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Abstract: Monodonta turbinata is a densely populated species along the coasts of

Iskenderun Bay, Mediterranean Sea. The shells of M. turbinata contain a high Keywords
amount of chitin for the chitosan production. The goal of this research is to produce e Gastropods
chitin and chitosan from M. turbinata shells and characterize them using X-Ray e Biomaterial
Diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR) and Scanning e Polymer
Electron Microscopy (SEM) techniques. In addition, the samples were analyzed for e Chitin
solubility and deacetylation degree. The yields of chitin and chitosan obtained from e Chitosan

M. turbinata were calculated as 60.26+0.96% and 80+1.29%, respectively. FTIR
spectrum analysis results revealed the existence of functional groups in various
bands and confirmed that the samples were chitin and chitosan. As a result of the
FTIR, the deacetylation degree (DD) value was established to be 84.83%. The
crystalline index (Crl) of chitin obtained from shells was computed as 54.92%. SEM
analysis results displayed the morphological differences between chitin and chitosan
biopolymers. The results indicate that M. turbinata shells, a waste product from
iskenderun Bay, hold promise as a chitin and chitosan source for various
applications in Tiirkiye.

Ozet: Monodonta turbinata, Iskenderun Kérfezi kiyilarida yogun olarak bulunan
bir tiirdiir. Bu tiirler, kitosana donistiiriilebilen yiiksek miktarda kitin igerir. Bu

Anahtar kelimeler

arastirmanin amaci, M. turbinata kabuklarindan kitin ve kitosan elde etmek ve X- e Gastropod
st kirmmu (XRD), Fourier Doéniisiimlii Kizilotesi Spektroskopi (FTIR) ve e Biyomateryal
Taramali Elektron Mikroskobu (SEM) teknikleri kullanarak karakterize etmektir. e Polimer
Ayrica asitteki ¢oziiniirliigii ve deasetilasyon dereceleri de belirlenmistir. M. e Kitin
turbinata kabuklarindan elde edilen kitin ve kitosan verimleri sirasiyla %60,26+0,96 o Kitosan

ve %80+1,29 olarak hesaplanmistir. FTIR spektrum analizi sonuglari farkli
bantlarda fonksiyonel gruplarin varligini gostermis ve orneklerin kitin ve kitosan
oldugunu dogrulamustir. FTIR analizi kullanilarak DD degeri %84,83 olarak
bulunmustur. Kabuklardan elde edilen kitinin kristal indeksi (Crl) %54,92 olarak
hesaplanmistir. SEM analiz sonuglari, kitin ve kitosan biyopolimerleri arasindaki
morfolojik farkliliklarmi ortaya koymustur. Iskenderun Kérfezi'nde yogun bir
popiilasyona sahip M. turbinata kabuk atiginn, Tirkiye'deki ¢esitli uygulamalar i¢in
umut verici bir kitin ve kitosan kaynagi oldugunu géstermektedir.

1. INTRODUCTION

Natural products that play important roles in the regulation of biological systems are known as
secondary bioactive metabolites. The marine area is rich in natural products with unrivaled
effectiveness. Marine animals are composed of bioactive molecules with extraordinary properties due
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to the unique properties of the marine environment (Soltani et al., 2015). In recent years, it is known
that the oceans are a rich and sufficient source of natural products (Dhinakaran et al., 2012).

Chitin polymer, which is a structural amino polysaccharide, is the most abundant in the world after
cellulose and has a fibrous structure. The sources of chitin are the exoskeleton of crustaceans such as
shrimp, crabs and lobsters. Chitin was first described in 1884 and has been reported to have a poly (B-
(1—4)-N-acetyl-D-glucosamine) structure (Rinaudo, 2006). The chitin biopolymer has remarkable
properties (biodegradability, nontoxicity, biocompatibility, etc.). In addition, this biopolymer is used
in pharmaceutical, medical and industrial fields (Yadav et al., 2015). Chitosan is formed as a result of
advanced deacetylation of chitin and is the most important derivative of chitin. Chitosan is a weak
base and is insoluble in water, but soluble in acidic aqueous solutions. It is mainly evaluated by its
molecular weight (MW) and degree of acetylation (DA) (Younes & Rinaudo, 2015). The amine
groups in the structure of chitosan have an important advantage in terms of affecting various
biological activities.

