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Abstract 
The effect of chitosan incorporated into feed formulation on the growth, feed utilization, body 
composition and histological response of sea bass (Dicentrarchus labrax) was investigated. Final 
fish weight, feed conversion ratio (FCR), specific growth rate (SGR), protein efficiency ratio (PER), 
protein productive value (PPV), and energy utilization (EU) of sea bass feed chitosan supple-
mented diet and the control diet were determined at the end of experiment. Data presents mean ± 
SD from triplicate determination (n = 3) for 75 days feeding trial. Different concentrations (0.5, 1.0, 
2.0, 3.0 & 4.0) and control without chitosan incorporated with total fish feed in the form of dry di-
ets were fed for 75 days. Average final weight (FW) was significantly higher at diet 3 (1 g∙kg−1 chi-
tosan) and the lowest in control fish group, specific growth rate (SGR) was significant at diet 3. Al-
so, protein efficiency ratio (PER), protein productive value (PPV), and energy utilization (EU) 
showed the same trend. The chemical body composition, crude protein, dry matter, crude fat and 
ash were significant (P ≤ 0.01) different compared to control groups. The present investigation 
suggested that the chitosan incorporated into diets of sea bass fish certainly enhanced the non 
specific responses and reduced mortality and also improved the growth performance of fish. 
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1. Introduction 
Fish farming is acknowledged as an important and substantial part of the global fishing industry. The aquacul-
ture industry in Egypt has been developed and well sustained within the last few decades. Accordingly, aqua-
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culture production has continued on an upward trend to reach 1,385,804 tons in 2012 [1]. Among the marine- 
culture commodities, the sea bass is the most popular fish species, production of which in the Egyptian aquacul-
ture industry has increased exponentially from 15,228 tons from 2000 to 2012. The development of environ-
mental-friendly technologies to improve the quality of aquaculture fish production is broadly accepted. There-
fore, attempts have been made to develop fish feeding pellets that generate less water pollution and improve the 
health of fish.  

Chitosan, a deacetylated chitin, is widespread in nature. The exoskeletons of arthropods such as crabs, 
shrimps, insects, and other marine creatures in the crustacean family are good sources of chitosan [2]-[4]. Chi-
tosan is a natural alkaline polysaccharide with positive charges, and also one of the most abundant natural po-
lymers [5]-[7]. As a nontoxic, biodegradable carbohydrate polymer [8] it contains amino and hydroxyl groups 
per residue [9] which gives chitosan many biological activities, such as haemostatic [10], anti-inflammatory [11], 
antitumor activity [12] [13], antimicrobial activity [15], hypoglycemic and hypo cholesterolemic activity [16] 
[17] and an immune-stimulatory effect [18] [19].  

Chitosan has become a new candidate as a growth-promoter for farm animals. Previous experiments involving 
piglets and broilers have demonstrated that chitosan improves growth performance of animals [20]-[23]. But the 
mechanism was not understood completely. 

The effect of dietary chitosan on fish growth has not received much attention. The present study was per-
formed to gather information on the effects of dietary chitosan on the growth, feed efficiency and survival of sea 
bass.  

2. Material and Methods 
2.1. Experimental Diets 
Formulation and proximate composition of the experimental diets are presented in Table 1 (Chitosan was ob-
tained from National Institute of Oceanography and Fisheries Alexandria) was included in the diet at (0.5, 1.0, 
2.0, 3.0 & 4.0 g∙kg diet−1) and control without chiotosan based on the best results obtained before, in terms of 
growth performance, feed utilization and survival. All the dry ingredients were mixed thoroughly. Fish oil, vi-
tamin and mineral mixture and chitosan were separately mixed and gradually added to dry mixture. The other 
materials were finely ground in a house blender and used in the formulation of six experimental diets isonitrogen-
ous (451 g∙kg−1) and isocaloric (49.5 kcalg−1). The experiment was designed in a one way design. Different con-
centration 0.5, 1.0, 2.0, 3.0 & 4.0 g∙kg diet−1 of chitosan and control without chitosan are incorporated with total 
fish feed in the form of dry diets for 75 days as described in Table 1. Warm distilled water (45˚C) which was 
slowly added until the diets began to clump. Diets were processed by a mincer with die into 3 mm diameter, 
spaghetti-like strands, sun- dried and stored in air tight containers. The experimental fish were fed the test diets 
for tow week as adaptation period to adapt them to these test diets. After the adaptation period was completed, 
fish in each aquarium were reweighed, and their initial weights were recorded. Fish in each aquarium were fed 
twice daily (six days a week) at a rate of 15% of body weight for the first 30 days then decreased to 12% for 15 
days then to 10% and 8% for the rest of experimental period. The experimental work of the present study was 
carried out at the Department of Fish Nutrition, National Institute of Oceanography & Fisheries Alexandria 
Branch, Egypt. The dried pellets were then broken into small pieces, packed in airtight polythene bags and 
stored in a refrigerator until feeding. The required quantity of the diets were thawed and mechanically broken 
into small particles and then fed to fishes. 

