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Chitin and its valuable derivative chitosan offer a set of unique 

properties: biocompatibility, biodegradability for harmless products, 

non-toxicity, physiological inertness, etc. The main resources exploited 

are two marine crustaceans; shrimp and crab. In the present study, our 

aim is to produce chitin and chitosan and compare their properties with 

commercial properties. Due to the possibility of industrial and mass 

production, pre-purification methods were used to produce standard 

chitin and chitosan. In this regard, after the treatment of the shrimp, their 

shells were further cleaned and facilitated for the processes of 

demineralization, deproteinization, and deacetylation. Deproteinization 

was done with 1 M of sodium hydroxide and demineralized with 1%, 2%, 

3%, 4% and 5% of hydrochloric acid, respectively. The novelty of this 

work is comparing different concentrations of HCl to choose the best 

concentration for the production of chitin and chitosan. This method 

showed the high purity of chitin and chitosan with less than 1% protein 

residue along with high molecular weight and high crystallinity. The 

produced chitin and chitosan were characterized by FTIR and XRD 

analyses. It was found that the surface morphology of chitin increases 

with increasing acid concentration. According to our study, the best 

degree of deacetylation (%DD) was 88.76 %. This modified approach 

has the potential for large-scale production due to ease of operation and 

reduced environmental issues. 
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1. INRODUCTION  

   Chitin is the second most ubiquitous 

natural polysaccharide after cellulose, which 

is made of a linear chain consisting of polyꞵ 

(1-4) N-acetyl-ᴅ-glucosamine [1]. It is 

usually found on the shells of the 

crustaceans such as shrimp, crabs and 

lobsters [2]. Chitosan, a deacetylated product 

of chitin, has received increasing interest for 

significant applications in food technology, 

agriculture, wastewater treatment, cosmetics, 

and the textile industry due to its non-toxic, 

biodegradable, biocompatible and anti-

microbial properties [3]. In general, the 

quality of chitin and chitosan prepared from 

shrimp shell is controlled by three main 

factors, the quality of the raw materials, the 

effectiveness of the applied procedures and 

the quality of water. The best chitin/chitosan 

is produced from fresh shrimp shells. Chitin 

can be extracted in several steps [4]. 

Deproteinization and demineralization 

processes are very important. Studies show 

that deproteinization should be applied 

before demineralization to prevent excessive 

foam production during the process, and 

increase chitin purity. Deproteinization was 

performed using dilute sodium hydroxide 

(NaOH) between concentrations of 1 and 

10% [5]. Demineralization is performed by 

treating the shrimp shell powder with 

hydrochloric acid (HCl) at room temperature 

to dissolve calcium carbonate and 

subsequently, release carbon dioxide as 

shown in Eq. (1) [6]. The concentration of 

HCl used for demineralization is between 1-

5%. 

 

𝐶𝑎𝐶𝑂3(𝑠) + 2𝐻𝐶𝑙(𝑎𝑞)𝐶𝑎𝐶𝑙2(𝑎𝑞) + 𝐶𝑂2(𝑔) + 𝐻2𝑂 

                                                                  (1) 

   The deacetylated structure of chitin, 

chitosan, is obtained by treating chitin with a 

high concentration of NaOH. Basically, 

chitosan is obtained by removing the acetyl 

groups (CH3-CO) from the linear group of 

acetylglucosamine in the structure of chitin 

[7]. Subsequently, the acetamide group (-

NHCOCH3) in chitin is converted to an 

amino group (-NH2) as shown in Fig. 1. 

Removing the acetyl group makes chitosan 

soluble in most dilute acid solutions such as 

acetic acid, formic acid and lactic acid [8]. 

In this study, an easy process for the 

pretreatment of chitin and chitosan was 

proposed by simply washing and soaking the 

shrimp shell in diluted solutions of 7% HCl 

for 24 hours. The pretreatment procedure 

removes a disproportionately large amount 

of waste, both mineral waste and adherent 

protein. 

 

 
Figure 1. Deacetylation reaction of chitin to 

chitosan. 

 

   Deacetylation from amorphous to 

crystalline regions of chitin is done by 

removing the acetyl (C2H3O) group and 

forming an amino group (NH2). 

Deacetylation leads to copolymerization of 

N-acetylglucosamines and glucosamines. 

When the copolymer contains more than 

50%N-acetylglucosamine units, it is 

generally called chitin. For chitin polymers, 

the percentage of N-acetyl-glucosamine 

units is called the degree of acetylation (DA) 
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and can vary from 50% to 100%. On the 

other hand, when the resulting copolymer 

contains more than 50% glucosamine units, 

it is usually called chitosan. For chitosan 

polymers, the percentage of glucosamine 

units is termed the degree of deacetylation 

(DDA) and can range from 50% to 100%. 

