBr reinforced chitosan were gaged at a resolution of 4 cm™ throughout the frequency scaled
between 4000-400 cm™.

The degree of acetylation (DA) was determined in triplicate using FTIR [28].

DA (%) = (A1653/A3445) *115 (1)
where Aiess represents the absorption degree at 1653 cm™ and Aasass denotes the absorption
degree at 3445 cm™,

The molecular weight of chitosan isolated from Pinna deltoides discarded shells were
determined using the viscometric method. A capillary viscometer from Ostwald was used to
measure the viscosity of the chitosan. By measuring the sample at the suggested Mark-
Houwink-Kuhn-Sakurada (MHKS) equation in 0.3 molars acetic acid, 0.2 molar sodium
acetate buffers, and the standard mean molecular weight (Mv) of chitosan [29], the observed
intrinsic viscosity (1) was calculated:

[n] =k M (2)

Where k of the polymer, solvent, and temperature-related coefficients are highly
dependent [29], the My is the mean molecular weight, as well as the 7 is the intrinsic viscosity.
For a 0.3 M acetate buffer of chitosan, 0.2 M acetate buffer of sodium (25°C) is 1.38 = 10-5
and a = 0.85.

2.1.2. Micro Raman spectroscopy.

Micro Raman spectroscopy was utilized in this work to investigate the vibrational
manners of layers utilizing a Princeton instrument Acton SP 2500 (Japan) and argon laser at a
wavelength of 632 nm.
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2.1.3. X-ray powder diffractometry (XRD).

Chitosan crystallinity was determined using an X ‘Pert PRO PAN (NL) 40 kV and 30
mA analytical equipment with Cu k = 1.5406 AO0. In a dispersion range of 4-40°, the relative
intensity was recorded.

2.1.4. Thermogravimetric analysis (TGA).

Mettler Toledo TGA 2 was utilized to ascertain the change in mass of the chitosan
sample. The thermal permanency of the material was tested at temperatures ranging from 0 to
600°C.

2.1.5. Scanning electron microscopy (SEM).

For analysis, the sample was placed on carbon tape and then spin-coated with a gold
layer. The TESCAN Oxford was used to create the Scanning Electron Micrographsand the
SEM micrographs were obtained at various magnifications.

3. Results and Discussion

3.1. Extraction of chitosan from Pinna deltoides.

Pinna deltoides shells yielded an average of 70.67 1.50 % chitin, and a percentage yield
of chitosan was 45.01 % from a 100 g of chitin. It was discovered that the yield of chitosan in
the current research is higher than yields obtained in earlier studies, such as chiton shell (4.3
%), N. crepidularia (35.43%), Metapenaeus affinis (Jinga Shrimp) (19.13%), Penaeus
monodon (Giant Tiger Prawn) (16.75%) and Portunus pelagicus (Blue Swimmer Crab) (20.8
and 20.14 % for males and females, respectively) [4,30,31].

3.2. Characterization of chitosan.
3.2.1. Fourier transform infrared spectroscopy (FTIR)

The outcomes of FTIR revealed a C-O-C glycosidic connection at 1156 cm™, NHCO
group complex vibration at 1261 cm™, Aliphatic compound, -CH bend at 1418 cm™, Amine,
NH; stretch and O-H stretch at 3435 cm™, CH> stretching Asymmetric at 1204 cm™, NH
bending at 1075 cm™ and ring bending at 953 cm™. Functional groups like carbon, nitrogen,
and oxygen are represented by vibration patterns determined from the FTIR spectrum (Fig. 1).

4000 3500 000 2500 2000 1500 1000 500
numbers (cm-1)

Figure 1. FTIR spectra of chitosan isolated from Pinna deltoides.
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The characterization of chitosan by FTIR showed comparable findings to those reported
in previous investigations [2,4,8,13,27,32,33]. Chitosan from several samples contains peaks
at 1029 cm™, which relate to the unrestricted amino group at glucosamine C; [34]. Saraswathy
et al., 2001 [35] found that the major absorption band at a glucosamine C> location in S.
tranquebarica lies amongst 1220 and 1020 cm, indicating the presence of a free amino group
(-NH>). In the Mytilus edulis chitosan spectra, C-N stretching had an absorption peak at 863
cm?, C-O glucose bending had an absorption peak at 1019 and 1063 cm-1and C-H side-chain
bending — CH,OH was supplied to those at 1421 and 1486 cm™ [30]. Sepia pharaonic has the
OH stretching at 3452 cm't, as well as the CO (amide) and NH major amine bending at 1638
cm [36].