2.2. Culture Condition 
Sea bass (Dicentrarchus labrax) fry obtained from Fish Hatchery, National Institute of Oceanography & Fishe-
ries Alexandria Branch, Egypt were used in the present study. Fish were placed randomly in fifty four glass 
aquaria with dimensions of 100 × 40 × 40 cm and 120 L capacity of sea water per aquarium, three replicates per 
treatment were used in this study. Each aquarium stocked with twenty fry of Sea bass with an average initial 
body weight of 0.21 ± 0.01 g fish. Each aquarium was cleaned daily in order to prevent accumulation of fecal 
materials and reduce the growth of algae, and the same amount of fresh sea water was used to refill the aquaria. 
Water was partially changed once every three days using fresh sea water. Aeration was continuously provided 
using an air blower.  
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Table 1. Composition of a diet similar to a high quality commercial sea bass diet and experimental diets supplemented with 
various percentage of Chitosan feed to fry. 

Ingredients (%) 
Diets 

1 2 3 4 5 6 

Fish meal (C.P.70%) 
Soybean meal (C.P.44%) 
Yellow corn meal 
Rice bran 
Fish oil 
Sunflower oil 
Vit. & Min premix1 
Calcium diphosphate 
Molasses2 
Colin 
Vitamin C 
Lysine 
Methionine 
Antitoxins 
Enzymes 
Chitosan (g/kg) 
Proximate analyses (%)3 
Dry matter 
Crude protein 
Crude fat 
Ash 
Crude fiber 
NFE4 
Gross energy Kcal 
N:C ratio (mg cp:kcal) 

50.0 
19.0 
7.0 

11.7 
3.0 
3.0 
2.0 
1.0 
2.0 
0.2 
0.3 
0.3 
0.3 
0.1 
0.1 
--- 

 
93.5 
45.1 
10.9 
10.2 
3.3 

30.5 
496.4 
90.1 

50.0 
19.0 
7.0 

11.7 
3.0 
3.0 
2.0 
1.0 
2.0 
0.2 
0.3 
0.3 
0.3 
0.1 
0.1 
0.5 

 
93.2 
45.1 
10.9 
10.4 
3.4 

30.1 
495.2 
91.1 

50.0 
19.0 
7.0 

11.7 
3.0 
3.0 
2.0 
1.0 
2.0 
0.2 
0.3 
0.3 
0.3 
0.1 
0.1 
1 
 

95.4 
45.1 
10.9 
10.1 
3.5 

30.4 
496.8 
90.8 

50.0 
19.0 
7.0 

11.7 
3.0 
3.0 
2.0 
1.0 
2.0 
0.2 
0.3 
0.3 
0.3 
0.1 
0.1 
2 
 

92.3 
45.1 
10.7 
10.4 
3.8 

30.0 
494.8 
91.1 

50.0 
19.0 
7.0 

11.7 
3.0 
3.0 
2.0 
1.0 
2.0 
0.2 
0.3 
0.3 
0.3 
0.1 
0.1 
3 
 

92.3 
45.2 
10.5 
10.4 
3.8 

30.1 
493.6 
91.6 

50.0 
19.0 
7.0 

11.7 
3.0 
3.0 
2.0 
1.0 
2.0 
0.2 
0.3 
0.3 
0.3 
0.1 
0.1 
4 
 

96.4 
45.1 
10.6 
10.0 
4.1 

30.2 
495.6 
91.0 

1Vitamin and mineral premixed according to [44]. 2Molasses was used as a binder and attractant according to [45]. 3Values represent the mean of 
three sample replicates. 4NFE = 100 − (% protein + % fat + %fiber + % ash). 

2.3. Analyses 
The proximate composition and gross energy content of the diets were ascertained. Dry matter, crude protein, 
crude fat, crude fiber, ash and nitrogen free extract (NFE) were analyzed according to [24]. 

