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Abstract: The present study deals with extracting and characterizing chitosan from the cuttlebone of
Sepiella inermis. The samples were collected from the local fishermen as they are economically
important species, and the availability of these samples was not limited. The extracted chitosan was
characterized using instrumentations such as Fourier Transform Infrared Spectroscopy (FTIR), X-ray
Powder Diffractometry (XRD), Thermogravimetric Analysis (TGA), and Scanning Electron
Microscopy (SEM). The FTIR studies revealed the presence of amide | and aliphatic CH stretching,
which were recorded at 1382 and 2931 cm™, respectively. At the same time, the XRD showed its
crystalline nature at the 26 value of 22°, which is very common in the case of chitosan. The studies on
the thermal stability of the chitosan showed that the chitosan extracted from S. inermis has thermal
stability at the temperature of 350 to 450°C. The SEM analysis was carried out to study the chitosan's
morphological structure, revealing a smooth texture for the samples.
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1. Introduction

Materials that interact with the biological system are referred to as biomaterials. Natural
biomaterials are constantly being discovered to understand their properties better so that they
might be used to create more energy-efficient and lightweight materials [1]. Humans have used
Marine biomaterials since ancient times, but only recently have they reached an industrial level,
thanks to the rapid development of diverse processing technologies [2]. Natural polymers
derived from marine resources have gotten a lot of interest in recent years because they are
more abundant and physiologically active than conventional polymer sources. Indeed,
polysaccharides such as agar, chitin/chitosan, alginate, and glycosaminoglycans are abundant
in marine resources such as crustaceans, seaweeds, algae, mollusks, and marine arthropods,
with unique traits and properties [3-5].

Polymers are produced by a variety of marine creatures. Biopolymers are used in
various sectors and have exceptional and uncommon functional, structural, and biological
properties. Apart from the three categories of polysaccharides, proteins, and nucleic acids,
polysaccharides—maost notably alginate, chitosan, and chitin—are employed for various
applications due to their unique properties such as biocompatibility, biodegradability, non-
toxicity, and metal ion chelation [6].
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Natural polysaccharides are lengthy carbohydrate molecules with repeating monomer
units connected by glycoside linkages, having a molecular weight of 100 kDa or more. They
feature a pattern that ranges from straight to very branching. They may provide living creatures
with the highest levels of energy storage and structural protection [7]. Natural polymers are
promising alternatives to synthetic polymers in the creation of materials. As a result,
biopolymer science and technology have progressed, allowing researchers to better grasp their
basic and applied biological, physicochemical, morphological, and mechanical characteristics.
CAZymes, or carbohydrate-active enzymes, are present in microscopic life in the ocean and
are connected to the number of marine polysaccharides [8].

Chitin is made up of (1,4)-linked N-acetyl-glucosamine units and is the *world’s second
most common polymer after cellulose. Corals, mollusks, worms, sponges, annelids, and
arthropods are among the marine phyla that contain them [9]. Chitin is characterized by its long
lengths (several nanometers) and microfibrillar shapes (2-5 nanometers) fixed in a protein
matrix [6]. Chitin has a highly structured crystalline structure resistant to physical and chemical
stimuli. Chitin cannot be dissolved in most common solvents, and as a result of this insolubility,
it has been used in a wide range of applications [6]. The most common sources of (1,4)-N
acetylglucosamine are alpha, beta, and gamma chitin. Beta chitin, for example, is derived from
squid pens and has weak intra-sheet hydrogen bonding. Chitin is made up of a series of parallel
and antiparallel chains found in fungi and yeast. Alpha chitin is derived from crustacean
exoskeletons and has an antiparallel lineup with strong intra- and inter-sheet hydrogen bonds
[10].

Chitosan is a nano-structured, non-toxic polymer made from 1,4-D-glucosamine
produced by the deacetylation of chitin. The degree of deacetylation in the deacetylation
process is determined by the ratio between the two units, and when the chitosan deacetylation
degree reaches around 50%, it becomes soluble in an aqueous acidic environment. Chitosan
becomes cationic when it degrades in an acidic environment because the amino groups in the
chain protonate, and the polymer becomes cationic, allowing it to interact with a wide spectrum
of molecules [11-13]. Enzyme inhibition, immunostimulant, antimicrobial, anticoagulant,
anticancer, anticholesterolemic, and wound healing are only a few of the biological properties
of chitosan. Due to its inherent properties, chitosan has sparked a lot of scientific curiosity, and
there are a lot of studies about it in the literature. Chitosan is considered a versatile biopolymer
since it may be used to make gels, films, and nanoparticles [14].