The degree of deacetylation (DA) of chitosan extricated from P. deltoides was
evaluated by utilizing the FTIR spectrum. The degree of deacetylation was high, at 55.17 %.
The amide to hydroxyl group absorbance ratio [37] is used to determine the DA. Shrimp shells
exhibited a greater DA than other chitosan outlets, with a deacetylation rate of about 77 %,
according to prior studies. Deacetylation of Mytilus edulis (69.60 0.12 %) was greater than that
of Laevicardium attenuatum (37.30 0.31 %), with 54.65 % intermediate shrimp shell
deacetylation for the two exoskeletons examined and 73.6 % for Aspergillus niger mycelium
[38-40]. The low degree of deacetylation seen in the current work might be caused due to the
deacetylation circumstances (alkali pressure, chitin tension, and no pulverization) [41,42].

The molecular weight (MW) of chitosan is determined to be 492.94 kDa, which is
consistent with earlier findings [29]. Chitosan's molecular weight is a significant factor in
biological applications. Because of variations in deacetylation and chitosan sources, chitosan
has a wide variety of molecular weights. The molecular weight (MW) of chitosan is influenced
by temperature, alkaline concentration, and reaction duration [29].

3.2.2. Micro Raman spectroscopy.

Micro Raman spectra of chitosan has been monitored in the scale of 1085-4100 cm™,
Peaks of 2937 cm™ (31598 counts/s), 1106 cm™ (27551 counts/s) and 1376 cm™ (29116
counts/s) were predicted for chitosan (Fig. 2).

Raman Intensity
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Figure 2. Micro Raman spectra of chitosan extracted from Pinna deltoides.
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The fundamental chemistry and structural orientation are determined using Raman
spectroscopy. Raman spectroscopy was used to examine chitin and its derivatives. Previous
research has found a linear variance in the Micro Raman spectra of chitosan at the wavelength
of 2178 cm™* with typical chitosan modifications at 1774 cm™ and 1929 cm™. The micro-Raman
shifts were measured between 1095 and 4095 cm™, with a maximum count of 10000 counts
per second [2,4,36]. Chitosan's highest peak was found in the 2095 cm™ and 3095 cm™ ranges.

3.2.3. X-ray powder diffractometry (XRD).

XRD investigations revealed nine distinct peaks at 29.92°, 34.59°, 36.91°, 41.59°,
44.19°, 46.66°, 49.14°, 45.56° and 53.76°. The greatest amounts of chitosan were monitored
in the span of 26 to about 20°-25° (1002.2 count/s) (Fig. 3).
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Figure 3. XRD spectra of chitosan extracted from Pinna deltoides.

Previous research [28] had shown similar results with five crisp, crystalline reflections.
The denser crystalline structure is shown by, the sharper chitosan peaks of 20.92° in this
research [34]. At about 30-35°, additional chitosan reflexes were found to be virtually identical
to those in the current investigation [28].

3.2.4. Thermogravimetric analysis (TGA).

Figure 4 depicts the thermal activity of chitosan isolated from P. deltoides.
Thermogravimetric study of P. deltoides reveals three phases of mass loss. At 50°C, the first
stage of mass loss occurs, with a loss of mass of around 0.4110 %. At 250°C, the second
segment of weight deficiency was identified, with a percentage of mass loss of 1.5024 %. At
450°C, the third mass loss stage was observed, with a percentage loss of mass of 0.8360 %.
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Figure 4. Thermogravimetric analysis of chitosan extracted from Pinna deltoides.

The loss of mass in the first stage is because of the vaporization of liquid content,
whereas the loss of mass in the subsequent and third phases is due to polysaccharide breakdown
[43,44]. The current research's thermal deterioration pattern matches that of a prior study
[25,32].

3.2.5. Scanning electron microscopy (SEM).

The chitosan sample was exposed to SEM analysis in order to comprehend its
morphology better. Figure 5 shows electron micrographs at various magnifications of distinct
sections of the chitosan isolated from P. deltoides. The chitosan has a porous free smooth
texture, as seen by SEM micrographs, which is consistent with earlier research [45].

Figure 5. SEM micrographs of chitosan extracted from Pinna deltoides at different magnifications.
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4. Conclusions

Pinna deltoides, or pen shells, is a by-catch that is usually abandoned by fishermen.

Instruments such as FTIR, Micro Raman Spectroscopy, X-ray Powder Diffractometry (XRD),
TGA , and SEM were used to conduct an extensive study on the characteristics of chitosan
isolated from Pinna deltoides. The present report's characterization results revealed parallels
with prior research, indicating that the sample is chitosan. It is envisioned to scrutinize the
antibacterial properties of chitosan derived from Pinna deltoides against different gram stains.
Chitosan has also been discovered to have a lot of promise for various uses, particularly in the
realm of biomedical applications.
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