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A mini-Review: The Role of Chitosan in Aquaculture Fish Health Management

ABSTRACT

Disease attack is one of the obstacles in fish farming activities, therefore fish health management
through health improvement needs to be done so that fish are protected from disease attacks. The
use of natural ingredients that contain antibacterial, immunostimulant is one way that can be
used to improve fish health, which is safe and relatively inexpensive. Chitosan is a natural
ingredient which is mostly sourced from shrimp shells that have gone through a de-acetylation
process that can be used for fish health management. Based on the results of research and tests
from several researchers, chitosan has the potential to be used in the management of fish health,
because it has an antibacterial, immunostimulating effect, is safe to use, because it does not have
toxic effects and has a positive impact on the growth of several types of fish.
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1. INTRODUCTION

Fish health management is a wise step in fish farming activities to produce healthy fish that can
grow optimally. Disease control is part of fish health management. Disease prevention measures
are the right steps in disease control, because they are relatively easier and cheaper than
treatment measures when fish are already sick. Efforts to treat diseases in cultured fish are still
using antibiotics. However, the use of antibiotics has been met with increasing opposition
because of their negative long-term effects on the environment and potential harm to human
consumers [1]. In addition, the price of antibiotics is relatively expensive, if the use of antibiotics
to treat sick fish on a pond scale causes high costs, making it less efficient [2]. To avoid the
negative impact of the use of antibiotics, efforts to control disease in the aquaculture system can
be carried out with preventive measures by using natural ingredients that are relatively effective,
cheaper and safer for fish and humans as well as environmentally friendly. Chitosan is a fishery
waste that comes from crustacean skins after undergoing demineralization, deproteination, and
deacetylation. The basic ingredients of chitosan are easy to obtain, available in large quantities,
and have not been used optimally. Chitosan as a natural polymer has a high molecular weight,
biocompatible, non-toxic, eco-friendly, and biodegradable [3, 4]. Besides being able to be used
for disease prevention (immunostimulation), because it can induce the immune system, it can
also be used as a medicine, because it is antibacterial and accelerates wound healing [5]. Dietary
formula feed processed with chitosan is safe for fish and beneficial for human health [6]. The
purpose of this study was to describe the role of chitosan as a natural ingredient to manage the
health of aquacultured fish.

2. THE CONTENT AND BENEFITS OF KITOSAN

[Comment [W1]: Is this same as Chitosan? J




Chitosan is a natural compound with many benefits, obtained from the exoskeleton of
crustaceans, insect cuticles and cell walls of some microbes, containing (1-4)-linked 2-
acetamido-2-deoxy-B-D-glucose (N-acetyl glucosamine) which is a product of base de-
acetylation of Chitin (poly(R3-(1-4)-N-acetyl-D-glucose-amine) [7, 8]. Chitosan is an important
polymer, used in various fields. In industry and agriculture, used to protect and stimulate plant
growth, as a preservative, thickener, and stabilizer in the manufacture of sauces, fruit coatings,
seeds and frost protection [9, 10, 11]. Other benefits include water purification, removal of metal
ions and ecological polymers. and reduce odor in water treatment [12]. Chitosan has biological
effects, namely as an immunostimulant and adjuvant in cultured fish [13, 14, 15], antibacterial
[16], wound healing [17], analgesic [18], anti-oxidant [19], anti-tumor [20, 21]. For land animals,
chitosan can as an additive added to feed has the effect of increasing growth and endurance,
lowering cholesterol levels and controlling intestinal microbes [22, 23]. Fish feed formulations
added with chitosan can increase protein content, reduce lipid and water content of fish meat [24,
25]. Chitosan affects mineral content in humans [26].