Palk Bay is a small semi-enclosed sea body having a maximum depth of 13 meters [15].
Thondi is part of Palk Bay and is home to a diverse range of fish, crustaceans, cephalopods,
seagrass, seaweeds, marine arthropods, and other marine species. It is one of the major fish
landing stations found along *Tamilnadu’s Palk Bay coast (Ramanathapuram District). Prawns
(Penaeus semisulcatus), crabs (Portunus pelagicus), cephalopods (Sepiella spp. ), perches
(Lenthrinus spp. and Psammoperca waigiensis), belone (Hemirampus spp.) and rays are among
the major kinds of fish found here [16]. Sepiella inermis is a demersal benthos-nektonic
molluscan mollusk found mostly in Attukanava, Tamil Nadu, and along the Indian coast [17].
Sepiella inermis is a cephalopod that lives in shallow water. It has an oval form and is dorso-
ventrally compressed, and it can grow from 4.5 cm to 12 cm. From the intertidal to depths of
40 meters, it may be found in Malaysia, Japan, England, ’Singapore’s coast, and worldwide.
The lack of a feature on the cuttlebone that mimics a spine distinguishes S. inermis (spineless
cuttlefish) from other cuttlefish genera [18].
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The industrial processing of seafood for human utilization, such as squid, shrimp, crab,
and krill, as well as fish, produces huge volumes of trash, which accounts for around 50-60%
of the weight, with global yearly production estimated to be 1.44 million metric tonnes in dry
weight. Low biodegradation rates are a major problem in the seafood processing industry,
resulting in massive waste [19,20]. Chemically, the waste is composed of 20-30% chitin, 20-
40% protein, 30-60% minerals, and 0-140 percent lipids [21-25].

In India, many cuttlefish (S. inermis) internal shells are dumped as garbage. It pollutes
the environment and endangers human health, and there is no comprehensive study on how to
extract beneficial goods from this “biological waste”. As a result, using waste from industrial
operations will decrease environmental pollution while also allowing these waste materials to
be used to manufacture usable biomaterials [26]. Therefore, the objectives of this study were:
1) Extraction of chitosan from cuttlebone.2) Measurement of the degree of deacetylation of
chitosan. 3) Utilization of Fourier Transform Infrared Spectroscopy (FTIR), X-ray diffraction
(XRD), and Thermogravimetric Analysis (TGA) to characterize the isolated chitosan. 4)
Studying the surface topography by Scanning Electron Microscopy (SEM).

2. Materials and Methods
2.1. Collection of cuttlebones.

The cuttlebone from Sepiella inermis was given by local fishermen on the Thondi Coast
(9045’ N, 79 0 04’ E). The bones were collected and dried for seven days before being used.
The dried bones were weighed and pulverized for future characterization studies (Fig. 1).

e

Figuré 1. Cuttlebone of Sepiella inermis.
2.2. Extraction of chitin.

Kaya et al. (2014) [26] provided instructions for chitin extraction. The extraction
method used here comprised four chemical treatment steps, each followed by a distilled water
rinse until a neutral pH was reached. In a 40 mL sodium hypochlorite (NaOCI) solution, the
samples (10 g of powder sample) were refluxed at 100 °C for 10 minutes (3 percent, v: V).
After washing with distilled water, the procedure was repeated. The samples were
demineralized by refluxing them for 15 minutes in 20 mL of 1 M HCI at 75°C. To eliminate
protein residues, the samples were refluxed for 20 minutes at 100°C in 20 mL of 1 M NaOH
(sodium hydroxide) solution. Finally, the extracts were filtered and dried at 60° C until
completely dried. The chitin sample’s dry mass was determined, and the chitin content was
then calculated. The mixture's pH was often neutralized at each stage to obtain a sample of
ideal purity.
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2.3. Extraction of chitosan.

The chitosan extraction was done according to Rasti et al. (2017) [27] technique. To
extract chitosan, the deproteinized product was diluted in a 45 percent sodium hydroxide
solution (15 ml/g) and heated at 110°C for 24 hours. The resulting product was soluble in 2%
acetic acid, indicating that it had undergone a significant amount of deacetylation. After that,
the resulting product was rinsed with distilled water until the pH was neutral then filtered to
remove the solid matter, which was the final product.

2.4. Characterization of chitosan.
2.4.1. Fourier transform infrared spectroscopy (FTIR).

A Perkins-Elmer spectrometer (Spectrum RX I, MA, USA) was used to conduct a
Fourier Transform Infrared Spectroscopy examination of potassium bromide-supported sample
chitosan over the frequency range 4000-400 cm™ with a resolution of 4 cm™. The following
equation calculates the degree of acetylation (DA).

DA (%) = (A1656/A3468) * 115 (1)
Where A1656 represents the degree of absorption at 1656 cm™, and A3468 represents the
degree of absorption at 3468 cm™.

2.4.2. X-ray powder diffractometry (XRD).

X-ray diffraction analysis was used to determine the crystallinity of the isolated
components (XRD). The *X’ Pert PRO PAN analytical (Netherlands) equipment was used at
40 kV and 30 mA with Cu k= 1.5406A.

