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Iskenderun balik pazarindan temin edilen Sepia officinalis kaynakli miirekkep balig1 kemigi, kitin (CT)
ve kitosan (CS) iretiminde kullanildi Hem CT hem de CS'nin kimyasal yapisi ve fiziko-kimyasal
ozellikleri, Fourier-Doniisiimli Kizilétesi (FTIR), X-Isin1 Kirmimi (XRD) ve Taramali Elektron
Mikroskobu (SEM) araciligiyla kapsamli bir sekilde karakterize edildi. Miirekkep balig1 kemiginden elde
edilen CT ve CS verimleri sirastyla 32.1£0.15% ve 72.6+0.21% olarak hesaplandi. FTIR spektrum analizi
sonuglari, cesitli bantlarda islevsel gruplarin varligini ortaya koyarak orneklerin CT ve CS oldugunu
dogruladi. Deasetilasyon derecesi (DD) degeri, FTIR sonuglarina gore %84,20 olarak belirlendi.
Miirekkep baligi kemiginden elde edilen CT'nin kristal indeks (Crl) degeri %60,13 olarak hesaplandi.
SEM analizi, CT’nin yiizey morfolojisinde mikro-nano gozeneklerin ve mikro liflerin bulundugunu,
CS’nin ise pullu katmanlardan, mikro liflerden olustugunu ve oldukca gdzenekli ve fibriler bir yap:
sergiledigini ortaya ¢ikardi. Ticari 6neme sahip ve yaygin olarak tiiketilen S. officinalis’in sirt yiizgecinden
bu biyopolimerler basarili bir sekilde elde edildi. Deniz hayvanlarmin kabuklarindan elde edilen bu
biyopolimerler, piller, mikrodalga elektronigi, ambalaj malzemeleri ve ilag endiistrisi gibi ¢esitli alanlarda
alternatif ve yenilik¢i ¢ozlimler sunan siirdiiriilebilir ve ¢evre dostu malzemeler olarak kullanilabilir.
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Abstract

A cuttlebone sourced from Sepia officinalis, acquired from the Iskenderun fish market, served as the
raw material for the extraction of chitin (CT) and chitosan (CS). The chemical structure and physico-
chemical properties of both CT and CS were comprehensively characterized through Fourier-
transform infrared (FTIR), X-ray Diffraction (XRD) and Scanning Electron Microscopy (SEM). The
yields of CT and CS obtained from the cuttlebone of S. officinalis were calculated as 32.1+0.15% and
72.6+0.21%, respectively. The results of FTIR spectrum analysis revealed the presence of functional
groups at various bands, confirming the samples to be CT and CS. The deacetylation degree (DD)
value was determined to be 84.20% based on the FTIR results. The crystalline index (Crl) of CT
obtained from the cuttlebone was calculated as 60.13%. SEM analysis revealed that micro-pores, nano-
pores, and microfibers were present in the surface morphology of chitin, while chitosan was found to
consist of scaly layers, microfibers, and exhibited a highly porous and fibrillar structure. The
biopolymers were successfully obtained from the dorsal fin of commercially important and widely
consumed S. officinalis. These biopolymers derived from marine animal shells can be utilized as
sustainable and environmentally friendly materials offering alternative and innovative solutions in
various fields such as batteries, microwave electronics, packaging materials, and the pharmaceutical
industry.

Atif bilgisi / Cite as: Ugurlu, E. & Duysak, O. (2024). Chitin and Chitosan from Sepia officinalis:
Extraction and Characterization Study. Menba Journal of Fisheries Faculty, 10 (3), 1-13. DOI:
10.58626/menba.1447172.
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INTRODUCTION

In the world, there are extensive aquatic areas and the marine animals inhabiting these vast regions are considered a renewable
resource. The utilization of marine-derived biomaterials, particularly marine waste components, is of utmost importance for
human well-being. Marine organisms constitute a significant source of bioactive natural products with unique structural and
chemical properties not found in terrestrial animals (Ullah & Khan, 2023). Chitin (CT) and chitosan (CS) biopolymers, obtained
from marine by-products such as mussel shells, shrimp shells, fish scales and cuttlebone, are utilized in various areas, including
tissue engineering and the pharmaceutical industry (Alabaraoye et al., 2018). Chitin (CT), the second most abundant
polysaccharide worldwide after cellulose, has attracted attention in the field of eco-friendly technology due to the increasing
emphasis on biopolymers and bio-based polymers (Rudall & Kenchington 1973. These natural alternatives provide functionality
and superior biodegradability compared to synthetic polymers (Hahn & Hennecke, 2023).