In recent years, various studies have been carried out on chitin and chitosan. Researchers
emphasize obtaining chitin biopolymers from natural sources. There are chemical, biological and
thermal methods to obtain chitosan from naturally sourced chitin (Kumari et al., 2015; EI Knidri et al.,
2018; Kaczmarek et al., 2019; Zainol Abidin et al., 2020). The fact that chitosan biopolymers are
biodegradable, biocompatible and non-toxic has attracted a lot of attention in many industries such as
cosmetic health, agriculture, food, paper, and wide application areas (Synowiecki & Al-Khateeb,
2003).

Individuals of Monodonta turbinata (Born, 1780) (Gastropoda, Prosobranchia, Trochidae) are
marine gastropod mollusks. They are distributed in all coastal areas of the Mediterranean and can be
easily found all year round. M. turbinata lives in the rocky areas of the tidal zone. It can survive out
of the water for several hours and tolerate high temperatures. This species eats algae residue scraped
from rocks. Monodonta is distributed in the Mediterranean and Western Atlantic, from Portugal to
Morocco and the Canary Islands.

Gastropods form the dominant group of molluscs on the coast of iskenderun Bay in the Northeast
Mediterranean (Bakir et al., 2012). Most of the studies on M. turbinata, which has a dense population
on the coasts of Iskenderun Bay, were limited to the biology, heavy metal accumulation, nutrition and
biomonitoring of this species, and no studies on biomaterial production such as chitin and chitosan
were encountered. It is very significant that the species to be used as biomaterials are sustainable,
easily available and abundant.

In this study, it was aimed to extract chitin and chitosan from M. turbinata, one of the most
abundant examples of gastropods in the Iskenderun Bay. In addition to the extensive application areas
of chitin and chitosan in many industrial areas, this species has not been economically evaluated. In
this context, chitin and chitosan were produced from M. turbinata shells. Yield, deacetylation degree,
solubility, X-Ray Diffraction (XRD), Fourier Transforms Infrared Spectroscopy (FTIR) and Scanning
Electron Microscopy (SEM) analyses of chitin and chitosan biopolymers were performed.

2. MATERIALS and METHOD
2.1. Materials

In the present study, M. turbinata was randomly collected from the coastal region of Iskenderun
(36.58968° N, 36.14690° E) at the Northeast Mediterranean coast in April 2023 (Figure 1). Sampling
was done manually with a pocket knife, and a total of 50 samples were collected. The M. turbinata
species were quickly taken to the lab in a box (Figure 1). The soft tissues of M. turbinata were
removed, washed with plenty of water and the shells were dried in an oven at 60 °C. The dried shells
were weighed and then pulverized using a grinder. Approximately 200 g of dry M. turbinata shell was
used (Alabaraoye et al., 2018).
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Figure 1. Study area (Anonymous, 2023; GM, 2023) and M. turbinata.

2.2. Extraction

The demineralization was stirred at 500 rpm for 6 hours using 1M HCI at a ratio of 1:10 (w/v) at
ambient temperature. The obtained shell powder was washed to neutralize under running water.
Finally, the shell powder was collected and washed using distilled water and dried at 50 °C for 18
hours. Deproteinization was mixed at 500 rpm by adding 1M NaOH at a ratio of 1:10 (w/v) followed
by heating at 70 °C for 18 hours. The shell powder was neutralized by washing under the water. The
shell powders were gathered and washed again with distilled water. Finally, the shell powders were
dried in an oven for 18 hours , then weighed and placed in polyethylene tubes. The resulting shell
powder is chitin. Then, the chitin was deacetylated with 50% NaOH at a ratio of 1:10 (w/v) at 100 °C
for 4 hours at 500 rpm (Al Sagheer et al., 2009; Marei et al., 2016). The resulting deacetylated solid
was filtered, gathered, and washed using distilled water. Finally, the chitosan was dried in an oven for
18 hours, then weighed and placed in polyethylene tubes.
2.3. Yields

