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ABSTRACT 
 

Indonesia is a maritime country with abundant marine products, but the processing of marine animal waste has not been 
a concern, the shell contains chitosan as a multifunctional biopolymer. Chitosan is a proven biomaterial that is non-
toxic, biocompatible, and biodegradable compared to other polymers. The purpose of this study was to find out the 
content of Vaname shrimp chitosan and its inhibition against Streptococcus mutans bacteria. An experimental study 
was used, with a post test only control group design with the following treatments: control, 16 mg chitosan, 20 mg 
chitosan. Inhibitory power data (milli meter) was tested with One Way Anova. The research was carried out at the RAN 
Denpasar Laboratory, the Laboratory of the Faculty of Nutrition (Public Health, Airlangga University, Faculty of 
Pharmacy, Chemistry, Unair), UPT Analytical Laboratory Unud, and Microbiology Laboratory Unair. Results of this 
study indicated the content of carbohydrates, nitrogen, water, ash, protein, fat and the degree of deacetylation. Chitosan 
has an inhibitory effect on Streptococcus mutans bacteria. The quantity and quality of chitosan in Vaname shrimp, mets 
the requirements specified by Protan Biopolymer and was useful as an antimicrobial. 
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INTRODUCTION 
 

Indonesia was a maritime country with abundant marine products, but the processing of waste extraction from 
marine animal shells such as crustaceans is still not utilized. So far, crustaceans are only used for their flesh, while 
the shell containing chitosan is not used properly. Bali as a tourism destination has prepared many supporting 
facilities for the advancement of tourism with the presence of restaurants to prepare the culinary needs of tourists, 
including dishes in the form of shrimp. To meet the supply of shrimp, restaurant entrepreneurs cooperate with shrimp 
farmers, so that many shrimp farmers have emerged in Bali(1). Chitosan is an extract from the skin of hard-skinned 
animals such as shrimp and crabs. Chitosan is a chitin-derived biomaterial that is still being developed today, because 
it is proven to be non-toxic, biocompatible, and biodegradable compared to other polymers, so chitosan is very useful 
in the biomedical field(2). Chitosan is a derivative compound from the deacetylation of chitin which is widely 
contained in marine animals such as shrimp and crabs, chitosan is a multifunctional biopolymer because it contains 
three reactive functional groups, namely amino acids at C2, primary hydroxyl groups at C3 and secondary at C6, 
causing chitosan to have chemical reactivity. tall one. Chitosan also has superior properties with an LD50 (Lethal 
Dose 50%, which is the dose threshold in 50% of the sample) of 16gr/kg BW(3). 

According to the Household Health Survey conducted that dental and oral disease is the 6th highest disease 
complained of by Indonesian people(4). This is evidenced by the presence of 60% of the Indonesian population 
still experiencing dental and oral diseases(5). Patients with dental caries in Indonesia have a prevalence of 50-70% 
with the most sufferers being children under five(4). Dental caries is an infection of the teeth caused by 
Streptococcus mutans bacteria which causes demineralization of the tissue, causing localized damage to the tissue. 
Dental caries begins with the formation of dental plaque which is tightly attached to the tooth and gingival surfaces 
and has a large enough potential to cause disease in the hard tissues of the teeth(6). This situation is caused by 
plaque containing various kinds of bacteria with various metabolic products. The previously study also reported 
that using chlorhexidine and povidone iodine as mouthwash to suppress the development of plaque-forming 
bacteria. Chlorhexidine not only has bactericidal and bacteriostatic effects, but also has side effects, namely 
discoloration of the teeth and tongue and impaired taste after every rinse(7).  
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The aim of current study was to conducting chitosan-based research as a product for dental health care. 
Therefore, the researchers tried to make chitosan from shrimp shells and tested the quality, quantity and inhibition 
of Streptococcus mutans bacteria contained in chitosan of Vaname shrimp produced by shrimp farmers in Bali.  

 

METHODS 
 

The research method was an experimental study, with a post test only control group design with control 
treatment, 16 mg chitosan, 20 mg chitosan (dissolved with 1% acetyl acetate). Chitosan of Vaname shrimp 
produced by shrimp farmers were collected from local area of Denpasar district-Bali, and authenticated by an 
expert from Universitas Udayana, Bali.  