3. ANTIBACTERIAL ACTIVITY

Several studies have proven that chitosan has antibacterial activity. In vitro chitosan was able to
inhibit the growth of four strains of pathogenic bacteria, namely Aeromonas veronii B55, A.
veronii Aerol, Enterococcus faecalis F1B1, and E. Faecalis PS6. The doses of chitosan used
were TO (without chitosan/control), T1(1 g kg-1 feed), T2 (2 g kg feed) and T3 (3g kg™ feed).
The dose of 1 g kg/feed can inhibit the growth of the four largest bacteria. The density of
Aeromonas veronii B551 in the control treatment was (2.9+0.047)x10” CFU ml-1 and after being
treated with chitosan it became (1.5+0.12)x10* CFU ml-1. The density of A. veronii Aerol1 in
the control treatment was (2.9+0.026)x10’ (CFU ml-1) and after being treated with chitosan it
became (1.78+0.06)x10° CFU ml-1, the bacterial density of Enterococcus faecalis F1B1 in the
control treatment was ( 3.0£0.08)x10° CFU ml-1 and after being treated with chitosan it became
(1.83+0.09)x103 CFU ml-1, and the density of E. faecalis PS61 bacteria in the control treatment
was (2.93+0.04)x10° CFU ml-1 after being treated with chitosan it became (1.53+0.25)x10
CFU ml-1 [6]. Chitosan provides antibacterial activity against several types of bacteria, including
Escherichea coli, Staphylococcus aureus, Pseudomonas aeruginosa and Salmonella paratyphi B
[27]. As the results of research conducted by Kurniasi and Kartika (2009) [28] chitosan can
inhibit the growth of Staphylococcus aureus. The chitosan used was first dissolved in acetic acid
with various concentrations of 1,4; 1.0; 0.6; 0.4; 0.2; 0.1 and 0.05% (w/v). while the density of S.
aureus bacteria used was 10® CFU/mL. Based on the results of the study, it was shown that the
greater the concentration of the chitosan solution, the lower the antibacterial activity. Chitosan
can inhibit the growth of other pathogenic bacteria that attack fish, namely Aeromonas
hydrophila, Vibrio parahaemolyticus and Pseudomonas fluorescens, respectively at minimum
concentrations of 1000, 150 and 250 ppm [29]. The results of other studies show that chitosan
can inhibit the growth of several other types of pathogenic bacteria of freshwater fish, namely
Aeromonas hydrophila, Edwardsiella ictaluri and Flavobacterium columnare. Chitosan
concentration of 0.8% can inhibit the growth of A. hydrophila, while bacteria E ictaluri and F.
columnare showed higher sensitivity to chitosan, at 0.4% chitosan concentration the growth of
these two bacteria could be inhibited within 24 hours of incubation at temperature 28°C. At a



lower concentration of chitosan (0.4%) and a longer incubation time the growth of A. hydrophila
bacteria was inhibited, while for bacteria E ictaluri and F. columnare it occurred at a
concentration of 0.2% [30]. The mechanism of inhibition of bacteria by chitosan, can occur
through several possibilities, first because there is a difference in charge that interacts
electrostatically, where chitosan which has an antibacterial functional group is an amine with a
positive charge, while the surface of bacteria has a negative charge, then there is a change in the
permeability of the bacterial cell membrane resulting in a change in the permeability of the
bacterial cell membrane. causes the osmotic pressure inside the cell to be imbalanced which
hinders the growth of microbes. In addition, there are changes in the composition of bacteria,
including protein, amino acids and glucose, in other words, chitosan inhibits the metabolism of
microorganisms which results in cell death. In the cell also occurs hydrolysis events in the cell
wall which causes the release of cell electrolytes, which causes the death of a cell. The second
possibility is that the positive charge of chitosan interacts with bacterial DNA, which results in
inhibition of RNA and protein synthesis. In this mechanism, chitosan must have a small
molecular weight in order to enter the cell of microorganisms. [31, 28].

