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Introduction

Aguaculture is increasingly vital for meeting the protein needs of a growing global population.
Successful production relies on efficient feed, which accounts for 60% of costs, and the development
of high-quality products. Disease management in aquaculture is challenging due to factors like poor
nutrition and environmental conditions, making prevention more critical than treatment (Ndashe et al.,
2023). Current strategies focus on using immune stimulants and additives, such as organic acids,
probiotics, and prebiotics, to enhance fish health and resilience against diseases (Dawood et al., 2018).
The use of natural growth stimulants like chitin, chitosan, and lactoferrin has surged due to their
economic benefits and minimal environmental impact. These substances not only improve immune
responses but also enhance the antibacterial activity of phagocytic cells, contributing to sustainable
aquaculture practices. Overall, the shift towards these natural alternatives reflects a growing
recognition of their value in promoting fish health and reducing reliance on chemical treatments.
Chitosan is a biodegradable and biocompatible polysaccharide derived from glucosamine through the
deacetylation of chitin, predominantly found in the exoskeletons of crustaceans, particularly shrimp
shells. It offers numerous benefits in aquaculture, notably enhancing fish health and growth. Chitosan
stimulates the immune system by increasing levels of immunoglobulin M (IgM) and lysozyme
activity, which improves disease resistance. It also boosts antioxidant capacity by enhancing the
activity of enzymes like superoxide dismutase (SOD) and catalase (CAT), thereby reducing oxidative
stress. Additionally, chitosan promotes gut health by increasing intestinal villi length and digestive
enzyme activity, facilitating better nutrient absorption (Mukarram et al., 2023; Zhang et al., 2024).
Moreover, chitosan can chelate heavy metals such as cadmium, mitigating their toxic effects on fish,
and its antibacterial properties help maintain gut microbiota balance by preventing pathogenic bacteria
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while promoting beneficial ones. Overall, dietary chitosan supplementation has been shown to
enhance growth, health, and stress resistance in various fish species, making it a valuable additive in
aquaculture. In the context of sturgeon (Huso huso) farming in Iran, reducing juvenile fish mortality
and increasing growth rates are critical for economic efficiency, highlighting the importance of
suitable diets and micronutrient balance to enhance immune function and production efficiency.
Methodology

The extraction of chitosan from shrimp shells was carried out through four stages: demineralization,
deproteinization, decolorization, and deacetylation. 1260 fish (2.87 + 0.07 g) after passing the
acclimatization period, were fed in 18 tanks with six experimental diets, including control diet
(without chitosan, T1), 0.15% (T2), 0.3% (T3), 0.45% (T4), 0.6% (T5) and 0.75% (T6) of chitosan
(n=3) for 12 weeks. Then all growth indices such as final weight, growth rate, Protein Efficiency
Ratio, and FCR, immunological parameters like lysozyme, ACH50, total immunoglobulin, and IgM
were measured. The body composition also was measured after 12 weeks.

Results

The final body weight and body weight gain in treatments containing 0.45%, 0.6%, and 0.75%
chitosan were significantly higher compared to the control, 0.15% and 0.3% chitosan treatments. The
specific growth rate significantly increased with the higher levels of chitosan, and no significant
difference was observed in the group fed with 0.15% chitosan compared to the control group. The
hepatosomatic index significantly improved in all chitosan-fed treatments compared to the control
group (P<0.05). The feed conversion ratio significantly improved with increasing levels of chitosan
compared to the control group. The protein efficiency ratio also increased in the treatments fed with
0.45%, 0.6%, and 0.75% chitosan compared to the control group, but no significant differences were
found in the treatments fed with concentrations of 0.15% and 0.3% chitosan (P>0.05). The lowest
carcass protein level was observed in the control treatment, which showed a statistically significant
difference compared to the carcass protein levels of other treatments, except for the 0.15% chitosan
treatment (P < 0.05). The carcass protein levels in the 0.45%, 0.6%, and 0.75% chitosan treatments
were the highest, but no significant differences were observed among them. The carcass fat level in the
0.45%, 0.6%, and 0.75% chitosan treatments was significantly lower compared to the control group
(P<0.05). With the increase in chitosan concentration in the diets, the serum lysozyme levels
significantly increased except for the group consuming 0.15% chitosan (P<0.05). The results obtained
from the complement activity (ACH50) measurements showed that with the increase in chitosan levels
in the diet, this indicator significantly increased in the serum (P<0.05). The total serum
immunoglobulin and IgM levels, also increased significantly compared to the control group (P<0.05).
Discussion and conclusion

