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A B S T R A C T  

In this study, Scanning electron microscope (SEM), Fourier transform infrared spectroscopy (FTIR), 

and X-ray diffraction (XRD) analyses are used for the microstructure characterisation of Eobania 

vermiculata samples collected from Iskenderun region. The shells of land snails are discarded as 

waste; however, they are qualified materials with multiple use areas. To substantiate this proposition, 

an attempt was made to elucidate the physical and chemical properties of the shells of chocolate band 

snail, E. vermiculata. SEM observations indicated that nacre crystals are always laminated aragonite, 

usually presenting sharp edges. Nacre crystallites which pile up into columns vertically abreast 

aligned observed. The crystals are about 390-155 nm thick, and they form stacks along a fixed 

spacing, filled with biological matter. The XRD and FTIR observations revealed the dominance of 

the aragonite form of the calcium carbonate crystal in the microstructures of each snail shell with the 

occurrence of different shell surface functional groups. Thus, further exploration of the shell inclusive 

of the organic components is required to promote its possible use as a biocomposite. Nonetheless, 

the present study provides an overview of physical and chemical characteristics of the land snail 

shells and inlight their potential use in different areas in the perspective of sustainability. 
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Introduction 

Eobania vermiculata (Müller, 1774) or chocolate band snail 

is native to the Mediterranean region but today has a worldwide 

distribution via anthropogenic activities (Godan, 1979). E. 

vermiculata is registered in Italy, Bulgaria (Dedov, 1998), 

Greece (Welter-Schultes & Williams, 1999), Turkey (Örstan et 

al., 2005) and Croatia (Rađa et al., 2012). It has become 

widespread to evaluate mollusk shells in different areas in the 

living world. In particular, the shell structures of Gastropoda 

species seem worth investigating (de Paula & Silveira, 2009). 
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Mollusk shells are mineralized tissues each with a unique 

mineral composition. In all three main mollusk classes 

(Cephalopoda, Gastropoda and Bivalvia) the shell consists of 

stratified layers (Santana & Aldana Aranda, 2021). Mollusk 

shells are composed of calcium carbonate and a small amount 

of organic matrices (Lowenstam & Weiner, 1989). Calcium 

carbonate has amorphs form and consist of calcite, aragonite 

and vaterite (Suzuki & Nagasawa, 2013). Vaterite is a mineral 

that is a polymorph of calcium carbonate, and it is the most 

unstable one; whereas, calcite is the most stable and aragonite 

is metastable. Accordingly, most mollusk shells consist of 

aragonite and/or calcite; yet, vaterite is rarely found (Spann et 
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al., 2010). The periostracum is formed as a first layer in the shell 

formation, and the calcified layer subsequently forms on the 

periostracum which is not mineralized (Checa, 2000). The first 

calcification in the mollusk shell begins in the shell gland cells 

(Nielsen, 2004). The mantle, which supplies the periostracum 

and calcified layers with inorganic ions and organic matrices 

through the extrapallial fluid creates mollusk shell (Waller, 

1980). The periostracum consists of three layers: inner, middle 

and outer. Among them inner layer is secreted by the mantle 

epithelium (de Paula & Silveira, 2009). Nacre which is widely 

distributed in mollusks is the most studied aragonitic and has 

stratified microstructure. Stratified microstructure which make 

to nacre luster occurring it one of the most studied hard tissues 

and has been of great interest to the pearl industry (Wang et al., 

2013). In the gastropods, the aragonite nanocrystals of the nacre 

which exhibits specific growth pattern and mechanism are 

stacked in the form of towers (Romana et al., 2013). Nacre is a 

biomineral consisting (by weight) of 95% aragonite (CaCO3) 

with the remaining 1-5% being organic matrix (Zhang & Li, 

2012). Its microstructure is one of layered “brick” (aragonite 

tablets) and “mortar” (protein-polysaccharide matrix) 

(Machado et al., 1991; Santana & Aldana Aranda, 2021). 