4. IMMUNOSTIMULANT ACTIVITY

Several studies have proven that chitosan can be used as an immunostimulant that can increase
the body's resistance to several types of cultured fish against pathogenic bacterial attacks and can
also avoid bacterial resistance. [Suhenda et al. (2008) [32]\ conducted a study using chitosan doses
of 0 g/g (control), 2 g/g, 4 g/g and 6 g/g given to catfish (Clarias sp.) via intramuscular injection.
The results showed that catfish fed with chitosan gave a better non-specific immune response
than the control. Indicated by an increase in hematological parameters, namely the number of
erythrocytes, leukocytes. hematocrit, hemoglobin and phagocytic index levels. As according to
added with chitosan caused a significant increase in the number of erythrocytes and white blood
cells, which might help in increasing nonspecific immunity through neutrophils and
macrophages [33]. An increase in the number of erythrocytes has a positive impact on increasing
the amount of oxygen for respiration and high metabolic activity [34, 35]. After 7 days of
administration of chitosan, the fish were challenged with Aeromonas hydrophila bacteria 10°
CFU/mL. On day 6 (end of observation) after the challenge test, fish given chitosan produced
higher survival rates than the control. Catfish treated with chitosan doses of 2 g/g, 4 g/g, and 6
g/g resulted in 80%, 83.33% and 93.33% survival, respectively, while control fish survival was
53.33%. High survival rate in the treatment of 2 g/g, 4 g/g, and 6 g/g, due to the role of chitosan
in increasing specific immune responses, including leukocytes. As according to Capkin and
Wtinok (2009) [36]\ leukocytes can increase fish immunity, so it can prevent fish diseases.
Catfish treated with 6 g/g chitosan in addition to producing high survival rates, also produced a
better percentage of lymphocytes, neutrophils, monocytes and platelets compared to other treated
fish and controls. Recovery of appetite after the challenge test, catfish given 6 g/g chitosan was
also faster, namely on the 3rd day there was a recovery in response to eating. \Rozi et al. (2018)
[37] \have conducted research on the administration of chitosan through feed to increase the
immunity of tilapia which is indicated by an increase in the number of leukocytes. In this study,
the weight of tilapia used was 11.53+2.81g/ind, while the dose of chitosan used was PO: without
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chitosan (0 ppt), P1: 10 ppt, P2: 50 ppt, P3: 100 ppt. The results showed that the highest number
of erythrocytes in tilapia occurred in the treatment of chitosan P1 (10 ppt) of 2.87 x 10° + 5.25
cells/mm3, while the lowest occurred in control fish PO (0 ppt), which was 2.15 x 10° + 7.76
cells/mm?. Meanwhile, the highest number of leukocytes in the P3 treatment (100 ppt) was 7.97
x 10* + 2.39 cells/mm3 and the control fish were 1.10 x 10* + 1.42 cells/mm®. Here it is seen that
chitosan can increase fish immunity. Giving chitosan to seeds (average weight of 15 + 2 g) of
asian seabass (Lates calcarifer) through feed for 60 days with different doses (control/fish were
fed normal diet without chitosan, 5 g kg *, 10 g kg™ and 20 g kg™ feed) resulted in different
haematological conditions. The fish group that was given chitosan significantly increased the
total erythrocyte count (TEC) and the total leukocyte count (TLC) which was higher than the
control group from day 30 to day 45, then decreased. Fish that were given a dose of chitosan 10
g kg on day 45 had a significantly higher increase (P 0.05) TEC (3.68 + 0.10 x 10° cells/mm3)
and TLC (3.30 + 0 ,20 x 10* cellssmm3) compared with other treatments. The total serum
protein, albumin and globulin content increased significantly in chitosan-treated fish until day
45, after which they decreased. On day 15, the albumin-globulin ratio was significantly higher (P
0.05) in fish fed chitosan with a dose of 20 g kg™ of feed compared to other treatments, which
was (0.77 g dL-1 = 0, 05 ). The results of observations of cellular immune parameters, namely
respiratory explosive activity and phagocytosis ratio increased significantly in fish fed with
additional chitosan compared to the control fish group. This increase occurred until the -45th day
and then decreased. The exhalation activity and phagocytic ratio in the 10 g kg-1 treatment on
day 45 were significantly (P 0.05) higher than the other treatments, 0.56 + 0.03 and 57.11+2.53
respectively. Humoral immune parameters, namely serum lysozyme and serum bactericidal
activity increased after feeding with chitosan added. The highest increase occurred in fish whose
feed was given additional chitosan at a dose of 10 g kg™ of feed. After being challenged with
Vibrio anguillarum by intraperitoneal injection with the bacterial suspension of 0.1 ml (1 x 10°
CFU mL™) after 60 days of feeding trial, the fish were given chitosan (5 g kg ™, 10 g kg™ and 20