DA and DDA are related so that 

DA+DDA=100%. The production of highly 

reactive amino groups in the chitosan 

polymer provides versatility in its use for 

food, textile, cosmetic, environmental, 

biomedical, and pharmaceutical applications 

[9]. 

 

2. EXPERIMENTAL 

2.1. Materials and Methods 

   Shrimp shells were purchased from a local 

fish market. All chemical reagents used were 

of pure quality. Pellets of sodium hydroxide 

and hydrochloric acid (37%) were obtained 

from Sigma Aldrich. 

 

2.2. Extraction of Chitin and Chitosan 

   The shrimp shell was washed and dried in 

an oven at 50°C for two days before being 

ground into powder. Then, the powdered 

shrimp shell powder was stored in a sealed 

container before use. To preserve the 

properties of the shell, the shell powder has 

been stored in the freezer. Additionally, the 

deproteinization process, which removes 

protein and glucan, ensures that all the 

required properties are not lost [10]. 

 

2.3. Deproteinization and Deminerali-

zation 

   The shrimp shell powder weighed 50 g 

before alkaline treatment with 1 M sodium 

hydroxide with a solid - solvent ratio of 1:3 

(w/v) for 20 h at ambient temperature (33 ± 

2 °C). In the next step, the residue was 

washed and soaked in distilled water to 

neutralize it. After the pH of the powder 

reached neutral (pH= 7), the powder was 

filtered and dried in an oven at 60 °C before 

demineralization [10, 11]. Fresh samples of 

powdered shrimps were directly soaked in 

different concentrations of HCl solution of 

1%, 2%, 3%, 4% , and 5% in a substrate to 

solution ratio of 1:2 w/v at room temperature 

for 24 hours. Then, the residue was filtered, 

washed and soaked in distilled water until it 

reached neutral pH before being dried in an 

oven. The residue produced at this stage was 

known as chitin [12]. 

 

2.4. Preparation of Chitosan 

   To prepare chitosan, we used chitin, which 

was produced in the last step. Since 

increasing the concentration of HCl to 3% 

disperses chitin powder particles well, we 

used this sample to make chitosan. We 

soaked two grams of chitosan in 25 ml of 2 

M sodium hydroxide solution to remove the 

acetyl group and subsequently produce 

chitosan. To mix chitin and sodium 

hydroxide as much as possible, we put it on 

styrene for 15 minutes. In the next step, we 

centrifuged the solution for 10 minutes at 

room temperature (37 °C) at 7000 rpm to 

separate the alkaline phase. Next, we add 25 

ml of 0.5 M sulfuric acid to the sample and 

then put the solution in the incubator for 16 

hours. We centrifuged the solution 3 times 

for 10 minutes at 7000 rpm at room 

temperature. Then 2 M NaOH was added to 

the solution at a ratio of 30:1. In this step, 

we put the solution on stirrer for 2 hours at 

90°C. Acetic acid (10% wt.) was added to 

the solution. We put this solution in an 

incubator at 60 degrees Celsius for 6 hours. 
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Next, to separate raw and pure chitin, we put 

the samples in a centrifuge at 6000 rpm for 

15 minutes. Then, we raised the pH of the 

upper phase of the solution to 12 (pH= 12) 

using 4 M NaOH and measured it with a pH 

meter. Then we washed the sediments with 

distilled water, ethanol, and acetone. Finally, 

put the solution in a petri dish and put it in 

an oven at 150 °C for 24 hours to dry. 

 

2.5. Characterization 

2.5.1. Fourier Transform Infrared 

Spectroscopy (FTIR)  

   The chemical structure of produced chitin 

and chitosan was determined using the 

Nicolet iS50 FTIR model. FTIR spectra 

were recorded in the mid infrared (4000 cm-1 

to 400 cm-1) with a resolution of 2 cm-1. The 

degree of deacetylation calculated based on 

𝐷𝐷 = (𝐴1650/𝐴3450)𝐴̃. 1.33 × 100         (2) 

where the absorption band of A1658 and 

A3450 at 1658 and 3450 cm-1, respectively 

[11]. 

 

2.5.2. X-Ray Powder Diffraction (XRD) 

   XRD analysis was used to evaluate the 

crystallinity of prepared chitosan. XRD 

measurements were performed on the 

powder samples using a D8 Advance Bruker 

apparatus with Cu radiation (40kV, 40mA, 

and 1,5418Å). Data were collected at a scan 

rate of 10°/min with a scan angle from 5 to 

80 in a continuous pattern. The crystallinity 

index (CI) of the samples was calculated 

from the following Eq. (3):  

                                                (3) 

where Ic is the diffraction intensity of the 

crystalline part and Ia is the amorphous part. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Fourier-Transform Infrared 

Spectroscopy (FT-IR) Analysis 

   The FTIR spectra of chitin treated at 

different concentrations of HCl are shown in 

Fig. 2. Similar absorption bands were 

detected for all samples. The peaks at 1652 

and 1620 cm-1 [13], correspond to the 

stretching band of the amide-I region, which 

indicates chitin extracted from the α-chitin 

isomorph of shrimp shell. Besides, the peak 

at 1550 cm-1 is assigned to the stretching 

vibration band of the amide II region. 