Chitosan (CS), obtained from chitin through deacetylation, is a naturally occurring polysaccharide. Deacetylation, which involves
the removal of acetyl groups, is carried out at elevated temperatures and specific durations using strong alkalis. CS is distinguished
by its non-toxic, bioabsorbable, compatible and degradable properties (Islam et al., 2020). Studies suggest that chitin (CT) and
chitosan sourced from marine invertebrates globally demonstrate antitumor, anti-leukemia, antibacterial and antiviral activities
(Islam et al., 2023; Ma et al., 2023; Nafary et al., 2023; Zigrayova et al., 2023). The cuttlebone are natural sources containing
chitin, and chitosan (CS) is obtained through processes of deproteinization, demineralization and deacetylation.

The cuttlebone, also known as the calcareous inner shell of Sepia, plays a vital role in cuttlefish buoyancy control in water due
to its gas-filled structure (Le Pabic et al., 2017). Functioning as a highly porous and rigid floating reservoir within the cuttlefish
body, cuttlebone is utilized in various applications, particularly in toothpaste production (Checa et al., 2015; Le Pabic et al.,
2017). Furthermore, it functions as an absorbent for the uptake of metals from aqueous solutions. Recent studies have
demonstrated its efficacy in eliminating significant pollutants, such as fluoride from drinking water and cobalt (1) from aqueous
solutions (Ben Nasr et al., 2011; Kavisri et al., 2023).

B-chitin, a biopolymer, is extracted from this composite for diverse applications (Jung et al., 2018; Shushizadeh et al., 2015).
Compared to a-chitin, B-chitin demonstrates increased solubility and swelling capacity (Birolli et al., 2016; Lamarque et al.,
2007). This can be attributed to the weaker intermolecular hydrogen bonding arising from the parallel arrangement of the main
chains. As a result, B-chitin is expected to possess a stronger affinity for various solvents and greater reactivity than a-chitin
(Hasan et al., 2022). Recent research suggests that during the deacetylation process, B-chitin exhibits higher reactivity than a-
chitin, indicating significant potential for participation in diverse chemical transformations (Rocha-Pino et al., 2007).

Although there are humerous cephalopod species, research tends to concentrate on taxonomic classification, growth patterns,
biology, heavy metals and ink studies associated with this species (Duysak & Ugurlu, 2017, 2020; Duysak et al. 2023; Ugurlu et
al. 2020; Queiros et al., 2023; Sajikumar et al., 2023; Tajika et al., 2021; Ugurlu et al., 2018; J. C. Xavier et al., 2018; J. Xavier
& Cherel, 2021). Additionally, there are studies on chitin and chitosan conducted on cuttlebone obtained from various species
(Arrouze et al., 2021; Ramasamy et al., 2014; Vino et al., 2012).

Considering this importance, the current study aimed to extract chitin (CT) and chitosan (CS) from the cuttlebone of S. officinalis
obtained from Iskenderun fish market. Additionally, the study involved characterizing CT and CS biopolymers using SEM, FTIR
and XRD techniques, as well as evaluating the yield, deacetylation degree, and solubility properties of CT and CS.

MATERIAL AND METHOD

Material

For this study, 10 samples of S. officinalis were collected from the Iskenderun fish market in June 2023. After dissection in the
laboratory, the cuttlebones of S. officinalis were removed and underwent several washes with bidistilled water. Subsequently, the
washed samples were dried in an oven at 60°C and ground (Figure 1). The dried shell powder samples were stored in a desiccator
until further processing for chitin and chitosan production studies.