Population of this study was Streptococcus mutans bacteria, sample size was taken by simple random 
sampling technique (using the Federer formula). Tested on Streptococcus mutans bacteria (equivalent to 0.5 Mc 
Farland) which was cultured on MHA (Mueller Hinton Agar) by diffusion method. Inhibitory power data (milli 
meter) was tested with One Way Anova. The research was carried out at the RAN Denpasar Laboratory, the 
Laboratory of the Faculty of Nutrition (Public Health, Airlangga University, Faculty of Pharmacy, Chemistry, 
Unair), UPT Analytical Laboratory Unud, and Microbiology Laboratory Unair.  

This study obtained ethical clearance from the Health Polytechnic of Denpasar, Ministry of Health 
Denpasar. The time of the study began on April 1st to August 31st , 2021.  

 

RESULTS 
 

Qualitative and Quantitative Test of Vaname Shrimp Chitosan  
 

Table 1. Quality and quantity test results on vaname shrimp chitosan ponds in Bali 
 

Parameters Result 
Carbohydrat (%) 68.54 

Nitrogen (%) 3.07 
Water (%) 10.75 
Ash (%) 0.69 
Protein 29.24 

Fat 6.18 
Degree of Deacetylation 77.60 

 

The Chitosan content of Vaname shrimp in the form of carbohydrates, nitrogen, water, ash, protein, fat and 
the degree of deacetylation that meets the requirements of Protan Biopolymer. 

 

The Inhibition Test of White Shrimp Chitosan against Streptococcus mutans 
 

Table 2. Mean inhibition of chitosan against Streptococcus mutans in each group 
 

Group n Mean ± SD p 
Control 5 0.000 ± 0.00  

Chitosan 16 mg 5 13.720 ± 0.94 0.000 
Chitosan 20 mg 5 16.880 ± 0.64  

Analysis by the One Way Anova Test, * significant at p <0.05 
 

There was a significant difference in inhibition between treatment groups (p <0.05). The average inhibition 
against Streptococcus mutans showed that 20 mg Chitosan had the highest inhibitory power. 
 

Table 3. Mean inhibition of chitosan against Streptococcus mutans bacteria between groups 
 

Group Mean diff. p 
Control – Chitosan 16 mg 13.720 0.000 
Control – Chitosan 20 mg 16.880 0.000 
Chitosan 16 mg - Chitosan 20 mg   3.160 0.003 

Analysis by the One Way Anova Test, * significant at p <0.05 
 

There were significantly different inhibition between control group with 16 mg and 20 mg Chitosan 
(p<0.05). There was a significant difference in inhibition between 16 mg and 20 mg Chitosan (p <0.05). 
 

 
 

Figure 1. Inhibition zone diameter of control group with 16 mg and 20 mg chitosan 
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Figure 2. Inhibition zone differences of control group with 16 mg and 20 mg chitosan 
 

DISCUSSION 
 

The presence of carbohydrates, nitrogen, water content, ash content, protein, fat, and the degree of 
deacetylation showed in Table 1. The carbohydrate content in this study was 68.54, still lower than the results of 
previous study on the Characteristics of Chitosan from Waste Windu Shrimp,  which was 81.39%, while from the 
results of the carbohydrate content of shrimp chitosan was 74.12% (8,9). The nitrogen content of this Chitosan was 
3.07%. This result meets the quality standard of chitosan as determined by Protan Biopolymer, which was 5%. 
Nitrogen content in chitosan determines the nature of chitosan to interact with other groups. The higher 
concentration of NaOH and temperature at the time of deacetylation, the nitrogen content tended to be smaller(10). 

The water content in this study was 10.75 (Table 1), still higher than the quality standard determined by 
Protan Biopolymer for chitosan, which was 10%. The water content produced was influenced by drying process, 
the length of drying carried out, amount of chitosan being dried and surface area where chitosan was dried(11). The 
ash content showed a result of 0.69% which meant that the ash content obtained in this shrimp chitosan has met 
quality standard of chitosan. Where according to Protan Biopolymer is < 2%. The mineral removal process was 
influenced by the stirring process. The constant stirring process caused uniform heat so that the solvent (HCl) can 
bind minerals perfectly(12). 

Table 1 showed the protein content obtained in this study was 29.24 lower than the results of previous study 
of 32.03(13). The fat content in this study was 6.18 which was still higher than the results of of previous study on the 
Characteristics of Chitosan from Waste Windu Shrimp, which was 3.13%(8). Meanwhile, the fat content in shrimp 
shells of 11.9 ± 1.4%. High fat content was influenced by high acid levels during demineralization and high alkaline 
levels during deproteinization. The higher concentration of solution is expected to be more capable of denaturing 
proteins, fats, pigments and organic content and releasing minerals in the material(8).  