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

_ _ Wecnitin
Yenitin = o ——x100 1)
RI;II/W shell
_ Chitosan
YChitosan - W chitin x100 (2)

where, Y: yield, W: weight

2.4. Solubility

To determine the acid solubility of chitin and chitosan powders obtained from M. turbinata shells,
1g from each was weighed. It was dissolved in 100 mL of 1% acetic acid solution. The solution was
then stirred and kept at ambient temperature for 2 hours. Then, it was filtered through filter paper that
was weighed before and the filter paper was dried. The dried paper and samples were weighed again.
The percent solubility was analyzed from the weight gain rate of the filter paper x100 (Nessa et al.
2011).

2.5. Fourier Transforms Infrared Spectroscopy (FTIR) Analysis
FTIR analyses of M. turbinate chitin and chitosan material were performed with a Jasco/FT/IR-
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6700 instrument set with ATR. IR spectra were observed between 4000 and 400 cm™ at a
determination of 4 cm™. The DD of the polymer was computed according to the study used by
Brugnerotto et al. (2001) (Egs. 3 and 4)

%DA = [(522) - 0.3822] /0.3133 3)

1420

%DD = 100 — %DA 4)

where, DD = deacetylation degree (%) and DA = acetylation degree (%). A1320 was the peak
region of the 1320 cm-1 band and A1420 was the apex area of the 1420 cm-1 band, A1320 is the peak
for the amide group and A1420 was the peak for the amine group.

2.6. X-Ray Diffraction (XRD) Analysis

X-Ray diffraction (XRD) studies were performed to determine the crystallinity of the obtained
chitin and chitosan biopolymers. Malvern Panalytical EMPYREAN 3rd generation analytical (UK)
device was worked with Cu Ka radiation (A= 1.5406 A) at 40 kV and 30 mA. Data were gathered at a
scan amount of 1°/min with a scan position of 5 to 45°. The crystalline index (Crl) method was used
by Yuan et al. (2011) Eq (5),

Crlyzo = (H222) x100 (5)

110

where ;19 is the highest intensity of the (110) diffraction peak at 26 =20° and I, is the amorphous
deflection signal at 26 = 16°.

2.7. Scanning Electron Microscopy (SEM)

The surface areas and structures of M. turbinate chitin and chitosan biopolymers were visualized
by SEM. Before imaging the chitin and chitosan materials, gold-palladium coating was performed
with the POLARON SC7620 device. The distribution of coated chitin and chitosan biopolymers was
shown with the SEM device (JEOL JSM-6380LA) using 15 kV (Marei et al., 2016).

3. RESULTS and DISCUSSION

Chitin and chitosan were extracted from M. turbinata shell waste as a result of deproteinization,
demineralization and deacetylation processes, and the quality of the extracted chitin and chitosan
biopolymers was determined (Figure 2).

Raw M. turbinata shell
Washing, drying,
grinding and sieving

Shell powder
Particle sizes 350 ym
Chitin + CaCO;+ proteins

Demineralization
1M HCI (1:10 wiv)
(18h)

Demineralized shell Washing + Drying
Chitin + proteins ~ for24hin (50°0)

Deproteinization
1M NaOH (1:10 whv)
(70°C) (18h)

Deproteinized shell  Washing + Drying

. for 24h in (50°C
Raw Chitin r24hin (50°C)
50% NaOH (1:10 wiv)
(100°C) (4h)
Deasetiled shell ~ Washing + Drying

. for 24h in (50°C)
Chitosan
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Figure 2. Isolation process of chitin and chitosan from M. turbinata shells.