Figure 1. Cuttlebone of S. officinalis and after grinding process.
Methods
Extraction of CT and CS

The production of CT and CS was conducted in three stages, with each process followed by thorough washing with bidistilled
water until reaching a neutral pH and subsequently left to dry at 50 °C for 24 hours. In the initial stage, the material was constantly
stirred for 18 hours at 80 °C in the presence of 500 mL 1M NaOH (Takiguchi, 1991a). In the second stage, the deproteinated
powder sample underwent treatment with 500 mL 1M HCI and was constantly stirred at RT for 18 hours (Takiguchi, 1991a).
Finally, in the last stage, CT was subjected to deacetylation by continuous stirring at 100 °C for 4 hours, utilizing a 50% NaOH
solution (Takiguchi, 1991b). After deacetylation, the chitosan was thoroughly washed with bidistilled water, dried at 50°C for 24
hours, and all obtained samples were stored in a desiccator until characterization studies were conducted.
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Yields of CT and CS

The yields of the CT and CS obtained from the powders were calculated by correlating the weights of the raw shell powders with
the weights of CT and CS taken later. The yields of CT and CS were calculated as described by Luo et al. (2019).

Y cr=Wet/Wraw powderx100 1)
Y cs=Wes/Werx100 2
where, Y: yield, W: weight, CT: chitin and CS: chitosan.

Solubility in acid solution

In order to assess the acid solubility of CT and CS powders derived from cuttlebone of S. officinalis, 1g of was measured and
dissolved in 100 mL of a 1% acetic acid solution. The resulting solution was stirred and left at room temperature for 2 hours.
Subsequently, it was filtered through pre-weighed filter paper, which was then dried. The dried paper along with the samples was
weighed again. The percentage solubility was determined by analyzing the weight gain rate of the filter paper x100 (Nessa et al.,
2011).

Insoluble (g)=Final weight of filter paper (g)-initial weight of filter paper(g) ?3)
Insoluble (%)=(Insoluble (g))/(Sample weight (g)) x100 (@)
Soluble (%)=100-insoluble (%) 5)

Fourier-Transform Infrared Spectroscopy (FTIR) Analysis

The CT and CS generated were subjected to characterization using a Jasco/FT/IR-6700 instrument equipped with ATR in the
range of 400 to 4000 cm, with the process for three replicates. The degree of deacetylation (DD) of the samples was defined
following the method utilized by Brugnerotto et al. (2001). The Aiszo represents the peak area at 1320 cm?, while the Ai420 means
the peak region at 1420 cm™, with Assz related with the amide group and Aqaxo related with the amine group.

% DA= [((A1320 / Araz) — 0.3822) / (0.03133)] (6)
% DD = 100 - % DA (7
where, DA = degree of acetylation.

X-Ray Diffraction (XRD) Analysis

XRD analysis was utilized to assess the crystallinity of both CT and CS. The patterns were recorded using a Malvern Panalytical
EMPYREAN 3 generation analytical instrument (UK) with Cu Ko, radiation (A = 1.5406 A, 40 kV, 30 mA). Data gathering took
place with a scanning rate of 1°/min across a scanning angle range spanning from 5° to 40°. The crystalline index (Icr) was
ascertained using the formula suggested by Yuan et al. (2011).

ICr]_]_O:[(I]_]_O'Iam)/Iam ]XlOO (8)

Here, 1110 represents the peak intensity of the (110) diffraction at 26= 20° and Iam denotes the signal from amorphous diffraction
at 20 = 16°.

Scanning Electronic Microscopy (SEM)

To enhance the imaging quality of the CT and CS biopolymers derived from the samples, the surfaces of the samples were coated
with gold-palladium using a Sputter Coater from the POLARON SC7620 brand. Following the coating process, surface
morphology images were captured using a JEOL JSM-6380LA device using 15 kV.