g kg™ feed) resulted in higher survival, 57.78 + 5.88%, 75.56 + 4.44% and 68.89 + 5.88%
respectively, while the survival of control fish was 46.67 + 3.85%. Among the treatments, fish
treated with chitosan at a dose of 10 g kg™ significantly (P 0.05) resulted in the highest survival
[38]. Research on the diet of chitosan in crayfish on immune reactions and survival has been
carried out. The results showed that crayfish (Procambarus clarkii) which were fed with chitosan
10 mg/g feed for 4 weeks produced significantly higher THC (Total Hemocyte Count), proPO
(prophenoloxidase) and SOD (Superoxide Dismutase) activities (P < 0.05) compared to control
and other treatments, each of which was 17.93 + 0.30 (x10° cells/mL), 0.31 + 0.02 units, 0.33 +
0.01 units, while the controls were 11.97 + 0.20 (x10° cells/mL), 0.21 + 0.02 units, and 0.22 +
0.02 units respectively. After being treated with chitosan, then challenged with white spot
syndrome virus (WSSV) showed that shrimp fed additional feed with 10 mg/g chitosan showed a
significantly higher RPS (relative percent survival) value (P < 0.05) compared to control and
other treatments, namely 40 £ 5%, while the control crayfish experienced a mortality of 100%
[39]. From the description above. chitosan has the potential to be used as an effective
immunostimulant against pathogens in shrimp. Another study regarding the administration of
chitosan added to the diet of carp (Cyprinus carpio) for 60 days, showed an increase in
immunity, which was indicated by an increase in lysozyme levels (at a concentration of 1%) and
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serum bactericidal activity (at a concentration of 0.5% and 1%). After being challenged with
Aeromonas hydrophila bacteria with a density of 2.1x10" CFU through intraperitoneal injection,
fish that were added with 0.5 and 1% chitosan significantly (p<0.05) resulted in lower mortality
compared to other treatments and the lowest occurred in fish given 1% chitosan, which was 60%
+ 4.78, while the mortality value of control fish was 76.7% + 6.7 [8]. Besides being able to
increase the resistance of fish to attack by pathogenic diseases, chitosan can also be used to
eliminate the toxicity of heavy metals exposed in the fish body. As the results of research
conducted by Salaah (2001) [40] showed that chitosan diet was able to eliminate exposure to
heavy metal Pb in tilapia (Oreochromis niloticus). Tilapia used in the study averaged 35.32+2.4
g, reared at a density of 5g/L. The treatment used was G1: negative control/fish given basic
feed); G2: positive control/fish given basic feed and 15 mg/L Pb (positive control); G3: fish were
given basic feed containing 0.3% chitosan and 15 mg/L Pb; G4: fish were fed a basic diet
containing 0.5% chitosan and 15 mg/L Pb; G5: fish were given basic feed containing 1%
chitosan and 15 mg/L Pb. The results showed that the antioxidant enzymatic activity, namely
superoxide dismutase (SOD) of liver, gill and muscle organs in the G5 (1% chitosan) treatment
were 160.75+7.9, 118.11+7.5 and 66.32+4.4 U/g, respectively, these values were higher
compared with liver, gill and muscle organs in G2, G3 and G4 treatments. Likewise, the total
antioxidant activities (T-AOC) in the G5 (1% chitosan) treatment were significantly (P 0.05)
higher than the G2, G3 and G4 treatments. The total antioxidant activities of fish liver, gill and
muscle organs in the G5 treatment were 4.86+0.5, 4.4+0.5 and 3.01+0.6 mM/L, respectively.
Innate immune response of Nile tilapia (O. niloticus), namely Phagocytosis and lysozyme was
significantly (P 0.05) higher in G5 treatment than other treatments (G2, G3 and G4), 17.82+2.1%
and 816.44+17.3 U/mL respectively. The results of histopathological examination, the gills of
control fish (G1) showed normal filament and lamella structure, while the gill structure of fish in
G2 and G3 treatments. Fish gills in G2 treatment were damaged in the form of epithelial cell
hyperplasia, many telangiectatic lesions characterized by severe lamellae thrombosis. On the
other hand, the fragmentation of the platelet nucleus in the swollen capillaries and the presence
of blockages in the blood vessels of the gill filaments. In addition, many lamellae are severely
damaged due to sloughing and hypertrophy of the mucosal cells. The gill epithelial cells in G3
treated fish showed little hyperplasia and adhesions. In contrast, fish fed high chitosan (G4 and
G5) showed gill structures mostly similar to those of the control group (G1). Here it is seen that
chitosan given in the feed can activate the antioxidant system and the innate immune response
(phagocytic and lysozyme activity), and protect the tissues of tilapia exposed to heavy metal Pb.
The optimal level of addition of chitosan feed is 1%, at this concentration can protect fish against
the cytotoxic effects of Pb and increase the innate immune response against high invading
microbes.

