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Abstract

Research on obtaining chitin from periwinkle shell is scarce due to the very low yield of chitin from this kind of shell. This 
study reports a method of processing periwinkle shells to obtain high yield, bio-medically suitable chitin. The experiment 
was designed using IM and 2M concentrations of HCl for demineralization and a 1M NaOH concentration for deproteinization. 
FTIR, SEM, XRD and DTA analytical tools were used to characterize the extracted chitin. The FTIR spectral, XRD patterns and 
SEM analysis, revealed the complete removal of calcium carbonate by the acid concentrations used. The particle-like form of 
periwinkle shell was transformed to sheet-like fiber and globular-like fiber of α-chitin by increasing the concentration of HCl 
from1M to 2M respectively. The crystal size increased from 11.2Å (1M HCl) to 13.4Å (2M HCl). The yield of chitin from periwin-
kle shell also increased from 52% to 71% using 1M and 2M HCl respectively. Thus, acid concentrations can be used to alter the 
structure of chitin with different mechanical properties. 
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1. INTRODUCTION

Chitin is the second most abundant polysaccharide after  
cellulose [1–3]. Structurally it is similar to cellulose, but dif-
fers with the acetamido (-NHCOCH3) group positioned at the 
C2 position [1]. It is estimated to be produced annually as 
much as cellulose. Chitin is a white, hard nitrogenous poly-
saccharide found in the exoskeleton and internal structure 
of invertebrate [1] such as Crustacea and in the cell walls 
of certain Fungi and Algae [4]. The shells of these animals 
consist mainly of chitin, calcium carbonate, proteins, lipids 
and pigments, which are removed via: demineralization 
(removal of calcium carbonate), deproteinization (remov-
al of protein) and depigmentization (removal of pigments 
such as carotenoids) [4]. Waste from periwinkles is a ma-
jor source of environmental pollution and therefore there 
is a need to harness this waste into functional biomaterials. 
The new functional biomaterial (chitin), has become a sub-
ject of research, due to its potential in various fields like 
waste water treatment, biomedical, food and pharmaceu-
tical industries [5–7]. Several approaches have been used 
to extract chitin from periwinkle shells [8]. However, the 
yield of chitin is relatively very low, around 0.44% [7]. This 
study presents a novel procedure for extracting high yield  

chitin from periwinkle shells with its resultant morpholog-
ical features.

2. MATERIALS AND METHODS

2.1. Chitin extraction

Periwinkle shells [Tympanotonus fusatus (L.)] obtained 
from the Oyingbo market in central Lagos area were scraped 
free of loose tissues. It was washed in distilled water, dried, 
ground to 250 µm in a ball mill and sieved to 150 µm. The 
HCl (37% purity) used was bought from chemical vendors 
at Barriga, Lagos, Nigeria. Demineralization was done at 
room temperature (30°C), by soaking the shell in IM and 2M 
HCl. The acid was added until gas evolution ceased, and for 
each of the concentrations. The demineralized sample was 
washed with distilled water to neutrality (pH 7.0), filtered 
and dried in an oven at 90°C for 6 hours. Deproteinization 
was done by soaking demineralized sample in 1M NaOH in 
a beaker and heated for 4 hours at 99.9°C. Deproteinized 
sample was then decanted and soaked in a fresh set of 1M 
NaOH solution at a room temperature for 24 hour for effec-
tive protein removal. The samples were then washed to neu-
trality, filtered and dried at 80°C before characterization. 
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2.2. Fourier transform infrared spectroscopy (FTIR)

A SHHIMADZU FTIR-8400 S spectrometer located at Rede-
emers University, Ede, Nigeria was used to carry out FTIR 
spectra of samples in transmission mode. Ten milligrams of 
fine samples were dispersed in a matrix of KBr (500 mg), 
followed by compression at 22–30 MPa to form pellets. The 
transmittance measurements were carried out in the range 
400–4000 cm−1 at a resolution of 4 cm−1. Acetylation de- 
gree (DA) was measured from the FTIR spectroscopy. 

The DA was calculated using Equation (1) [9]:

= ×DA A A [( 1650/ 3450)  100/1.33] (1)
where: 

A1650 – the absorbance of amide I vibration;
A3450 – the absorbance of OH vibration;

1.33 – a factor that represents the ratio for fully N-acety-
lated chitin.

 
2.3. XRD analysis

The X-ray diffractometry measurements were performed 
on an EMPYREAN XRD-6000 diffractometer using CuKα 
radiation (l = 1.540598 nm, Ni-filter) at 40 kV, 30 mA. The 
samples without preferred orientations were scanned in 
steps of 0.026261 in the 2θ from 4.99 to 75 using a count 
time of 29.7 s per step. 