The microstructure features of the mollusk shell thanks to 

scanning electron microscopy is in use to the determine the 

phylogenetic evolution of the mollusk (Machado et al., 1991; 

Hedegaard, 1997; Lopes-Lima et al., 2010). Infrared 

spectroscopy which investigated composition of both inorganic 

and organic materials provides the identification of 

characteristic functional groups in molecules that correspond to 

specific molecular vibrations in the molluscan shells (Dauphin, 

1999; Wang et al., 2013; Dauphin et al., 2018). The X-ray 

diffraction method (de Paula & Silveira, 2009) provided us the 

information about the complex microstructure of different types 

of deposited calcium carbonate crystals (Lowenstam & Weiner, 

1989). 

The objective of the present study was to analyze the micro 

and nanostructure of E. vermiculata (Müller, 1774) which is 

commonly found in Turkey. Analysis was conducted by 

scanning electron microscopy, its chemical composition was 

identified by X-ray diffraction Fourier Transform Infrared 

Spectrometry. The aim of this research will be provides 

theoretical data for the use of E. vermiculata in the biomaterials 

area and represented useful criteria for studies of the phylogeny 

of mollusca. 

Materials and Methods 

In this study, chocolate band snail Eobania vermiculata, a 

pulmonate stylommatophoran gastropod of the Helicidae was 

investigated. The snails were collected at the beginning of 

March 2018 in the Iskenderun region. Collected individuals 

were brought to the laboratory and the soft tissue was carefully 

separated from the shell. Shells were washed with tap water 

followed by distilled water to remove the mud, sand and other 

impurities. The shells were kept under the sun for 3 days to dry 

(Singh & Purohit, 2011). 

Fourier Transform Infrared Spectroscopy (F-TIR) 

Analysis 

The samples of raw materials from the chocolate band snail 

shell powders (E. vermiculata) were analyzed at 4000-650 cm-

1 using a model Jasco/FT/IR-6700 equipped with ATR 

(Attenuated Total Reflection) Spectrometer.  

X-Ray Diffraction Analysis (XRD) 

X-ray diffraction analysis (XRD) was conducted to detect 

the crystallinity of the raw materials from shell powder. The 

XRD measurements on powder samples were done at 5°-40° 

with XRD (Malvern Panalytical EMPYREAN 3rd generation, 

United Kingdom) equipped with Ni-filtered Cu Kα radiation (λ 

= 1.5406 Å). It was operated with 1°/min deviating and 

receiving slit at 40 kV and 30 mA and continuous scan was 

carried out with step size of 0.015° and step time of 0.2 s.  

Scanning Electron Microscopy (SEM) Analysis 

The samples were mounted on stubs with conductive 

double-sided carbon tape and coated with gold/palladium in a 

sputter coater (Polaron SC7620, UK) for 90 s at 9 mA. The 

samples were examined and photographed using a JEOL JSM 

5500 scanning electron microscope (SEM) at an accelerating 

voltage of 5 kV.  

Results and Discussion 

Fourier Transform Infrared Spectroscopy (F-TIR) 

Infrared characterization was carried out for the sample to 

study the spectral characteristics indicative of the chemical 

bonding in the snail shell powder. The infrared spectra of 

Eobania vermiculata shells powder is shown in Figure 1.  

The peak around 2969 cm-1 appeared due to the CH2 

stretching bonds of aliphatic chains. The F-TIR spectrum 

revealed lower intensity organic bands; the band at 1786.52 cm-

1 was attributed to the carboxylate (carbonyl) groups of the 

acidic proteins in the organic matrix. Four bands characteristic 

of aragonite, corresponding to the CO3
-2 ions, were identified: 

ν1 at 1082.83 cm-1; ν2 at 855.19 cm-1; ν3 at 1448.49 cm-1; and 

ν4 at 699.91-712.63 cm-1 (Figure 1). The ν1 band to the 

symmetric stretch mode and the ν4 band corresponds to the 

planar flexion mode of carbonate vibration. 

Also, the characteristic carbonate ν4 bands of aragonite 

were at 712.63 and 699.91 cm-1 and the characteristic carbonate 

ν2 band of aragonite at 855.19 cm-1 revealed the availability of 

aragonite form of calcium carbonate in the shell powders from 

snails (Anjaneyulu et al., 2015; Hossain et al., 2015). This was 

also supported by the study of Weir and Lippincott (1961), 
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Focher et al. (1992), Marxen et al. (2003), Cárdenas et al. 

(2004), Agbaje et al. (2017), and Parveen et al. (2020).

 

Figure 1. F-TIR spectra of Eobania vermiculata shells powder. 