RESULT AND DISCUSSION

In recent years, significant emphasis has been placed on the bioactivity of natural materials derived from marine flora and fauna,
particularly marine animals. CT (chitin) and CS (chitosan) were extracted from the cuttlebone of S. officinalis and analyses were
conducted to determine the deacetylation degree, crystalline index, solubility values, as well as SEM, FTIR and XRD
characteristics of the CT and CS biopolymers from S. officinalis.

Yield of CT and CS

Numerous researchers have documented variations in CT (chitin) yield across different species. For instance, Chandumpai et al.
(2004) reported CT yields of 36.06% for Loligo lessoniana and 36.55% for L. formosana. Vino et al. (2011) found a CT yield of
21% from cuttlebone of S. aculeata, while Al Sagheer et al. (2009) reported varying yields of CT from different sources, including
Metapenaeus affinis (19.13%), Penaeus semisulcatus (16.75%), Portunus pelagicus male (20.80%), P. pelagicus female
(20.14%), Thenus orientalis (21.26%) and cuttlefish (7.40%). Palpandi et al. (2009) determined yield of the CT from the squid
Doryteuthis sibogae gladius as 33.02%. In this study, the yield of CT obtained from S. officinalis cuttlebone was determined to
be 32.1+0.15%.
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CT, despite being a polymer, exhibits insolubility in water, limiting its widespread application. To enhance solubility and broaden
its utility, numerous CT derivatives have been developed, with CS (chitosan) serving as a base material, representing the
deacetylated form of CT. Researchers have explored CT extraction from various sources and notable efforts include the following:

. The CS yields from the shell, claw and legs of the Portunid crab Scylla tranquebarica were reported as 6.59%, 4.12%
and 8.42%, respectively (Thirunavukkarasu & Shanmugam, 2009).

. The CS yields derived from the CT of L. lessiana, L. formosana and P. monodon were reported by Chandumpai et al.
(2004) as 77.55%, 77.21% and 78.23%, respectively.

. Oduor-Odeto et al. (2005) reported CS yields obtained from CT of prawns, crabs, and lobsters as 75.1%, 74.6% and
74.3%, respectively.

. The percentage yield of CS from the chitinous material of various cephalopod sources was reported as 15% in Sepia
prashadi, 15% in Sepiella inermis, 18.75% in Sepioteuthis lessoniana gladius and 21% in S. aculeata (Seedevi et al., 2017;
Subhapradha et al., 2013; VVairamani et al., 2013; Vino et al., 2011).

In this study, the yield of CS obtained from the cuttlebone of S. officinalis was recorded as 72.6+0.21%. This rate was found to
be higher than the yields of cuttlefish S. inermis, S. prashadi, S. aculeata and squid S. lessoniana. These variations are attributed
to differences in species or distinct processing methods.

Solubility

The solubility of CT and CS biopolymers derived from the cuttlebone of S. officinalis in 1% acetic acid was calculated. The
results revealed that the solubility of the cuttlebone CT biopolymer is 37.67+2.06%. Additionally, the cuttlebone CS biopolymer
demonstrated a solubility value of 85.24+2.55%. Comparative studies by Demir et al. (2016) and Ugurlu and Duysak (2023)
reported solubility values of CS obtained from shells in acetic acid as 99.29+0.001% and 85.26+1.55% to 88.06+2.23%,
respectively. A high solubility of the CS biopolymer in acetic acid indicates a deacetylation degree of at least 85% (Hossain et
al., 2014). Ugurlu and Duysak (2023) calculated the %DA and %DD values of CT biomaterials derived from the shell and spines
of sea urchins as %15.8 and %14.20, respectively, while that of CS was calculated as %84.19-%85.80.

FTIR Analysis

FTIR characterization of the CT derived from cuttlebone was carried out using the Jasco/FT/IR-6700 device within the frequency
range of 4000-400 cm™. Figure 2 depicts that the absorption patterns in the spectrum closely mirror those documented in the
literature, confirming the formation of high-quality CT biopolymers. Table 1 showed that the absorption bands of CT prepared
from cuttlebone were similar to those of standard chitosan (Kaya et al., 2015).