5. GROWTH EFFECT

Chitosan is not only beneficial for the management of fish health, from several research results
chitosan also has a positive impact on the growth of fish and shrimp. Research has been done on
the provision of chitosan through feed to increase the growth of tilapia. In this study, the weight
of tilapia used was 11.53+2.81g/tail, while the dose of chitosan used was PO: without chitosan (0
ppt), P1: 10 ppt, P2: 50 ppt, P3: 100 ppt. The results showed that the average final weight of



tilapia in P3 treatment was 24.10+6.48 g, significantly (p<0.05) higher than the control (P0O) of
17.094+2.81 with the average absolute weight gain was 12.19+3.45 g. The highest total length
value was also found in treatment P3 (100 ppt), with a mean length value of 11.79+1.29 cm and
an average absolute length value of 2.06+0.19. Tilapia in the P3 treatment (100 ppt) also
produced the highest FCR, AGP, SGR and EEP values, respectively 3.48+2.25; 0.13+0.03;
0.85+0.84 and 28.70+16.54. While the trend values obtained in the control treatment were
11.44+2.81 (FCR), 0.03%0.01 g/day (ADG), 0.29+0.05 (SGR) and 8, 75+16,65 % (EEP) [37].
Caspian kutum (Rutilus frisii kutum ) with an average weight of 1.7 = 0.15 g fed on feed
containing chitosan at different levels (0, 0.25, 0.5, 1 and 2 g kg™) for 60 days showed different
results on growth performance. The results showed that the feed conversion ratio (FCR) was
significantly lower in fish whose feed contained 1 g kg (-1) chitosan, compared to other groups
(P < 0.05), but there was no significant difference (P > 0, 05) between treatments with specific
growth rates and condition factors [41]. Juvenile Barbonymus gonionotus after being given
chitosan added to the feed at doses of TO (without chitosan/control), T1(1 g kg™ feed), T2 (2 g
kg™ feed) and T3 (3g kg™ feed) during 60 days resulted in different weight gain, respectively
26.11 £ 1.40 g, 39.40 £ 1.47 g, 34.37 + 1.24 g, and 30.17 £ 0.60 g. From this data, it can be seen
that the fish seed treated with chitosan resulted in a significantly higher weight gain (P < 0.05)
than the fish fry in the control treatment. Fish seeds that were given chitosan 1 g kg™ feed (T1)
significantly (P < 0.05), resulted in the highest weight gain compared to all treatments at all
observation times (days 15, 30, 45, and 60). Similar to the results of SGR (specific growth rate)
observations, fish given chitosan 1 g kg feed produced the highest SGR value, which was
1.80+0.08%/day. While the control fish, treatment T2 and T3 SGR values resulted in SGR values
of 1.39+0.04, 1.68+0.53 and 1.53+0.014 %/day, respectively. Here it can be seen that the higher
the dose of chitosan given the weight gain and the lower SGR of fish fry. The results of
observations on the FCR of fish fry showed that the T1 treatment significantly produced the
lowest value, namely 1.20+0.029, while the FCR values for the control treatment, T2 and T3
were 1.45+0.022, 1.30+0.02 and 1.38+0.006, respectively. From these data, it can be seen that
the FCR value increased significantly with increasing the dose of chitosan diet and the dose of
chitosan 1 g kg™feed resulted in the best growth performance [6]. Fish fed with chitosan-mixed
feed, both as an immunostimulant and for safe growth for fish, did not cause toxicity and did not
have significant morphological changes in fish [42].