Meanwhile, both O-H and N-H stretching 

vibration were found at 3427 and 3257 cm-1 

bands, respectively [14]. 

   A peak at 1377 cm-1 was observed and 

identified as C-H bond [15].  

 
Figure 2. FT-IR spectra of chitin treated 

with different concentrations of HCl.  

 

   FTIR measurements for chitosan were 

shown in Fig. 3. A broad peak at 3368 cm-1  

was observed, which is identified as the        

(-NH) group of amines and hydrogen 

bonding [16]. A peak at 2940 corresponds to 

the symmetric stretching vibrations of -CH2 

attributed to the pyranose ring [15, 16]. The 

presence of a narrow peak at 1578 cm-1 

indicates the –NH2 bending vibration of the 
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amino group in chitosan. In addition, the free 

amino functional group (-NH2) in 

glucosamine was detected at 1047 cm-1 [14]. 

According to these results, the sample with 

three percent of HCl showed the best peaks 

related to chitin and chitosan compared to 

others. 

Figure 3. FT-IR spectra of chitosan 

extracted from shrimp shell. 

 

3.2. X-Ray Powder Diffraction (XRD) 

   By comparing chitin and chitosan XRD 

patterns, a broad dispersion and lower 

intensity peaks were exhibited in chitosan. 

The obtained XRD patterns are shown in 

Figure 4. The synthesized chitin showed two 

high peaks at 10.30° and 20.08°, and a series 

of several smaller peaks at 26.35°, 29.61°, 

and 35.88°, which is considered crystalline 

chitin [11, 15]. For the prepared chitosan, 

two sharp peaks can be observed at 09.93° 

and 19.13°, which are considered the 

fingerprint of semicrystalline chitosan, in the 

same diffraction, three weak peaks are also 

observed at 23.33°, 26.38° and 39.28° [16]. 

In the same figure, it can be seen that 

commercial chitosan shows eight peaks, the 

peak found at 20.08° also corresponds to 

Crystal II in the most abundant chitosan 

structure; 45.87°, 56.85°, 75.62° and 84.29° 

were reported  for commercial chitosan at 

similar angles of 20°, 45°, 65° and 75° , 

respectively [17]. 

 

 
Figure 4. (A) Fabricated chitin and (B) Fabricated chitosan, and (C) Commercial chitosan 

 

 

3.3. Field Emission Scanning Electron 

Microscopy (FESEM) Analysis 

   The morphology of untreated shrimp shell, 

chitin derived from shrimp shell and 

chitosan thin film derived from shrimp shell 
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was investigated using Field Emission 

Scanning Electron Microscope (FESEM). 

The shell of virgin shrimp has a rough 

surface with bumpy structure (Fig.5a).  

Figure 5. FESEM images of (a) shrimp shells; (b) chitin treated with 1%; (c) 2%; (d) 3%; (e) 

4%; and (f) 5% HCl. (X500 magnification). 

 

   As the shrimp shell was treated with 1% 

HCl, a relatively smooth surface with 

significant spherical particles was observed. 

Increasing the concentration of HCl to 3% 

disperses chitin powder particles well (Fig. 

5c). A significant change in chitin surface 

structure was shown as the HCl 

concentration further increased to 4%. A 

sphere-like structure is changed to lamellar 

structure when the concentration of HCl 

increases to 4% (Fig. 5e). The morphology 

of lamellar chitin appears smoother and finer 

when treated with 5% HCl. According to El 

Knidri et al. [18],  increasing the acid 

concentration produces a smoother and 

denser morphology with a decrease in 

lamellar size. 

 

3. CONCLUSION  

   Extraction of chitin and chitosan from 

shrimp shell through chemical routes has 

been successfully carried out. To summarize, 

chitin extracted from virgin shrimp shell was 

identified as proven chitin from FTIR and 

XRD analysis. According to the XRD 

analysis, the synthesized chitin has two high 

peaks at 10.30° and 20.08°, which 

correspond to crystalline chitin. FTIR 

analysis shows several peaks related to O-H, 

N-H and C-H bands; besides, the peak at 

1578 cm-1 indicates the –NH2 bending 

vibration of the amino group in chitosan. 
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