2.4.3. Thermogravimetric analysis (TGA).

The Mettler Toledo TGA 2 was used to determine the change in mass of the chitosan
sample. Temperatures ranging from 0 to 600°C were used to assess the *material’s thermal
stability.

2.4.4. Scanning electron microscopy (SEM).

For analysis, the sample was wrapped in carbon tape and spun-coated with gold. The
TESCAN Oxford was used to make the Scanning Electron Micrographs, which were collected
at various magnifications.

3. Results and Discussion

3.1. Extraction of chitin and chitosan.

With an average weight of 50 g, chitin and chitosan were isolated from Sepiella inermis,
and 100 g of pulverized powder, 17.50% and 6.22 percent of chitin and chitosan were
recovered, respectively. In this study, chitosan derived from Sepiella inermis was rich in
minerals and calcium carbonate (CaCOs). The yield of chitosan is 6.22 percent in this case.
Previous research found that the production of chitosan from Lavicardium attenuatum and
Mytilus edulis was 43.8 and 51.8 percent, respectively, exceeding that of S. inermis [28,29]. In
a study of the cuttlebone of S. offcinalis, which contained 20% chitin [30]. Tolaimate et al.
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(2000) [31] utilized 40% sodium hydroxide to deacetylate the fungal chitin, yielding 23.7, 21.8,
and 24 percent fungal chitosan, respectively. Prior research found 45.01 percent chitosan
production from Pinna deltoides shells [32]. Chitosan production is greater in the current study
than in N. crepidularia (35.43 percent), Metapeneus affinis (19.13 percent), and Penaeus
monodon (16.75 percent) [33,34].

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

Fourier transform infrared spectroscopy of chitosan revealed significant bands ranging
from 700 to 3000 cm™. Chitosan absorbance bands were found in the samples at 464, 518, 695,
783, 1077, 1382, 1646, 2931, and 3458 cm™™. Secondary stretching of C-O was detected at 1646
cmt, whereas amide | and aliphatic CH stretching were recorded at 1382 and 2931 cm™,
respectively. The presence of an asymmetrical C-O-C with saccharide rings was shown by the
peak at 1077cm™. The spectral analysis of S. inermis bone chitosan revealed a strong bond at
3458 cm, which corresponds to the angular deformation of OH present in the structure of
chitosan hydroxyl asymmetrical stretching vibration and -NH: stretching vibration. Peak 2931
cm* was ascribed to C=0 stretching and amide I. The peak at 1646 cm™ was assigned to CO-
stretching of amide I, confirming chitosan deacetylation. The FTIR spectrum was used to
determine the degree of deacetylation of chitosan isolated from Sepiella inermis. The isolated
chitosan was found to have 59.76 percent deacetylation (Fig. 2).

Figure 2. FTIR spectra of chitosan extracted from S. inermis.

Fourier Transform Infrared (FT-IR) spectroscopy revealed that the peaks at 1653cm™
suggested the possibility of C-O secondary stretching in chitosan [35]. Stretching was detected
at 2931cm in the previous work, indicating CH bending in chitosan. Similar peaks in the
cuttlefish (Sepia officinalis), shrimp (Penaeus kerathurus), and crab (Carcinus mediterraneus)
were also reported [15]. In the current investigation, the FTIR spectra of chitosan isolated from
S. inermis revealed a characteristic- C-O-C glycosidic linkage of 1066 cm™ and an OH-strong
bond. At 3449cm™, the presence of NH: stretching vibration is equivalent to that of
Brachytrupes portentosus was observed [36]. Characteristic peaks for chitosan at 3400 cm™
have been found to be related to stretching vibration and intermolecular hydrogen bonding of
NH2 and OH groups [37]. Fourier transform infrared spectroscopy analysis revealed a
characteristic -CO stretching at 2931cm™ [38]. The current ’study’s findings were comparable
to those found in Sardina pilchardus scales [39].
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The DDA of chitosan recovered from the bone of S. inermis was determined using FT-
IR measurements and found to be 54.91 percent. While S. kobienis has a greater degree of
deacetylation (85.55 percent) [25], Sepia prashadi has a similar degree of deacetylation (55.95
percent) [40]. Research using sardine scales, Sardina pilchardus, found that the DDA of
chitosan was 86.81 percent [41]. Tsung et al. (2009) [42] discovered that increasing
deacetylation at 110°C for 2 hours dramatically boosted DDA (78 percent). However, when an
8-hour deacetylation period was applied, it climbed by up to 87 percent. A similar result was
obtained when chitin was deacetylated at 130°C, with the maximum DDA (90 percent) obtained
when deacetylation was carried out for 8 hours at 130°C. The results revealed that increasing
the deacetylation temperature and duration enhanced the degree of deacetylation. The DDA
was also affected by the alkaline concentration and solid-solvent ratio.