6. CONCLUSION

Based on the results of research and tests from several researchers described above, chitosan has
the potential to be used in the management of fish health, because it has an antibacterial,
immunostimulating effect, is safe to use for sustainable aquaculture because it does not have
toxic effects and has a positive impact on the growth of several types of fish.

REFERENCES

1. Romano A, Caubet JC. Antibiotic allergies in children and adults: from clinical
symptoms to skin testing diagnosis. The Journal of Allergy and Clinical Immunology: In
Practice. 2014; 2(1):3-12. https://doi.org/ 10.1016/j.jaip.2013.11.006 PMID: 24565763


https://doi.org/

10.

11.

12.

13.

Angka SL, Priosoeryanto BP, Lay BW dan Harris E. 2004. Motile Aeromonas
Septicemia disease in African catfish. Postgraduate Forum. Bogor Agricultural Institute.
Bogor.

Atta AM, Abdel-Bary EM, Rezk K, Abdel-Azim A. Fast responsive poly (acrylic acid-
co-N-isopropyl acrylamide) hydrogels based on new crosslinker. J. Applied Polymer Sci.
2009;112 (1): 114-122.

Omidi S, Kakanejadifard A. Modification of chitosan and chitosan nanoparticle by long
chain pyridinium compounds: Synthesis, characterization, antibacterial, and antioxidant
activities. Carbohydrate Polymers 2019; 208: 477-485.

Suptijah, P. 2006. Descriptive functional characteristics and applications of chitosan
chitin. Proceedings of the National Chitin Chitosan Seminar. Department of Fishery
Products Technology. Institut Pertanian Bogor. Bogor.

Salam MA, Rahman MA, Paul SI, Islam F, Barman AK, Rahman Z, Shaha DC,
Mahbubur MR, Islam T. Dietary Chitosan Promotes The Growth, Biochemical
Composition, Gut Microbiota, Hematological Parameters and Internal Organ Morphology
of juvenile Barbonymus gonionotus. Plos One. 2021; 16 (11): 1-23.

Ruiz-Navajas Y, Viuda-Martos M, Sendra E, Perez-Alvarez JA, Ferna'ndez-Lo"pez J. In
vitro Antibacterial and Antioxidant Properties of Chitosan Edible Films Incorporated
With Thymus Moroderi or Thymus Piperella Essential Oils. Food Control. 2013;
30(2):386-92. https://doi.org/10.4315/0362-028X.JFP-12-554 PMID: 23834797.

Alishahi M, Esmaeili RA, Zarei, M. Effect of Dietary Chitosan on Immune Response and
Disease Resistance in Cyprinus carpio. Iranian Journal of Veterinary Medicine. 2014;
8(2):125-133.

