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Abstract. Chitosan is a partially deacetylated polymer of N-acetyl glucosamine which 

have been used in various industries because it functional properties. This research was 

done to observe the production process to produce chitosan from giant fresh water 

prawn shell (Machrobrachium rosenbergii) with Degree of Deacetylation (DD). 

Chitosan was made through four steps which were demineralization, deproteinization, 

decoloration and deacetylation. Mineral content and DD of chitosan were evaluated. 

 Demineralizaion was done using 2N HCl at room temperature with 7 treatments on 

demineralization phases which were 1 to 7 phase with 30 min for each phase. The 

demineralization step resulted on decreasing of calcium content from 34.55±5.8% to 

0.071±0.07% by 7 phases on demineralization. The chitin then further processed to 

deacetylation step by using 1:20 (w/v) 50% NaOH at 100
o
C with 10 treatments on 

deacetilation phases which were 1 to 10 phases with 60 min for each phases. DD of 

chitosan was obtained by using Fourier-transform infrared spectroscopy (FTIR). 

Results showed that the highest DD of chitosan were achieved by 8 phases with value 

of 92.75%. This high DD chitosan could prove particularly suitable for wide range of 

application especially for indurstrial and medical/analytical applications. 
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1 Introduction 

Chitin and chitosan are attracting a great deal of attention because of their distinctive 

biological and physicochemical characteristics. Chitin and chitosan have been used in various 

industries ranging from waste management to food processing, medicine and biotechnology 

[1]. To date, a lot of research has been done to produce chitin and chitosan from various 

source like shrimp Solenocera melontho [1], shrimp Metapenaeus monoceros [2], shrimp 

Metapenaeus stebbingi [3], shrimp Artemia urmiana [4], crab [5], Portunus sanginolentus L. 

[6], and other sources like fungi, insects, annelids, molluscs, coelenterata etc. However 

chitosan is only manufactured from crustaceans (crab and crayfish) primarily because a large 

amount of the crustacean exoskeleton is available as by product of food processing and 

restaurant. 

 

Giant fresh water prawn (Macrobrachium rosenbergii), a fresh water crustacean is one of 

potential chitosan source. Giant fresh water prawn show increase in production and reach 

total production of 95.5 tons in 2012 only in Yogyakarta Special Province [7]. This data 

shows a great potential to be used as a source of chitin and chitosan. 

  



Chitosan production involves four steps namely demineralization (DM), deproteinization 

(DP), decoloration (DC) and deacetylation (DA). Deacetylation is the crucial steps since the 

degree of deacetylation (DD) is an important property for chitosan as it affects the 

physicochemical properties, hence determines its appropriate applications, biodegradability 

and immunological activity [8]. Some research reported that DD value of chitosan influence 

the functional properties like antimicrobial activity [9], chemical adsorbtion capacity [10], 

chitosan matrix properties [11] and antioxidant activity [12]. Because of the importance to 

produce chitosan with high DD value, the optimization on deacetylation step need to be 

observe.  

 

This research was done to observe the effect of phases on deacetylation process on DD of 

chitosan produced. This research also observes the demineralization process in order to 

produce low mineral chitin. 

     

2 Material and Methods 

Giant fresh water prawn shells were obtained fresh from local restaurant. Chemical reagents 

used were NaOH (technical grades), HCl 2 N (technical grades) and 0.315 % (v/v) sodium 

hypochlorite solution.  

2.1 Preparation of raw material 

The shrimp shells were collected from local restaurant using big plastic bags with addition of 

ice to preserve the shrimp shell from decomposition. During transportation to the laboratory, 

the shrimp waste was kept cool and in the dark to avoid effects of direct sunlight. The shells 

then washed, boiled for an hour, dried in cabinet drier 60
o
C overnight and crushed to smaller 

the size. 

2.2 Preparation of chitosan 

2.2.1 Demineralization 

Chitin extraction from giant fresh water prawn shells was carried out by acid treatment using 

2 N HCl in room temperature under constant stirring as described by Benhabiles et al. [13]. 

Some preliminary study was done to evaluate the effect of solute: solvent ratio, reaction time 

and effect of demineralization phases on ash reduction. Solute:solvent ratio were 1:10, 1:20, 

1:30, 1:40 and 1:50 and demineralization phases were 1 to 7 phases with 30 min for each 

phases. HCl solution was changed at each phases. After the process, samples were neutralized 

to pH 7 then dried in 50
o
C for 6 hours.  

2.2.2 Deproteinization 

Deproteinization was done using samples from previous steps using NaOH 3.5%, 75
o
C under 

constant stirring for 2 hours. After that, samples were neutralized to pH 7 and process further 

to decoloration. 

2.2.3 Decoloration 

Decoloration process was done using 0.315 % (v/v) sodium hypochlorite solution (containing 

5.25% available chlorine) 1:15 (w/v) for 15 minutes in room temperature under constant 

stirring. The samples then dried in 50
o
C for 6 hours. 



2.2.4 Deacetylation 

Deacetylation was done using NaOH 50%, 1:20 (w/v) at 100
o
C. In order to evaluate the 

effect deacetylation phases on DD of chitosan, the phases were varied from 1 to10 phases 

with 1 hour for each phase. NaOH solution was changed at each phases. 