A thorough analysis of the FTIR data reveals characteristic bands specific to cuttlebone CT. In Figure 2, absorption peaks for
cuttlebone CT are observed at 3407.61 cm™. These peaks indicate the stretching and vibrating of aliphatic O-H, with greater
prominence in the CT spectrum. The spectrum bands of CT obtained from cuttlebone at 2938.39 cm™ represent the C-H vibration
of -CHa. Peaks at 1659.45 cm™ indicate the stretching and vibration of the carbonyl group C=0 from acetamide (-nHCOCHj3).

Additional distinctive absorptions of the CT biopolymer derived from cuttlebone are noted at 1639.19 cm™! and 1443.45 cm™!,
indicating the bending vibration of -NH and the stretching vibration of -CN from the acetamide group.

Figure 2. FTIR bands of chitin (CT) and chitosan (CS) from cuttlebone of S. officinalis.

Moreover, the spectral peaks of CT from cuttlebone at 1063.55 cm™ indicate the stretching vibration associated with the -C-O-C
of the glucosamine ring. The absorption peak at 856.24 cm™! serves as a characteristic peak for $-1,4 glycosidic bonds, signifying
ring stretch. The presence of a-chitin in the cuttlebone is identified in this spectrum. Several researchers have observed that the
distinctive bonding arrangement between o-chitin and B-chitin results in the splitting of the amide I band at 1660 cm™ in the a-
chitin spectrum (Al Sagheer et al., 2009; Lavall et al., 2007). FTIR analysis has determined that the CT biopolymers obtained
from the cuttlebone exhibit similarity to commercial CT (Palpandi et al., 2009).

Table 1. Comparison of significant peak wavenumbers in the FTIR spectrum of CT obtained from the cuttlebone of S. officinalis
and commercial CT.

The synthesized CS samples underwent FTIR analysis and the results are illustrated in Figure 2. It has been observed that the
spectrum of CS synthesized from S. officinalis cuttlebone closely resembles the commercial chitosan reported by Kaya et al.
(2013). The FTIR peaks for cuttlebone CS are identified at 3352.63 cm™ (angular deformation of OH in the CS structure), 2938.02
cm® (-CH stretching), 1652.69 cm? (vibration modes of amide 1), 1593.87 cm™ (-NH; bending vibration in the amino group),
1443.45 cm* (vibration OH, CH in the ring), 1396.21 cm™ (-NH primary, secondary and tertiary bonds) and 1083 cm™ (C-O
stretching in acetamide), as shown in Figure 2. VVarious research groups, including Al Sagheer et al. (2009), Si Trung and Bao
(2015) and Younes and Rinaudo (2015) have reported similar bands for CS at 3441 cm™, 2909 cm™, 2808 cm'?, 1633 cm?, 1603
cm?, 1593 cm?, 1412 cm?, 1352 cm?and 1030 cm™. Furthermore, the FTIR results of the CS biopolymers in this study exhibit
similarity to the standard chitosan results in the study conducted by Palpandi et al. (2009).
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The FTIR spectra of the standard CS sample exhibited different bands at 3356 cm®, 2921 cm, 1652 cm?, 1586 cm?, 1375 cm®
and 1021 cm? (Kaya et al., 2013; Palpandi et al., 2009). The comparison of FTIR results between synthesized CS and a
commercial chitosan sample confirms that these materials serve as excellent sources of CS and the synthesized material closely
resembles the commercial chitosan reported by Kaya et al. (2013). The FTIR analysis has substantiated the successful extraction
of CT and CS from S. officinalis cuttlebone, with the observed FTIR bands closely aligning with the literature (Chandumpai et
al., 2004; Hasan et al., 2022; Kaya et al., 2013, 2015; Ramasamy et al., 2014; Ugurlu & Duysak, 2023; Vino et al., 2012).

Table 2. Comparison of significant peak wavenumbers in the FTIR spectrum of chitosan obtained from the cuttlebone of S.
officinalis and commercial chitosan.