The degree of deacetylation indicated the percentage of acetyl groups that can be removed from chitin to 
produce chitosan. The high degree of deacetylation indicated that the acetyl group contained in chitosan is low. 
The less acetyl groups in chitosan, the interaction between ions and hydrogen bonds from chitosan will be stronger. 
The quality standard of chitosan set by Protan Biopolymer is 70%. The degree of deacetylation of chitosan was 
77.60 which met the quality standard of chitosan. That the degree of deacetylation is influenced by the high 
concentration of NaOH and the temperature used during deproteinization, thus facilitating the termination of the 
acetyl group during deacetylation(10). Chitosan from shrimp shells had the highest levels of deacetylation, 
solubility, viscosity and yield(14). So it can be concluded that shrimp chitosan was superior to crab and squid 
chitosan. Utilization of shrimp shell waste for the production of chitin and chitosan will provide more economic 
and biological value, and can reduce environmental pollution. 

Table. 2 showed the inhibition test of Vaname shrimp chitosan against Streptococcus mutans showed a 
significant difference in inhibition between the control group and the treatment group, namely 16 mg and 20 mg 
chitosan (p=0.000 / p<0.05). The average inhibition (Table 3) shown from the results of in vitro studies proves 
control (0.000 ± 0.00) that chitosan with 16 mg (3.720 ± 0.9420) and 20 mg has the largest diameter of inhibition 
(16.880 ± 0.64). Administration between 16 mg and 20 mg showed a significant difference in inhibition 
(p=0.003/p<0.05) with a mean difference of 3.160 mm. This proves that Vaname shrimp chitosan had an 
increasing inhibitory power with increasing concentration. 

This study is in accordance with the research of previous study which examined shrimp chitosan as an 
antimicrobial against Staphylococcus epidermidis, Pseudomonas aeruginosa and Escherichia coli bacteria(15). 
This study showed the ability of shrimp chitosan to inhibit these bacteria.  Similarly, previous studies have proven 
the ability of chitosan to inhibit the growth of Propionibacterium acne bacteria as the cause of acne at a 
concentration of 0.125%(16).  Chitosan has potential as an antibacterial because it contains lysozyme enzymes and 
aminopolysaccharide groups that can inhibit bacterial growth. Lysozyme is an enzyme that can destroy bacterial 
cell walls, causing lysis of bacteria. Besides that, chitosan also has a negatively charged polycation which can 
inhibit the growth of bacteria(17). The antibacterial ability of chitosan is caused by the presence of an amine 
functional group (-NH2) which has a very strong positive charge which can attract negatively charged amino acid 
molecules that form proteins in microbes(18). The antibacterial activity of shrimp chitosan, showed almost the same 
results as this study(19). The study was conducted on Gram positive and Gram negative bacteria, namely 
Staphylococcus aureus and Salmonella paratyphi in vitro which showed the presence of inhibition with diameters 
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between 16mm and 14mm. This condition is supported by the statement which states that chitosan antimicrobials 
are influenced by the degree of deacetylation and molecular weight. The antimicrobial activity of chitosan was 
caused by the interaction of positively charged molecules of chitosan with negative charge components on the 
walls and membranes of bacterial cells, there by disrupting normal cell metabolism. The polycation of chitosan 
will bind to the negative charge on the surface of the bacteria, causing leakage in the cells and forming molecular 
aggregation groups. The more chitosan absorbed, the more changes in the structure and permeability of bacterial 
cells. This condition is supported by the results of previous research proving that shrimp chitosan has an MIC 
(Minimum Inhibitor Concentration) between 0.1% and 1% and an effective inhibitory power on Gram negative 
and Gram positive bacteria(20). 

CONCLUSION  
 

The results of quality and quantity test of Vename shrimp shell chitosan, in general, from the ash content, 
water, nitrogen and degree of deacetylation have met the Chitosan quality standard set by Protan Bioplomer. Shrimp 
shell chitosan as a result of this study also still contains levels of fat, protein, carbohydrates as nutritional ingredients. 
Shrimp Chitosan can be used as a natural-based antimicrobial agent (with the highest inhibitory power). 
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