3.1. Yields

Many researchers reported that the yields of the obtained chitin and chitosan biopolymers differ
among marine species. The results obtained by Fadlaoui et al. (2019) showed a yield of 8.27% chitin
and 5.89% chitosan. Majekodunmi et al. (2017) reported that the yield of chitosan obtained from
Mytilus edulis shells was 51.8% and the yield of chitosan obtained from Laevicardium attenuatum
shells was 43.8%. Al Sagheer et al. (2009) reported that the yield of chitin from Metapenaeus affinis,
Penaeus semisulcatus, Portunus pelagicus male, P. pelagicus female, Thenus orientalis and cuttlefish
were 19.13%, 16.75%, 20.8%, 20.14%, 21.26%, and 7.4%, respectively. Ahyat et al. (2017) reported
that yields of chitin and chitosan from the shells of Portunus pelagicus were 20.24% and 13.56%,
respectively. Bolat et al. (2010) reported that chitin and chitosan from the shells of Potamon potamios
were 6.83% and 4.56%, respectively. Kabalak et al. (2020) reported that yields of chitin from
Polyphylla fullo, Lucanus. cervus, Gryllotalpa gryllotalpa and Bradyporus (Callimenus) sureyai shells
were 11.3%, 10.9%, 10.1% and 9.8% respectively. In this study, the dry weight of chitin and chitosan
from the shells of M. turbinata were 60.26+0.96% and 80+1.29%, respectively (Figure 3). The chitin
and chitosan yields are affected not only by the variation of the organisms used for production of the
chitin and chitosan, but also by the place where these organisms live in different geographical
locations.

- ]
M. turbinata Chitin "W M. turbinata Chitosan

Figure 3. Dry weight of chitin and chitosan obtained from M. turbinata shells.

3.2. Solubility

According to the results, M. turbinata chitin biopolymer had a low solubility value of
59.11+1.48%. It was determined that the chitosan biopolymer obtained from M. turbinata shells
showed an excellent solubility of 88.69+1.71%. Similarly, Alabaraoye et al. (2018) obtained the chitin
content from 6 different shellfish wastes and reported their solubility between 58.33% and 85.71%.
Demir et al. (2016) reported that the chitosan solubility obtained from crab shell in acetic acid was
99.29+40.001%. The main purpose of this method is to assure the precision of the readings from acetyl
groups and proteins, since the residues or other impurities may adversely affect the results in the
samples during the analysis processes. Chitosan biopolymer affects parameters such as the degree of
deacetylation and many physicochemical properties including solubility and crystallinity.

3.3. FTIR Analysis

FTIR analysis was achieved to determine the structure of chitin and chitosan obtained from M.
turbinata shells by identifying characteristic bands of these polymers. Figure 4 shows the FTIR
spectra for chitin and chitosan from M. turbinata shells.

The FTIR spectrum of M. turbinata chitin showed bands at 3395.41 cm™ (stretching and vibrating
of aliphatic O-H), 2953.28 cm™ (C-H vibration of -CHj), 1785.76 cm™ (stretching and vibration of C-
O and C=0), 1443.46 cm™ (bending vibration of -NH and stretching vibration of -CN), 1081.87 cm™
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(-C-O-C) and 855.28 cm™ (B-1,4 glycosidic).
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Figure 4. FTIR spectra of chitin and chitosan isolated from M. turbinata shells.

FTIR spectra of chitosan obtained from M. turbinata chitin observed bands at 3471.62 cm™ (OH
stretch overlapped with NH stretch and inter-hydrogen bonds of the polysaccharide), 2948.77 cm™ (C-
H stretch), 1627.92 cm™ (amide | band, C=0 stretch), 1483.05 cm™ (NH, bending), 1407.16 cm™ (C-H
bending), 1275.78 cm™ (amide 11l band, C-N stretch), 1094.32" (bridge C-O-C stretch), and 983.62
cm™ (C-O-C stretch). Analysis of chitin and chitosan with FTIR spectrum yielded results similar to
previous studies (Hajji et al., 2014; Kumari et al., 2015; Demir et al., 2016; Alabaraoye et al., 2018;
Kabalak et al., 2020; Varma & Vasudevan, 2020). The absorbance mode of the FTIR spectra was used
to calculate DD and DA in M. turbinata. The %DA of chitin obtained from M. turbinata shells was
calculated as 15.17%. In addition, the %DD of chitosan was calculated as 84.83%. Ogretmen at al.
(2022) reported that the %DD of chitosan obtained from pink shrimp (Parapenaeus longirostris) was
81%. Alabaraoye et al. (2018) reported that the %DA of chitin materials obtained from mussel, oyster,
shrimp and crab species were %91, 85.62, 51.61 and 69.4, respectively. It is estimated that the results
found in these two studies and the current study are due to the difference in species and experimental
process.