3.2.2. X-ray powder diffractometry (XRD).

The material is blasted with X-rays during an XRD analysis, and the diffraction pattern
created is recorded. In the case of chitosan, three significant diffraction peaks were found at
16.3°, 22.0°, and 26.1° crystal planes. Significant levels of chitosan were found in the range of
20 to roughly 20° -27° (1002.2count\s). The sharper chitosan peaks of 22.0° in the current
experiment demonstrate the hefty crystalline structure (Fig. 3). The largest peaks of chitosan
discovered by X-ray powder diffractometry (XRD) were observed in the range of 20 to around
22.0°, and respectively from commercial chitosan. Previous research in S. kobiensis has
revealed two large chitosan peaks at 26= 10.2° and 20.4°, which correspond to the XRD peaks
in the current study [26]. Ibitoye et al. (2018) [36] published an XRD investigation of
Brachytrupes protentosus (house cricket) chitosan that revealed three distinct chitosan peaks
at 9.6° 19.6°, and 22.3° with three clear, crystalline reflections. In the wide-angle X-ray
diffraction patterns, shrimp chitosan displayed two large distinctive peaks at 26= 9.9° — 10.7°
and 19.8° — 20.7°, comparable to the current study [43].

W 1”' i
“MW"‘WW«MM,

Figure 3. XRD spectra of chitoéan extracted from S. inermis.
3.2.3. Thermogravimetric analysis (TGA).

Figure 4 depicts the thermal activity of chitosan isolated from S. inermis. The
thermogravimetric analysis of S. inermis reveals three phases of mass loss. At 250°C, the
primary mass loss stage is seen, with a mass loss of approximately 8.0053 percent. At 340°C,
the second stage of weight deficit was identified, with a percentage of mass loss of 62.0196
percent. At 450°C, the third segment of mass loss was detected with a mass loss percentage of
23.1889 percent. The initial step of mass loss is caused by the evaporation of liquid content,
whereas the second and final stages are caused by polysaccharide breakdown.
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Figure 4. TGA of Chitosan extracted from S.inermis.

The thermogravimetric analysis (TGA) of S. inermis chitosan revealed a significant
stage of mass loss at 250°C, consistent with comparable research of crab chitosan with varying
degrees of DDA, such as 83.3-93.3 percent, which revealed an endothermic melting peak in
the region of 152.3 — 159.2°C [44]. The TGA curve of pure chitosan revealed two phases of
weight loss with temperatures ranging from 47 to 450°C, with the first stage occurring in the
range of 47-100°C due to the loss of water molecules with a weight loss of roughly 9% [45].
The initial degradation of pure chitosan began at 247°C and was completed at around 450°C
with a weight loss of around 34% [46]. In the current investigation, the first step occurred at
250°C and resulted in mass loss owing to water molecule loss. The second phase with mass
loss at 340°C owing to polysaccharide and bond breakage. At 450°C, the chitosan was
discovered to have completely dissolved. The data show that chitosan has lost its heat stability.
The thermal degradation trend in the current study resembles that of prior studies [47,48].

3.2.4. Scanning electron microscopy (SEM).

To better comprehend the geometry of the chitosan sample, it was examined using a
scanning electron microscope (SEM). Figure 5 shows electron micrographs of distinct sections
of chitosan isolated from S. inermis at various magnifications.

Figure 5. SEM micrographs of chitosan extracted from S. inermis.

Chitosan has a smooth, porosity-free texture, as revealed by SEM, which is consistent
with prior findings [49,50]. A non-porous, smooth, membranous phase with dome-shaped
orifices, microfibrils, and crystallites may be seen in SEM images of pure chitosan and
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chitosan-chromone derivatives [45]. Smooth, rough, flaky, porous, and fibrous chitosan surface
morphology was isolated from house cricket by Ibitoye et al. (2018) [36]. Chitosan isolated
from the saltwater clam Mactra veneriformis was shown to have a smooth texture in previous
work [7].

4. Conclusions

For the isolation of chitosan from the wastes of marine food processing industries, a
viable and cost-effective approach has been established. This research aimed to convert seafood
waste material into a biomaterial. Technological advancements are driving demand for
alternative materials in numerous fields of biotechnology and industry, promoting the increased
usage of biopolymers and chitosan as the most abundant and renewable polysaccharides,
gaining more attention from researchers. The process of demineralization, deproteinization,
and deacetylation determines the maximal production of chitosan. The chitosan DDA in this
study was 54.91 percent, which had a wide range of industrial uses. Chitosan has gained
popularity as a means of accelerating tissue engineering research. The pharmacological
characteristics of chitosan generated from marine waste products will be the focus of our future
research.
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