At the end of 75 days of growth study, fish per tank were collected for analysis. Fish were homogenized for 
whole body analysis and frozen at −18˚C. The homogenized samples were oven dried at 100˚C for 24 hrs. 
Chemical analyses of whole body, Moisture protein, lipid, and ash were performed according to standard [24] 
methods and gross energy (Ballistic bomb calorimeter, Gallenhamp, England). 

All fish were sacrificed to obtain intestine. Intestine were fixed in Bouin’s solution [25] for 24 hours and then 
transferred to alcohol (70%). After conventional histological processing, sections (5 - 7 μm thick) were stained 
with haematoxylin and eosin and observed under a light microscope (Leica DM500). Assessment of gonad de-
velopment followed the description of [26]. 

2.4. Water Quality 
Water quality parameters (temperature, dissolved oxygen, pH, ammonia, nitrate and nitrite) were monitored to 
ensure water quality remained well within limits recommended for Sea bass. Water temperature and dissolved 
oxygen were measured every other day using an YSI Model 58 oxygen meter (Yellow Springs Instruments, 
Yellow Springs, OH). Ammonia and nitrite were measured at wkly intervals using the titration methods of Gol-
terman; [27] pH was monitored twice weekly using an electronic pH meter (pH pen Fisher Scientific, Cincinnati, 
OH). During the feeding trial, the water quality parameter averaged (±SD): water temperature 27.8˚C ± 0.8˚C 
dissolved oxygen 4.8 ± 0.4 mgl−1; pH 7.4 ± 0.6; ammonia ± 0.04 mgl−1; nitrite 0.1 ± 0.05 mgl−1; nitrate 1.5 ± 0.2 
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mgl−1; Salinity 35.4 ± 1.6 gl−1. 

2.5. Growth Parameters and Statistical Analysis 
Calculations of growth parameters were conducted according [28]. Data were analyzed by analysis of variance 
(ANOVA) using the SAS ANOVA procedure [29] Duncan’s multiple range tests were used to compare differ-
ences among individual means. Treatment effects were considered significant at P < 0.05. All percentages and 
ratio were transformed to arcsine values prior to analysis [30]. 

3. Results 
3.1. Growth Performance 
The results of means final body weight (FBW), specific growth rate (SGR), gain weight (GW), relative growth 
rate (RGR) and survival rate are presented in Table 2. At the start of the experiment, there were no significant 
differences (P ≤ 0.05) in average initial body weight, which indicates that there was homogeneity among these 
groups. At the end of the experiment, the average FBW and SGR (% per day) showed that the groups of fish fed 
diet 3 supplement with 1 g∙kg diet−1 chitosan significantly (P ≤ 0.05) higher values of FBW (Figure 1 & Figure 
2) and also, SGR compared with groups of fish fed control diet 1 (without chitosan) and other-based diets (2, 4 - 
6 g∙kg diet−1 chitosan) respectively. Among diets containing chitosan, the response of fish to increasing levels of 
dietary chitosan was linear. At the higher levels of dietary chitosan (above 1 g∙kg diet−1), there were no linear 
increase in FBW and SGR.  
 

 
Figure 1. Effects of Chitosan on growth rate of sea bass. 

 

 
Figure 2. Effects of Chitosan on final weight of sea bass. 
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3.2. Feed Utilization Efficiency 
The effect of dietary treatments on feed utilization of sea bass fry were shown on Table 3. The fish that fed on 
the diets 3 showed significantly the highest feed intake ratio (FI, g/fish) compared to fish fed on the diet 6 which 
had significantly the lowest FI value. Groups of fish fed diet 3 & 4 (1 & 2 g∙kg diet−1 chitosan) had significantly 
(P ≤ 0.05) the best values for FCR, PER. The poorest results were recorded with groups of fish fed diet 1 & 2 (0 
& 0.5 g∙kg diet−1 chitosan). Protein productive value (PPV) was significantly (P ≤ 0.5) differences between fish 
fed on control and supplemental diets, but generally improved PPV was observed in sea bass fed on diet 3 sup-
plemented with 1.0 g∙kg−1 chitosan followed with fish fed diet 4 (2.0 g∙kg−1 chitosan). For energy gain (kcal) and 
energy utilization values, recorded the same trend of PPV. 