The degree of acetylation of the materials obtained from cuttlebone was determined through FTIR analysis. The absorbance
method within the FTIR analysis was utilized to compute the %DA (degree of acetylation) and %DD (degree of deacetylation)
for S. officinalis cuttlebone. A %DA value below 60% signifies CT, while a %DD above 60% indicates CS (Rinaudo, 2006). The
calculation of DD and DA in S. officinalis was performed using the absorbance mode of the FTIR spectra. The calculated values
for %DA and %DD for CT and CS extracted from S. officinalis cuttlebone were 15.80% and 84.20%, respectively. In comparison,
Ogretmen et al. (2022) stated that the %DD of CS from pink shrimp (Parapenaeus longirostris) was 81%. Furthermore,
Alabaraoye et al. (2018) reported varying percentages of %DA for CT materials obtained from mussel (91%), oyster (85.62%),
shrimp (51.61%) and crab (69.4%). The differences observed in these results between the two studies and our current investigation
are likely attributed to species variations and differences in experimental procedures.

XRD Analysis

The X-ray diffraction patterns of CT and CS extracted from S. officinalis cuttlebone are illustrated in Figure 3. The figure indicates
the presence of CaCOs (calcite) and CT. The XRD analysis conducted in this study reveals the extraction of a-chitin. In the XRD
analysis of cuttlebone CT, 14 crystal reflection peaks within the 5-90° range were observed, with the ten most prominent peaks
at 20.10°, 22.30°, 29.20°, 30.70°, 31.40°, 32.05°, 39.70°, 42.80°, 44.60° and 49.20° (Figure 3). The highest peak reflection was
noted between 20-25° at 20 (1160° count s™).

In the XRD analysis of cuttlebone CS, 15 peaks were detected, with the six largest peaks at 12.70°, 20.55°, 26.30°, 28.80°, 29.20°
and 35.40°. The most significant peak for CS was identified at 20 between 20-30° (1090° count s*) (Figure 3). Previous studies
have confirmed the existence of two identical peaks around 10° and 20° for shell powders exhibiting different degrees of
deacetylation, which have been attributed to species or regional variations (Kumari et al., 2015; Trung et al., 2006).

Figure 3. Comparison of X-ray power diffractograms of chitin (CT) and chitosan (CS) from cuttlebone of S. officinalis.

The crystalline index (lcr) of CT extracted from S. officinalis cuttlebone was determined to be 60.13%. In contrast, Ugurlu and
Duysak (2023) reported Icr values for chitin (CT) obtained from Diadema setosum testa and spines as 68% and 67%, respectively.
Dahmane et al. (2014) reported Icr value of 93.67% for CT extracted from Parapenaeus longirostris shells. Cardenas et al. (2004)
reported varying lcr values for CT obtained from different sources including shrimp, lobster, crab, king crab and squid species,
ranging from 66.3% to 82.7%. Ibitoye et al. (2018) determined Icr value of 88.02% for CT obtained from house cricket
(Brachytrupes portentosus). The wide range of Icr values observed across these studies may be attributed to differences in species,
extraction methods and the purity of the materials used.

SEM Analysis

The morphology of CT and CS obtained from cuttlefish bone was examined using SEM. Images with two different magnifications
and from different regions are presented in Figure 4. SEM imaging reveals that CT extracted from cuttlebone consists of
microfibers along with micropores and nanopores in surface images (Figure 4a, b). Figure 4b provides a closer look at the inner
matrix of nanofibers. The presence of numerous surface pores affirms the excellent porosity of this marine biomaterial. The
extracted CS exhibits layers of flakes, microfibers and a highly porous structure, observable in various areas. In certain sections
of CS, distinct fibril structures are evident. Upon closer magnification in specific parts of the CS, the presence of fibrillar sheet
scales is observed, reminiscent of findings in Yen et al. (2009) study on CS from crab and cuttlefish (Sepia kobiensis) (Ramasamy
et al., 2014).

Figure 4. SEM images of chitin (CT) and chitosan (CS) from cuttlebone of Sepia officinalis: A, B) CT from cuttlebone, C, D)
CS from cuttlebone.