Chitosan, has gained attention in aquaculture for its potential as a growth promoter and
immunostimulant. Research indicates that dietary chitosan enhances growth performance, feed
efficiency, and immune responses in various fish species, including Nile tilapia, common carp, and
golden pompano. Optimal chitosan levels, typically ranging from 0.5% to 2%, have been shown to
improve weight gain, feed conversion ratios, and overall health status by promoting gut health and
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enhancing digestive enzyme activities. Studies also highlight chitosan's role in modulating serum
biochemical parameters, reducing fat accumulation in the liver, and improving intestinal morphology.
The balance of chitosan dosage is crucial, as it can enhance beneficial bacteria while inhibiting
harmful ones, thereby supporting the fish's immune system. Overall, chitosan represents a promising,
eco-friendly alternative to antibiotics in aquaculture, contributing to sustainable fish farming practices
while improving the health and productivity of cultured species. Chitosan also enhances nonspecific
immunity and reduces mortality in fish, as evidenced by studies on common carp (Magsood et al.,
2010). However, its effects on feed consumption and conversion ratios can vary, with some studies
showing no significant impact on these parameters despite improvements in liver health (Stanek et al.,
2023). Overall, chitosan's role in aquaculture highlights its potential as a dietary supplement to
improve fish health, growth, and resistance to environmental stressors. Serum parameter
measurements are crucial for assessing the metabolic and physiological health of fish, particularly in
aquaculture where they are susceptible to opportunistic bacterial infections. Lysozyme activity, an
indicator of immune health, was found to increase with dietary chitosan levels. Research indicates that
chitosan enhances lysozyme activity across various fish species, including loach, cobia, silver carp,
vannamei shrimp, and rainbow trout. Additionally, chitosan supplementation in diets for beluga
sturgeon and hybrid sturgeon also boosted lysozyme levels. Chitosan's immune-boosting effects are
attributed to its ability to scavenge free radicals, enhancing innate immunity. Complement activity,
vital for non-specific immune responses, also increased in fish like Nile tilapia and mrigal when fed
chitosan. However, responses to chitosan vary by species and concentration, with some studies
indicating potential negative effects at higher doses. Furthermore, IgM levels, a key immunoglobulin
in fish, significantly increased with chitosan supplementation, reinforcing its role in adaptive
immunity. Overall, optimal chitosan levels in fish diets can significantly enhance immune responses
and health. The increase in IgM levels with dietary chitosan is not fully understood, necessitating
further research to clarify the mechanisms involved (Salam et al., 2024). Studies indicate that chitosan
enhances IgM and total protein levels in fish, such as rainbow trout and golden pompano, although
excessive chitosan (10 g/kg) can reduce these benefits (Yu et al., 2023). In tilapia, IgM levels
increased significantly up to 1.5% chitosan but decreased at 2% (Zhang et al., 2024). Additionally,
recombinant chitosan nanoparticles show promise as alternatives to antibiotics in aquaculture,
potentially enhancing disease resistance. This research supports using chitosan in beluga fry diets to
improve growth and immune performance while reducing antibiotic reliance, particularly at levels of
0.45% to 0.6%, which positively affected growth, body composition, and immune parameters.
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Table 1: Feed components and chemical composition of experimental diets containing different levels of chitosan

Feed Control T2 T3 T4 TS T6
(0.15% (0.3% (0.45% (0.6% (0.75%
components% . : . : .
chitosan) chitosan) chitosan) chitosan) chitosan)
Fish meal 46 45.85 457 45.55 454 45.25
Soybean meal 10 10 10 10 10 10
Wheat flour 15 15 15 15 15 15
Wheat gluten 7 7 7 7 7 7
Corn gluten 6 6 6 6 6 6
Poultry meal 3 3 3 3 3 3
Lecithin 15 15 15 15 15 15
Fish oil 5 5 5 5 5 5
Starch 3 3 3 3 3 3
Sodium 0.5 05 05 0.5 0.5 0.5
bicarbonate
Chitosan 0 0.15 0.3 0.45 0.6 0.75
Threonine 1 1 1 1 1 1
Vitamin premix* 1 1 1 1 1 1
Mineral premix* 1 1 1 1 1 1
Chemical
analysis
Crude protein 43.3 435 43.4 435 43.6 43.2
Crude Fat 13.2 135 13.2 134 134 135
Ash 8 8 8 8 8 8
Fiber 1 1 1 1 1 1