3.3. Proximate Composition of Whole Fish 
Chemical compositions of whole fish at the end of the duration of the experiment are shown in Table 4 results 
demonstrate that whole-body moisture, crude protein, crude fat and energy content were significantly influenced 
by chitosan supplementation. The results of whole-body proximate analysis, expressed on a wet basis %, for sea 
bass fed experimental diets averaged (±SD): dry mater, 29.2 ± 1.9; crude protein, 16.3 ± 1.1; crude fat, 5.3 ± 0.5; 
energy content 487.3 ± 10.5 kcal (100 g−1); crude ash 5.9 ± 0.8. There was a significant (P ≤ 0.05) change in ash 
content associated with diets supplemented with different levels of chitosan. 

A general tendency of increased crude protein was observed in all treatments evident by increasing growth 
rate and age. This increase was remarkably were higher in fish fed on diet 3, followed by fish fed on diet 4, and  
 
Table 2. Effects of Chitosan on growth performances of Sea bass fed control diet and the experimental diets 2 - 6 supple-
mented with various levels of Chitosan. 

Diets 
Average (g/fish) 

Gain (g/fish) ADG 
(g/fish/day) SGR (%/day) RGR (%) Survival (%) 

Initial Final 

1 
2 
3 
4 
5 
6 

0.22 ± 0.01 
0.23 ± 0.23 
0.22 ± 0.01 
0.23 ± 0.01 
0.21 ± 0.01 
0.22 ± 0.01 

3.24 ± 0.3c 
3.7 ± 0.1b 
4.3 ± 0.2a 
4.2 ± 0.1a 

3.8 ± 0.6ab 
3.8 ± 0.1a 

3.04 ± 0.3d 
3.47 ± 0.1c 
4.12 ± 0.2a 
3.97 ± 0.1a 
3.82 ± 0.3ab 
3.71 ± 0.2b 

0.04 ± 0.01c 
0.05 ± 0.01b 
0.06 ± 0.02a 
0.05 ± 0.01b 
0.05 ± 0.01b 
0.05 ± 0.01b 

3.73 ± 0.14c 
3.71 ± 0.02c 
3.98 ± 0.03a 
3.87 ± 0.05a 
3.92 ± 0.05a 
3.78 ± 0.05b 

1544.3 ± 62.0d 
1609.5 ± 28.5d 
1985.3 ± 53.8a 
1827.7 ± 67.4bc 
1889.6 ± 73.7ab 
1702.2 ± 62.8c 

90.0 ± 5.0b 
93.0 ± 2.9b 
100.0 ± 0.0a 
93.33 ± 2.9b 
86.67 ± 2.9c 
85.0 ± 0.0c 

F 
M.S. 

1.7 
 

5.16** 
0.084 

10.3** 
0.0436 

11.13** 
0.000007 

10.9** 
0.0047 

11.91** 
292 

10.57** 
8.33 

1Values are mean ± standard deviation. Values in the same column with same superscripts are not significantly different. IBW, initial body weight. 
FBW, final body weight. SGR (% per day), specific growth rate = (ln FBW/ln IBW)/time days /75). 
 
Table 3. Effects of Chitosan on feed utilization of Sea bass fed control diet and the experimental diets 2-6 supplemented 
with various levels of Chitosan. 

Diets Feed intake 
g/fish FCR PER PPV% Energy gain 

(kcal) 
Energy  

utilization 

1 
2 
3 
4 
5 
6 

7.82 ± 0.06d 
8.03 ± 0.1b 
8.53 ± 0.45a 
8.23 ± 0.09a 
8.36 ± 0.16a 
7.55 ± 0.07c 

2.6 ± 0.29a 
2.3 ± 0.04b 
2.1 ± 0.05b 
2.1 ± 0.05b 
2.2 ± 0.1b 

2.1 ± 0.05b 

0.86 ± 0.1d 
0.96 ± 0.02c 
1.06 ± 0.03a 
1.07 ± 0.03a 
1.01 ± 0.05b 
1.05 ± 0.02a 