 

2.3 Determination of degree of deacetylation (DD) of chitosan 

Degree of deacetylation was measured by Fourier Transform Infra Red (FT-IR). Chitosan and 

KBr at a ratio of 1: 100 was mixed well, dried, and then made into a disc. The IR spectrum 

was measured by FT-IR spectrophotometer (Shimadzu, Japan) with a frequency range of 

400-4000 cm
-1

. The methods used for determination the DD of chitosan depended on the 

base-line of the IR spectrum which is given by Rout [14]. Equation 1 is applied to determine 

the DD value. 

 

DD % = 118.883 – [40.1647 x (A1655/ A3450)]       (1) 

 

where A1655 is the absorbance of the amide band at 1655 cm
-1

 and A3450 is the absorbance 

of the O-H band at 3450 cm
-1

. The factor 40.1647 denotes the value of the ratio of 

A1655/A3450 for fully N-acetylated chitosan. The number 118.883 was proposed to be 

related to the baseline [14]. 

 

2.4 Statistical analysis 

All experiments, except for DD value was carried out in triplicate and results were expressed 

as mean ± s.d. Data obtained were analyzed using ANOVA. Treatments with significant 

different were further analized by Least Significant Different test. 

 

3 Results and Discussion 

Chitosan was produced from giant fresh water shrimp (Marcrobrachium rosenbergii) from 

local restaurant waste. Shells obtained were boiled first in order to reduce dirt and proteins 

contain materials that may still stick to the shells. The proximate analysis on the shells is 

shown in Table 1.  

Table 1 Proximate analysis of giant fresh water prawn shells. 

No Parameter 
Content (% dry 

bases) 

1 Moisture 8.07±0.01% 

2 Ash 34.55±5.8% 

3 Protein 31.58±0.04% 

4 Fat 4.77±0.08% 

5 Carbohydrates 21.02±0.12%* 

*carbohydrate was calculated by different (100-moisture-ash-protein-fat) 

3.1 Demineralization process 

Demineraliation process was done to eliminate mineral content which are the main 

composition of shrim shell. The demineralization was done prior deacetylation process. This 

is according to the research conducted by Kim [15] and Tajik et al. [4] which resulted that 



eliminate the mineral first able to produce chitosan with higher DD. Kim [15] also reported 

that mineral that still remain in the shell able to disrupt the deacetylation process, so that it is 

important to optimize the demineralization process in order to produce less mineral chitin.  

3.1.1 Effect of solute:solvent ratio on ash reduction 

Solute:solvent ratio was known as a factor affecting the ash reduction on demineralization 

process. Solute:solvent ratio was varied on several research from 1:5 [16], 1:50 [17]. For 

reasons of efficiency, this research varied solute:solvent ratio from 1:10 to 1:50 (w/v). Result 

showed that solute:solvent 1:20 give the optimum ash reduction with 90.43% ± 0.07 and not 

significanty difference with 1:30, 1:40 and 1:50. This ratio is then used for further process.  

3.1.2 Effect of demineralization phases on ash reduction 

Shrimp shell were demineralised with various phases from 1 to 7 phases whith 30 min for 

each phases. HCl solution were changed at every phases. The results can be seen on     

Figure 1. 

 

Figure 1 Effect of demineralization phases on ash reduction. 

The results showed that the ash reduction percentage increased with the addition of 

phases on the process. The optimum ash reduction reached by 6 phases (180 min) with 

99.75 ± 0.006 % reduction. The residual ash content was 0.071% (%db). This results is 

better when compared to the research conducted by Lertsutthiwong et al. [18] which 

residual ash content was 1.56 ± 0.09 % after 12 h demineralization process.  

3.2 Deacetylation process 

Deacetylation process was conducted to transform chitin into chitosan by eliminate the acetyl 

groups. Various conditions on deacetylation process can affect the degree of deacetylation 

(DD) of chitosan [19]. One of the condition is extraction time. This research was done by 

varying the phase of deacetylation process from 1-10 phases with 60 min for each phase. The 

NaOH solution was changed at every phases. The results on chitosan DD obtained showed in 

Table 2. 

 

 



 

Table 2 DD value of chitosan. 

No 
Treatmen

ts 

DD value 

(%) 

1 1 times 87.94 

2 2 times 89.71 

3 3 times 91.83 

4 4 times 88.52 

5 5 times  88.69 

6 6 times 89.58 

7 7 times 89.49 

8 8 times 92.74 

9 9 times 92.50 

10 10 times 91.22 

 

The DD values of chitosan are varying from 87.94% to 92.74%. Eight phases resulted the 

highest DD value at 92.74%. This results is considered higher then DD chitosan from 

Puspawati and Simpen [20] which varying the concentration of NaOH and temperature for 

4 h and resulted on 88.04% DD at 60% NaOH, 120
o
C. This DD obtained in this research 

aslo higher than Toan [16] which resulted 88% after 20 h deacetylation using 50% NaOH. 

Although these differences may also occur because of differen equation used and 

differences in process conditions.      

4 Conclusion 

Optimum condition on demineralization process of giant fresh water shrimp shells was 

obtained by 6 phases process using HCl 2N, 1:20 (w/v), room temperature, with 0.071% 

residual ash content.  

Optimum deacetylation process was obtained by 8 phases process using 50% NaOH, 1:20 

(w/v), 100
o
C resulted on white-off chitosan with  92.74% DD value.  
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