*Vitamin premix (measured in 1U or milligrams per kilogram of feed):

D-alpha-tocopherol acetate 60 IU, D-alpha-cholecalciferol 3000 U, thiamine 15 mg/kg, riboflavin 30 mg/kg, pyridoxine 15
mg/kg, vitamin B12 0.05 mg/kg, nicotinic acid 175 mg/kg, folic acid 5 mg/kg, ascorbic acid 500 mg/kg, inositol 1000 mg/kg,
biotin 2.5 mg/kg, calcium pantothenate 50 mg/kg.

*Mineral premix (milligram or gram per kilogram of feed):

Calcium Carbonate: 15.2 (g/kg), Magnesium Oxide: 1.24 (g/kg), Ferric Citrate: 0.2 (g/kg), Potassium lodide: 0.4 (mg/kg),
Copper Sulfate: 0.3 (g/kg), Manganese Sulfate: 0.3 (g/kg), Dicalcium Phosphate: 5 (g/kg), Cobalt Sulfate: 2 (mg/kg), Sodium
Selenite: 3 (mg/kg), Potassium Chloride: 0.9 (g/kg), Sodium Chloride: 0.4 (g/kg)
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Table 2: Comparison of growth indices of beluga sturgeon fingerlings fed different doses of chitosan in (Mean+SD;

Treatment
Parameters Control T2 (0.15% T3(0.3% T4 (0.45% T5 (0.6% T6 (0.75%
chitosan) chitosan) chitosan) chitosan) chitosan)

W1(g) 2.88 £ 0.05% 2.88 +0.092 2.86 £0.11° 2.86 £0.09? 2.87+£0.072 2.87+£0.072
W2 (g) 100.22 + 6.67° 104.30 £3.01° 11041458 122,17 £+6.40*°  131.00+5.62* 12258 +7.29?
BWG% 3378.71 £282.90P 352210 +171.67°  3762.74 + 166.91° 4180.07 + 206.79* 4474.25 + 299.48* 4174.02 + 159.45°

S.GR 4.22 £0.10° 4.27 +0.06" 4,35 +0.05° 4.47 £ 0.06° 4.55 +0.08? 4.47 £ 0.042

HSI 3.64 £ 0.05% 2.99 +0.02° 3.16 £ 0.26° 3.05 +0.08° 3.16 £0.04° 2.99 +0.04°

FCR 1.28 £0.062 1.22 £0.03% 1.17 £0.04° 1.06 £ 0.04¢ 0.99 £ 0.07¢ 1.07 £0.06°¢

PER 2.18 £0.11° 2.27 +£0.05° 2.38 £0.07° 2.62 £0.102 2.82 +£0.19° 2.60 £ 0.15°

ol 2o y0 O s )8 g IS gme cdimslis Jaw o o plies 8 By >
Different lowercase letters in the same row indicate statistically significant differences
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Table 3: Comparison of carcass composition of beluga sturgeon fingerlings fed different doses of chitosan in diets
during 12 weeks (Mean+SD; n=3)

Treatment
Parameters Control T2(0.15 T3(0.3% T4 (0.45% T5 (0.6% T6 (0.75%
chitosan) chitosan) chitosan) chitosan) chitosan)
Protein 1529 +0.10°  15.39+021% 15.69 + 0.25° 1621+026°  16.46+0.13*  16.36 + 0.08°
Lipid 7.67 +0.032 7.63 +0.16 7.48 +0.10% 7.28+0.11°  6.92+0.27° 6.79 +0.15°
Ash 2.30 +0.08° 2.83+0.172 2.51 +0.31% 2.84+0.30°  2.86+0.36° 2.86 £0.17¢
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Figure 1: Activity levels of lysozyme (A), ACH50 (B), Total immunoglobulin (C) and Ig M (D) factors of beluga
sturgeon fingerlings fed different doses of chitosan in diets during 12 weeks (Mean+SD; n=3)
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