Rahman M, Mukta JA, Sabir AA, Gupta DR, Mohi-Ud-Din M, Hasanuzzaman M, et al.
Chitosan biopolymer promotes yield and stimulates accumulation of antioxidants in
strawberry fruit. PLoS One. 2018; 13(9):e0203769.
https://doi.org/10.1371/journal.pone.0203769 PMID: 30192877.

Rinaudo, M. (2006) Chitin and chitosan: Properties and applications. Prog Polym Sci. 31.:
603-632.

Ohta K, Taniguchi A, Konishi N, Hosoki T Chitosan treatment affects plant growth and
flower quality in Eustoma grandiflorum. Hort Sci. 1999; 34: 233-234.

Muzzarelli RAA, Weckx M, Filippini O. Removal of trace metal ions from industrial
waters, nuclear effluents and drinking water, with the aid of cross-linked N-
Carboxymethyi Chitosan. Carbohydr Polym. 1989; 11: 293-306.

Anderson D, Siwicki AK. Duration of protection against Aeromonas salmonicida in
brook trout immunostimulated with glucan or chitosan by injection or immersion.
Progress Fish Culturist. 1994; 56: 258-61.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Seferian PG. and Martinez ML. Immune stimulating activity of two new chitosan
containing adjuvant formulations. Vaccine. 2001; 19: 661-668.

Boonyo W, Junginger HE, Waranuch N, Polnok A, Pitaksuteepong T. Chitosan and
trimethyl chitosan chloride (TMC) as adjuvants for inducing immune responses to
ovalbumin in mice following nasal administration. J Control Release. 2007;121: 168-
175.

No H, Park NY, Lee SH, Meyers SP. Antibacterial activity of chitosan and chitosan
oligomers with different molecular weights. Int J Food Microbiol. 2002; 74: 65-72.

Ramesh U and Maridass M. Wound healing effect of chitosan in fresh water fish
Cyprinus carpio L. Int J Biol Techol. 2010;1: 99-102.

Okamoto Y, Kawakami K, Miyatake K, Morimoto M, Shigemasa Y, Minami S.
Analgesic effects of chitin and chitosan. Carbohydr polym. 2002; 49: 249-252.

Rajalakshmi A, Krithiga N and Jayachitr A. Antioxidant Activity of the Chitosan
Extracted from Shrimp Exoskeleton. Middle-East Journal of Scientific Research. 2013;
16 (10): 1446-1451.

Qin C,Du Y, Xiao L, Li Z, Gao X. Enzymic preparation of water-soluble chitosan and
their antitumor activity. Int J Biol Macromol. 2002; 31: 111-117.

Adhikari HS and Yadav PN. Review Article Anticancer Activity of Chitosan, Chitosan
Derivatives, and Their Mechanism of Action. International Journal of Biomaterials. 2018;
(2):1-29.

Hirano S, Akiyama Y. Absence of a hypocholesterolaemic action of chitosan in high-
serum-cholesterol rabbits. Journal of the Science of Food and Agriculture. 1995;
69(1):91-94.

Shi-bin 'Y, Hong C. Effects of dietary supplementation of chitosan on growth
performance and immune index in ducks. African Journal of Biotechnology. 2012;
11(14):3490-5.

Thilagar G, Samuthirapandian R. Chitosan from crustacean shell waste and its protective
role against lead toxicity in Oreochromis mossambicus. Toxicology Reports. 2020;
7:296-303. https://doi.org/10. 1016/j.toxrep.2020.02.006 PMID: 32071883.

Yildiz PO. Effect of chitosan coatings enriched with cinnamon oil on proximate
composition of rainbow trout fillets. In AIP Conference Proceedings, AIP Publishing
LLC. 2017; 1833(1):020070.

Tosun S. Effect of Chitosan on Mineral Content of Human Tooth After Bleaching: An
SEM-EDX Study. Journal of Advanced Oral Research. 2019; 10(2):161-4.