CONCLUSION

In conclusion, this study has focused on determining the physicochemical properties of chitin (CT) and chitosan (CS) samples
obtained from cuttlebone of S. officinalis, and on FTIR, XRD, and SEM analyses. The findings indicate that the extracted CT
from cuttlebone is in the alpha (a) form, featuring a fine nanofiber structure with slight nano-porosity. The chitin and chitosan
yields obtained from cuttlebone of S. officinalis were calculated as 32.1+0.15% and 72.6+0.21%, respectively. The degree of
deacetylation was created to be 15.80% of chitin, while the degree of deacetylation of chitosan was 84.20%. The solubility of
chitosan from cuttlebone was 85.24+2.55%. The CrI % of cuttlebone was found to be 60.13%. These biomaterials hold promising
potential as alternatives in various industrial sectors such as petroleum, pharmaceuticals, medicine, textiles, and agriculture. The
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unique properties revealed through this study contribute to the potential applications of these marine-derived biomaterials,
opening avenues for further exploration and utilization in diverse industrial areas.
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Tables

Table 1. Comparison of significant peak wave numbers in the FTIR spectrum of CT obtained from the dorsal fin of S. officinalis
and commercial CT.

Commercial CT Cuttlebone CT

Functional group and vibration modes peak wavenumber peak
(Pearson et al., 1960) (cm™) wavenumber
(cm™)
OH out of plane bending 690 699.07
CH ring stretching 896 856.24
CHs wagging 952 956.51
C-0 asymmetric stretch in phase ring 1024 1027.87
C-O-C asymmetric stretch in phase ring 1068 1063.55
Asymmetric in-phase ring stretching mode 1114 1113.69
Asymmetric bridge oxygen stretching 1155 1154.19
CH> ending and CH3 deformation 1430 1443.45
C-0 secondary amide stretch 1620 1639.19
C-0 secondary amide stretch 1654 1659.45
CH3; symmetrical stretch 2867 2882.09
CH3; symmetrical stretch and CH, asymmetric stretch 2937 2938.98
N-H stretching 3101-3259 3282.25
O-H stretching 3437 3407.61
References Kaya et al. (2015) This study

Table 2. Comparison of significant peak wavenumbers in the FTIR spectrum of CS obtained from the cuttlebone of S.
officinalis and commercial CS.

Commercial CS CS from Cuttlebone

Functional group and vibration mode peak wavenumber peak wavenumber
(cm™) (cm™)
Pyranose ring skeletal vibrations 892 871.66
v (C-0) in primary OH group 985 989.30
v (C-0) in secondary OH group 1021 1028.84
vas(C-0O-C) (glycosidic linkage) 1062 1083.79
vs(C-0-C) (glycosidic linkage) 1149 1155.15
Complex vibrations of NHCO group (amide 111 band) 1258 1227.47
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8 (C—H) in pyranose ring

8s(CH3) in NHCOCHS3; group

8(CHzy) in CH20H group

v (NHz) in NHCOCHS; group (amide 11 band)

v (C=0) in NHCOCHj3 group (amide | band)

v (C—H) in pyranose ring

vas(CH.) in CH,OH group

v (NH_) associated with primary amines and OH associated
with pyranose ring

References

1317
1375
1420
1586
1652
2871

2921

3356

Kaya et al. (2013)

1311.46
1396.21
1443.45
1593.87
1652.69
2851.24

2938.02

3352.63

This study
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Figures

Figure 1. Cuttlebone of S. officinalis and after grinding process.
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Figure 2. FTIR bands of chitin (CT) and chitosan (CS) from cuttlebone of S. officinalis.
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Figure 3. Comparison of X-ray power diffractograms of chitin (CT) and chitosan (CS) from cuttlebone of S. officinalis.

Figure 4. SEM images of chitin (CT) and chitosan (CS) from cuttlebone of Sepia officinalis: A, B) CT from cuttlebone, C, D)

CS from cuttlebone.
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