15.5 ± 1.9b 
16.8 ± 0.7ab 
17.4 ± 0.8a 
17.1 ± 0.6a 
17.3 ± 0.2a 
15.5 ± 0.7b 

5.17 ± 0.6b 
5.26 ± 0.2b 
5.67 ± 0.5a 
5.4 ± 0.1ab 
5.92 ± 0.3a 
4.74 ± 0.2c 

12.8 ± 1.4 
13.6 ± 0.4 
13.8 ± 0.8 
13.7 ± 0.2 
14.8 ± 0.7 
13.2 ± 0.6 

F 
S 

9.42** 
0.0421 

7.42** 
0.0175 

8.5** 
0.0023 

2.46 
0.949 

3.68** 
0.135 

2.31 
NS 

1Values are mean ± standard deviation. * = (P ≤ 0.05) **= (P ≤ 0.01). Values in the same column with same superscripts are not significantly different. 
FCR, feed conversion ratio = dry feed fed/body weight gain. FER = feed efficiency ratio. PER = protein efficiency ratio. 
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fish fed on diet 5 & 6 and control diets had the lowest crude protein content. Similarly, results for dry mater 
percentage decreased with increasing levels of chitosan then dry matter increased at diet 6 containing 4 g∙kg−1 
chitosan. Fat decrease with increasing chitosan level and reach higher level of fish fed on diet 5 contain 3 g∙kg−1 
chitosan. Ash content showed the same trend of protein and fat content. Energy content increased with increas-
ing chitosan levels and reach maximum at diet 4 (2 g∙kg−1 chitosan). 

3.4. Histological Analysis  
At the end of the experiment, the microscopic structure of sea bass intestines as affected by different levels of 
chitosan supplement is shown in Table 5 & Figure 3 is represented for fish groups fed on diets 1 - 6 and ap-
peared in the fish group fed on diets 3 & 4 (developed Microvillus). Those different stages of villus maturity as a 
result effect of various levels of chitosan which reach maximum maturity (developed stage) when fish were fed 
on diet 3, supplemented with 1 g∙kg−1 chitosan. 

Dietary chitosan quadratically increased the ratio of villus height to crypt depth in duodenum on d 1.4 (P < 
0.05) and 2.8 (P < 0.01), meanwhile, quadratically decreased (P < 0.01) crypt depth in duodenum on d 2.8. Diets 
supplemented with increasing levels of chitosan increased quadratically the villus height of jejunum on d 1.4 (P = 
0.089) and 2.8 (P = 0.074), and the ratio of villus height to crypt depth on d 1.4 (P = 0.055) and 2.8 (P < 0.01), 
however, decreased linearly (P < 0.05) or quadratically (P < 0.01) the crypt depth on d 2.8. In addition, dietary 
chitosan quadratically increased the villus height and the ratio of villus height to crypt depth in ileum on d 1.4 (P < 
0.01, P < 0.01) and 2.8 (P < 0.01, P < 0.01), however, linearly (P < 0.05) and quadratically (P < 0.05) decreased 
crypt depth on d 1.4 and quadratically (P < 0.05) decreased crypt depth on d 2.8. 
 
Table 4. Initial and final whole body composition (wet weight basis) of Sea bass fed control diet and 2-6 diets supplemented 
with Chitosan as feed attractant. 

Diets Dry matter Crude protein Crude fat Ash Gross energy(kcal) 

1 

2 

3 

4 

5 

6 

32.2 ± 0.2a 

30.3 ± 0.5b 

27.2 ± 1.0c 

27.8 ± 0.5c 

30.2 ± 1.1b 

27.6 ± 1.2c 

14.57 ± 0.1d 

17.05 ± 0.5a 

17.51 ± 0.3a 

16.92 ± 0.4ab 

16.05 ± 0.6b 

15.63 ± 0.2c 

5.86 ± 0.08a 

5.41 ± 0.16b 

4.77 ± 0.17c 

4.74 ± 0.15c 

5.87 ± 0.19a 

5.16 ± 0.1b 

6.71 ± 0.1a 

6.21 ± 0.14b 

5.4 ± 0.11c 

6.72 ± 0.15a 

5,59 ± 0.43c 

4.6 ± 0.14d 

475.3 ± 5.9c 

488.6 ± 0.3ab 

498.6 ± 0.9a 

477.9 ± 11.1c 

500.3 ± 14.9a 

483.2 ± 7.5b 

F 
S 

18.0** 
0.663 

22.66** 
0.156 

35.89** 
0.0210 

47.18** 
0.0437 

4.53 
* 

Means in the same row bearing different superscripts differ significantly at 0.05 levels. Values are means ± SD (N = 3 for whole wet body composi-
tion). initial whole body composition were as follows: dry matter 20.56 ± 0.4, crude protein 10.12 ± 0.1, crude fat 2.2 ±0.1, ash 3.9 ± 0.01, and gross 
energy 105.48 ± 1.51 kcal/100 g. 
 
Table 5. Microvilli structure in terms of length of posterior gut of Sea bass fed on diets supplemented with Chitosan. 