 

X-Ray Diffraction Analysis (XRD) 

In order to understand the phase components of chocolate 

band snail, XRD patterns were conducted. The XRD patterns 

of shells of the chocolate band snail revealed similarities in 

crystalline peaks, confirming the existence of the aragonite 

form of calcium carbonate (Figure 2). The X-ray diffraction 

data were acquired in steps of 0.015° at scattering angels (2θ) 

ranging from 5° to 80°. The XRD phase analysis of aragonite, 

shown in Figure 2, carry high intensity peaks at 2θ = 26.43°, 

27.09°, 31.12°, 33.81°, 36.23°, 38.17°, 46.32°, 52.29°, 53.07°, 

66.31° with monochromatic Cu-Kα radiation (λ = 1.5406 Å). 

The XRD pattern (Figure 2) reflected the intense peaks at 

(26.43°) and (31.12°) planes, providing evidence of the 

existence of orthorhombic aragonite phase. The XRD 

parameters of biological aragonite due to the intracrystalline 

biopolymers, has been confirmed as a widespread phenomenon 

in chocolate band snail shell (Ren et al., 2009; Li & Zeng, 2012; 

Parveen et al., 2020).

 

Figure 2. XRD patterns of Eobania vermiculata shells powder. 

 
This crystal conformance of aragonite in nacre is frequently 

build in biological mineralization. This is due to the presence 

of fibrils and the polypeptide chains that control crystal 

improvement (Feng et al., 2000). 
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Scanning Electron Microscope (SEM)  

The arrangement of the crystal layers in mollusk shells has 

two types. The sheet nacre model of Bivalvia and Cephalopoda 

mimick so called “brick-and-mortar wall”; on the other hand, 

Gastropoda mimick “columnar stacking” model (Watabe, 

1988). Nacre crystallites pile up into columns vertically abreast 

aligned in Gastropoda. Accordingly, the vertical piling-up of 

crystals in these shells promotes the formation of columns or 

pyramids. These shell calcification sequences will represent 

useful criteria for studies of the phylogeny of Mollusca. In this 

study, the crystallized structure of E. vermiculata is in the form 

of vertical columns as stated in the literature. Nacre crystals are 

always aragonitic, laminated, usually presenting sharp edges 

(Figure 3).  

According to the SEM results, the crystal columns are 

between about 390-155 nm and their edges are sharp looking. 

Nacre is one of the leading mechanical properties of shell 

components of mollusks (Currey, 1988). Addadi et al. (2006) 

reported that the crystals form a stacks along about 500 nm 

thick, and they form stacks along a fixed spacing of some 30 

nm, filled with biological matter. Placing the crystals at regular 

intervals with the organic matrix creates a strong material with 

high tensile and bending strength.

 

Figure 3. SEM images of crossed lamellar layers occurring in shell of Eobania vermiculata. A, B, C, D, E and F the point determined 

on the E. vermiculata shell fragment at 100, 20, 10, 2, 1 micron, respectively. G: Thin prisms from lamellar of E. vermiculata at 1 µm 

(Mag: 20.00 KX). H: Elongate, lath like, thin prisms from acrossed-lamellar layers of E. vermiculata at 1 µm (Mag: 40.00 KX): Cross-

layered layers are 370 nm, 160 nm, 360 nm, 355 nm, 155 nm thick, respectively. 

 

Conclusion 

The results of SEM showed that land snail has species-

specific arrangement patterns of calcium carbonate crystals in 

the diverse layers of shells. Characteristic of Gastropoda shell 

is the “columnar stacking” model. Accordingly, the vertical 

piling-up of crystals inside shells promotes the formation of 

columns. The XRD and FTIR observations revealed the 

dominance of the aragonite form of the calcium carbonate 

crystal in the microstructures of each snail shell with the 

occurrence of different shell surface functional groups.  

Species-specific variations in the shell morphology, 

microstructure, and shell content were prominent for the land 

snails considered for the study. Nonetheless, the shells of E. 

vermiculata are qualified biological materials that could be 

used in many fields like bioremediation, biocatalyst, 

biomedical applications, and a source of lime. Since the shells 

of the land snails are discarded as waste, subsequent use as a 

biological material will support the “waste made useful” 

paradigm in sustainability, both from ecologic and economic 

perspectives. 
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