Crystallinity index (Crl) for chitin was calculated using 
Equation (2) [10]:

= + ×Ic Ic Ia Crl(%) [( / )] 100 (2)

where Ic and Ia represents the intensities of the crystal-
line and amorphous region respectively. 

Crystalline size normal to hkl plane (Dhkl) was calculated 
from the full width at half height of the source curve using 
Equation (3) [11]:

λ
=
β θ

Dhkl
cos
K (3)

where: 

K – a constant (indicative of crystallite perfection and 
is assumed to be 1);

λ – the wave length of incident radiation (1.5406 Å);
 β – the width of the crystalline peak at half height, rad;
θ – the diffraction angle corresponding to the crys-

talline peak, deg.

2.4. Scanning electron microscopy (SEM)

The sample micrographs were produced via a scanning elec-
tron microscopy model Phenom Eindhoven, Netherlands. It 
works with an electron intensity beam of 15 kV, while the 
samples to be observed were usually mounted on a con-
ductive carbon imprint left by adhesive tape. This is usually 
prepared by placing the samples on the circular holder and 
coated for 5 min to enable it to conduct electricity.

2.5. Differential thermal analysis (DTA)

The Diffraction Thermal Analysis measurements were car-
ried using a NETZSCH DTA 404 PC DTA analyzer model at 
the Centre for Energy Research and Development, Obafemi 
Awolowo University Ile-Ife, Nigeria. A 5 mg sample of mass 
was combusted in DTA/TG crucible Al2O3, within a tempera-
ture range of 0–1000°C.

2.6. Chitin yield [%] determination

Chitin yield was calculated from the XRD intensity, using the 
Equation (4):

( ) 100Yield Iv Ich Iv= − ×  % [ / ]  (4)
where:

Iv – the intensity of chitin in virgin periwinkle shells;
Ich – the intensity of chitin in fully treated chitin.

3. RESULTS AND DISCUSSION

3.1. Functional groups of periwinkle shells and chitin 

Different absorption bands were recorded in the range of 
4000 to 500 cm−1 in the FTIR spectral of the periwinkle 
shells. The spectra revealed that different functional groups 
exist on the surface of the shell. The spectral of virgin per-
iwinkle (Fig. 1) are 1798 cm−1, 1420–1430 cm−1, 876, cm−1 
which are for calcite [7, 12]. 

Figure 2 represent the spectra of chitin. The peak located at  
3421.46 cm−1 could be assigned to OH group of the water 
molecule. While the peaks at 2923.30 cm−1 is assigned to C–H 
stretching vibration of aliphatic hydrocarbon. The peak at 
1653.19 cm−1 is attributed to the axial strain of C=O present in 
chitin, which represent amide I, absorption peak at 1531 cm−1  
correspond to the mixture of the two vibrational modes NH  

Fig. 1. FTIR spectra of virgin periwinkle shell
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in the plane and C–H stretching called amide II. A peak around 
2923.30 cm−1 was also observed and is attributed to CH stretch-
ing. The peak at 1017.88 cm−1 is assigned to C–O–C group. From 
Figure 2 it can been seen that the spectra obtained here com-
pare well with the standard spectra of chitin found in litera- 
ture [7, 13]. The most important signals for the spectrum 
of chitin peak are 1653.19 cm−1 and 1531.88 cm−1 stretch-
es of amides I and II that are characteristics of α-chitin [7].  
For the purpose of comparison, acid treated and fully treated 
periwinkle shell were reported (Fig. 2). There is a slight struc-
tural difference between the spectra of demineralized per-
iwinkle shell and that which was demineralized, followed by 
deproteinization. However, the intensity of peak for 2M is high-
er compared with 1M acid. The degree of acetylation for 1M 
and 2M HCl are 73 and 64 respectively. Thus, increased con-
centrations of acid lead to a decrease in the degree of acetyla-
tion, an observation earlier made by [7].

3.2. Morphology of the periwinkle and 
extracted chitin samples 

Figure 3 shows the morphology of the virgin periwinkle shell, 
an acid treated and a fully treated periwinkle shell. Calcite 
(CaCO3), which is the most dominant in the composition of 
periwinkle shell, was observed in the virgin periwinkle shell. 
The morphology showed particle-like substances in the vir-
gin periwinkle shell, which is an indication of the presence 
of calcium carbonate. After treatment with acid, the calcite 
disappeared as revealed by the micrograph of the treated 
and fully treated shells. The particle-like rough surfaces in 
the raw periwinkle shell were smoothened by the acid treat-
ment. The surface roughness of α-chitin has been associated 
with a low degree of acetylation [7], which implies that in-
crease in acid concentration induces partial deacetylation, as 
the smoothness of the surface increased with the rise in acid 
concentration. A similar morphology had been reported for 
α-chitin from periwinkle by [7]. The plate-like fiber turned to 
a globular structure with 2M in fully treated chitin. 