Diets 
Microvilli length (µm) 

Max length Min length Mean Angle 

1 (control) 

2 (0.5) 

3 (1.0) 

4 (2.0) 

5 (3.0) 

6 (4.0) 

155.10 ± 12.2c 

205.40 ± 16.2b 

251.91 ± 12.4a 

251.96 ± 10.3a 

254.11 ± 13.4a 

273.16 ± 17.5a 

51.63 ± 5.30c 

85.51 ± 6.10c 

97.51 ± 7.2b 

101.17 ± 6.5ab 

110.24 ± 5.90a 

91.93 ± 7.10bc 

103.36 ± 8.75c 

145.46 ± 11.15b 

174.71 ± 14.1a 

176.57 ± 12.9a 

182.18 ± 13.6a 

182.54 ± 15.1a 

-3.48 ± 4.5d 

0.57 ± 3.8d 

12.4 ± 6.1c 

92.14 ± 5.2a 

27.9 ± 7.1b 

10.68 ± 2.0c 

F 
MS 

29.87** 
193 

30.70** 
40.08 

18.04** 
163 

149.45** 
25.2 

Different letters within a line denotes significant differences (P < 0.05). Values expressed in mean ± SD. 
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Figure 3. Light photomicrograph of intestine sections (H 
&E) sea bass (Dicentrarchus labrax L) fed on diets sup-
plemented with chitosan, showing normal villus structure 
in intestine in all treatments. 

4. Discussion 
The weaning period is one of the most stressful phases after newly fish hatching and fry development inducing 
digestive disorder, intestinal barrier dyes functions and impaired performance [31]-[33]. An improvement in fish 
growth performance for economic purposes can be achieved by enhancing growth rate. One of the strategies to 
reduce weanling stress is to provide a specific feed additive, such as chitosan. In the current study, chitosan was 
effective in increasing weight gain of weaned sea bass, which was in agreement with established literature 
[20]-[23].  

Growth in sea bass is regulated in large part by the brain neuroendocrine GH-IGFs axis [34]. GH can influ-
ence skeletal and muscle growth via direct and indirect effects on protein, lipid and carbohydrate metabolism 
[35] and fulfill its function of growth promotion through improving the production of IGF-I. IGF-I can stimulate 
amino acid uptake and protein synthesis in muscles and can greatly reduce the rate of protein breakdown within 
muscle fibers [36]. The causes of this result are unclear and require further experimentation to solve.  

The small intestine is the main place for digestion and absorption of nutrients, and the intestinal mucosa plays 
an important role in these processes. Weanling stress can result in relatively quick changes in the intestinal mu-
cosa morphological structure, which lead to a reduction in villus height and an increase in crypt depth [37]. Ab-
normal intestinal morphological structure is usually associated with retarded growth of weanling sea bass fry. A 
shortening of the villus decreases the surface area for nutrient absorption, which leads to poor nutrient absorp-
tion and reduced performance [38]. In our study the villus length increased with increasing chitosan levels and 
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reached maximum at concentration levels 1 & 2 g∙kg diet−1 as shown in Table 5 and Figure 3. The crypt is the 
area where stem cells divide to permit the renewal of the villus, and a large crypt indicates fast tissue turnover 
and a high demand for new tissue [39]. The ratio of villus height to crypt depth is a useful criterion for estimat-
ing the digestive capacity in the small intestine [40]. In agreement with the improved performance in sea bass, 
chitosan resulted in an improvement of intestinal morphological structure, as indicated by the increased small 
intestinal villus height and the ratio of villus height to crypt depth, and the decreased small intestinal crypt depth 
of sea bass in this study when fed on control and diet 2. Similar results were also reported by other investigators 
[41] [42]. It is well known that pathogenic germs such as coliforms can destroy the normal morphology of small 
intestinal mucosa. Our previous study indicated that dietary chitosan could inhibit the proliferation of E. coli in 
the intestine, and improve gut microecology [43]. Furthermore, chitosan provided a beneficial environment for 
the proliferation of enterocytes, preventing intestinal atrophy [42]. Those studies show that the application of 
chitosan in diets has promoted the health of epithelium as well as the micro villi of the gut indicated by a more 
complicated architectural gut structure with longer villi, and hence a large surface area for nutrient absorption. 

From the results of this study, it can be concluded that chitosan supplementation in diets of sea bass is helpful 
in improving growth rate, and the improvement mechanism may be partly attributed to increased GH concentra-
tion in serum and ameliorated morphological structure of small intestine. The optimal response occurred at 1 
g∙kg diet−1 chitosan. 
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