3.4. XRD Analysis

To identify the location of the crystal structures and to know the functional properties of the
mechanisms in M. turbinata, the chitin and chitosan powders were analyzed by XRD. The XRD
pattern of the biopolymers of M. turbinata shells, chitin and chitosan are presented in Figure 5.
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Figure 5. XRD spectra of chitin and chitosan isolated from M. turbinata shells.

The XRD analysis in this study shows that a-chitin is extracted. XRD analysis of the M. turbinata
chitin determined 17 peaks of crystal reflection in the 10-90° range, with the 8 greatest peaks (19.10°,
20.30°, 24.50°, 28.40°, 30.10°, 32.20°, 41.30° and 48.70°) determined (Figure 5). The greatest peak
reflection was found to be about 20-30° (1100° count s™) at 20. 18 peaks were defined in the XRD
examination of M. turbinata chitosan, and the nine greatest peaks (20.15°, 29.60°, 32.90°, 34.10°,
38.20°, 39.60°, 54.65° and 59.40°) were decided. The greatest peak of the chitosan was determined at
about 20 at 20.15° and 39.60° (1200° count s™ and 1080° count s™) (Figure 5).

The crystalline index (Crl) of chitin obtained from M. turbinata shells was calculated as 54.92%.
Kaya et al. (2014) reported that Crl value of chitin extracted from Fomitopsis pinicola was 52%.
Gbenebor et al. (2017) reported that Crl values of chitin from shrimp exoskeleton were between 79.4-
87.4%. Phuong et al. (2017) reported that Crl value of chitin from black tiger shrimp was 54.7%. Odili
et al. (2020) reported that Crl value of chitin from crab shell was 80%. Ugurlu & Duysak (2023)
reported Crl values of chitin obtained from D. setosum testa and spines were 68% and 67%,
respectively. The Crl value observed in this study was similar to the Crl values of chitins obtained
from other organisms.

3.5. SEM analysis

Figure 6 shows the SEM of chitin (Figure A and B) and chitosan (Figure C and D) prepared from
shells of M. turbinata. The surface structure of the obtained chitin was studied. It was observed that
the chitin biopolymers have porous and fibril structures. It also showed that chitin from M. turbinata
showed regularly arranged dense pores. Chitosan prepared from M. turbinata chitin shows a highly
porous structure. It is revealed that the chitin biopolymer has a smoother surface area than chitosan.
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Figure 6. SEM mlcrographs of chitin (A and B) and chitosan (C and D) extracted from M. turbmata at different
magnifications.

The presence of pores and fibers in M. turbinata chitin and chitosan biopolymers was similar to
chitin and chitosan in previous studies in pink shrimp, fishing waste, Nigerian shrimp, and other
crustaceans (Ugurlu & Duysak, 2023; Mohan et al., 2021; Varma et al., 2021; Kumari et al., 2015; Isa
et al., 2012; Al Sagheer et al., 2009).

4. CONCLUSION

Chitin and chitosan biopolymer were obtained from the gastropod species Monodonta turbinata,
which has dense populations on the coasts of iskenderun Bay. The chitin and chitosan yields obtained
from M. turbinata were calculated as 60.26+0.96% and 80+1.29%, respectively. The deacetylation
degree from M. turbinata was calculated as 84.83% using FTIR analysis. The solubility of chitosan
from M. turbinata shell was 59.11+1.48%. XRD analysis showed that the M. turbinata shells have a
crystalline structure. The Crl value of M. turbinata shell was found to be 54.92%. XRD FTIR and
SEM analysis results of chitin and chitosan biopolymers prepared from M. turbinata shells have
confirmed that they can be used commercially in many different areas (food, cosmetics, medicine
etc.). These results suggest that M. turbinata shell is one of the most remarkable and good sources of
chitin and chitosan.
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