Fig. 3. SEM Image of periwinkle shell: a) virgin; b) 1M HCl acid treat-
ed; c) 1M HCl + 1M NaOH fully treated; d) 2M HCl + 1M NaOH fully 
treated 

Fig. 2. FTIR spectra of acid treated and fully treated sample
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3.3. Crystallinity behavior of periwinkle shell extract 

The XRD pattern of periwinkle shell is displayed in Figure 4.  
The virgin periwinkle shell showed crystalline diffraction 
peaks of calcite at 27.07°, 35.84°, 42.72° [14]. After acid treat-
ment these peaks disappeared, confirming the complete re-
moval of CaCO3. The XRD patterns of acid treated periwinkle 
shell (Fig. 5) showed two sharp peaks at 2θ = 2° and 26°. 
However, as HCl concentration increased from 1M to 2M, the 
intensity of the peaks reduced. This phenomenon was also 
reported by [7]. This might be due to partial deacetylation 
that occurred with the use of higher acid concentration. The 
fully treated shell, showed sharp crystalline reflections at 
20.0 and 26.7 but with growth of peaks at 2θ = 26.7°, 20.0°, 
29.0°, 3°, 39°, 42° and 47°, compared with acid only treated 
shell. The peaks at 26.7 and 20.6 is a typical reflection of par-
tially deacetylated chitin, which correspond to the prominent 
peak of α-chitin [15]. The peak at 20.1° is in the range report-
ed by [7] corresponding to the Chitosan peak. Thus, the chitin 
extracted in this work is a mixture of Chitin and Chitosan. The 
Crl(%) for fully treated 1M and 2M are 84 and 73% respec-
tively. The effect of acid concentration on crystallinity, crystal 
size and percentage yield, can be seen in Table 1. The crys-
tallinity decreases from 84% to 73% as acid concentration 
increases from 1M to 2M. This trend was also reported by [7]. 
The crystal size at 2θ = 26° reduced from 16Å to 11.2Å as 
the concentration increased from 1M of HCl acid to 2M HCl 
for demineralization. Conversely, after deproteinization, the 
crystal size increases from 11Å to 13Å for 1M HCl and 2M 
HCl respectively. It was also observed that chitin yield in-
creased from 52% to 71% as the concentration of acid (HCl) 
increased from 1M to 2M.

3.4. Thermal analysis of periwinkle 
shells and chitin extract

The DTA thermogram displayed in Figure 6 shows a peak 
at 91.99°C representing the loss of water molecules, which 
varied between −4.3 to −7.49 mg weight loss. The peak is 
more pronounced with 2M of HCl for fully treated and acid 
treated in comparison with 1M HCl for acid treated and ful-
ly treated. Earlier researchers reported the loss of water 
molecules from chitin while using TGA, to evaluate the de-
composition of chitin [7]. The peak between 355.93°C and 
597.89°C, with a weight loss from −17 to −21 mg, shows 
the degradation of the saccharide structure of the molecule 
and the decomposition of the acetylated units of chitin [7]. 
The peak position for the two concentrations was the same 
for fully treated samples, but a shift in the peak occurred 
(432.9°C) for the acid treated ones.

4. CONCLUSION

Chitin has been successfully extracted from periwinkle 
shells. The study showed that calcium carbonate (CaCO3) 
can be completely eliminated from periwinkle shells using 
1M and 2M of HCl for demineralization. The XRD revealed 
the important peaks of chitin at 2θ = 26.7° and 20.6°, which 
confirms chitin extraction using 1M/2M of HCl and 1M of 
NaOH. The crystallinity index was observed to be inverse-
ly related to the concentration of acid. The crystal size of 
chitin increased from 11Å to 13Å, with the increase in the 
concentration of HCl from 1M to 2M. A higher yield of chi-
tin (71%) was observed from 2M of HCl compare to 52% 
obtained using 1M. The chitin was noted to decompose be-
tween 355.93°C and 597.89°C. This study established that 
the morphology of the sample was affected by the concen-
tration of acid used.

Fig. 5. XRD spectra of acid treated and fully treated periwinkle 
shell extract

Fig. 4. XRD spectra of virgin periwinkle shell
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Table 1  
Extracted chitin crystallinity index, crystal size and yield

HCl molar 
concentration

Crystallinity  
index 
[%]

Crystal  
size  
[Å]

Chitin  
yield  
[%]

1M HCl 84 11.2 52

2M HCl 73 13.4 71

Fig. 6. DTA plot of acid treated and fully treated periwinkle shell
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