Fernandez M, Plessing CV and Cérdenas G. Preparation and characterization of chitosan
gels, J. Chil. Chi. Soc. 2006; 51: 1022- 1024.



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kurniasih M dan Kartika D. Chitosan Antibacterial Activity Against Bacteria S. aureus.
Molekul. 2009; 4(1) : 1 -5.

Goy RC,de Britto D and Assis OBG. A review of the antimicrobial activity of chitosan.
Polimeros. 2009; 19(3):241-247.

Yildirim-Aksoy M, Beck BH. Antimicrobial activity of chitosan and a chitosan oligomer
against bacterial pathogens of warmwater fish. Journal Applied Microbiology.
2017;122(6):1570-1578.

Sarwono R. Utilization of Chitin/Chitosan As Anti-Microbial Material. Jurnal Kimia
Terapan Indonesia. 2010;12(1): 32-38.

Sukenda, Jamal L, Wahjuningrum D and Hasan A. Use of Chitosan to Prevent
Aeromonas hydrophila Infection on Catfish Clarias sp. Jurnal Akuakultur Indonesia.
2008;7(2): 159-169.

Irianto A, Austin B. Use of probiotics to control furunculosis in rainbow trout,
Oncorhynchus mykiss (Walbaum). Journal of Fish Diseases. 2002; 25(6):333-42.

Lenfant C, Johansen K. Gas exchange in gill, skin, and lung breathing. Respiration
Physiology. 1972; 14(1-2):211-8.

Mohapatra S, Chakraborty T, Prusty AK, Prasad KP, Mohanta KN. Beneficial effects of
dietary probiotics mixture on hemato-immunology and cell apoptosis of Labeo rohita
fingerlings reared at higher water temperatures. PloS One. 2014; 9(6):e100929.

Capkin E, Altinok I. Effects of dietary probiotic supplementations on
prevention/treatment of yersiniosis disease. Journal of Applied Microbiology. 2009;
106(4):1147-53. https://doi.org/10.1111/j.1365-2672. 2008.04080.x PMID: 19191963.

Rozi, Mukti AT, Samara SH and Santanumurti MB, The Effect of Chitosan in Feed on
Growth, Survival Rate and Feed Utilization Efficiency of Nile Tilapia (Oreochromis
niloticus). Jurnal Perikanan Universitas Gadjah Mada. 2018; 20 (2): 103-111.

Ranjan R, Prasad KP, Vani T and Kumar R. Effect of Dietary Chitosan on Haematology,
Innate Immunity and Disease Resistance of Asian Seabass Lates calcarifer (Bloch).
Aquaculture Research, 2012, 1-11.

Zhu F, Quan H, Du H, and Xu Z. The Effect of Dietary Chitosan and Chitin
Supplementation on the Survival and Immune Reactivity of Crayfish, Procambarus
clarkii. Journal of The World Aquaculture Society. 2010; 41(S2) : 284-290.

Salaah SM, El-Gaar, DM, Gaber HS. Potential effects of dietary chitosan against lead-
induced innate immunotoxicity and oxidative stress in Nile tilapia (Oreochromis
niloticus). Egyptian Journal of Aquatic Research . 2021. DOI:10.1016/j.ejar.2021.10.004

Najafabad, MK, Imanpoor MR, Taghizadeh V and Alishahi A. Effect of dietary chitosan
on growth performance, hematological parameters, intestinal histology and stress



resistance of Caspian kutum (Rutilus frisii kutum Kamenskii, 1901) fingerlings. J. Fish
Physiol Biochem. 2016. DOI: 10.1007/s10695-016-0197-3.

42. Gopalakannan A, Arul V. Immunomodulatory effects of dietary intake of chitin, chitosan
and levamisole on the immune system of Cyprinus carpio and control of Aeromonas
hydrophila infection in ponds. Aquaculture. 2006; 255(1-4):179-87.



