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ABSTRACT

The purpose of this research is to find out the optimal dose of chitosan that is appropriate to be added to commercial 
feed in increasing the immune system of sangkuriang catfish fry, the fish fry used are 6-8 cm in size. April – June 
2021 was the time the research was carried out and the experimental method used in this study was a Completely 
Randomized Design (CRD) with five treatments and three replications. The treatment used was the addition of 
chitosan to 1 kg of feed with doses of 0 g (A), 2.5 g (B), 5 g (C), 7.5 g (D), and 10 g (E). Maintenance of test fish for 
14 days. Aeromonas hydrophila bacteria were used to infect fish with a density of 108 CFU/ml by immersing 20 ml 
in 20 liters of water for 14 days. White blood cells, leukocyte differential, clinical symptoms in fish body, survival 
rate and water quality were used as parameters in this research. The results showed that the addition of chitosan 
at a dose of 10 g (E) per 1 kg of feed was effective for improving the immune system performance of catfish fry. 
During 14 days of chitosan administration, the number of white blood cells in treatments A, B, C, and D increased 
by 3.2%, 7.07%, 18.31%, and 27.71%, respectively, while in treatment E (10 g) experienced the largest increase 
with 41.60%, from the value of 13.96 × 104 cells/mm3 to 23.90 × 104 cells/mm3. The treatment of chitosan 10 g 
(E) per 1 kg of feed showed the largest increase so it was an effective dose to stimulate differential leukocytes of 
catfish to improve the immune system, it was also marked by the fastest healing period of clinical symptoms and 
after the challenge test had the highest survival rate of 96.6%.
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ABSTRAK

Riset ini bertujuan untuk menentukan dosis optimum kitosan yang tepat untuk ditambahkan pada pakan komersil 
dalam meningkatkan sistem imun benih ikan lele sangkuriang, benih ikan yang digunakan berukuran 6-8 cm. 
April – Juni 2021 adalah waktu penelitian dilaksanakan dan metode eksperimen yang digunakan dalam penelitian 
ini adalah Rancangan Acak Lengkap (RAL) yang menggunakan lima perlakuan serta tiga ulangan.. Perlakuan 
yang digunakan adalah penambahan kitosan pada 1 kg pakan dengan dosis masing-masing 0 g (A), 2.5 g (B), 5 
g (C), 7.5 g (D), dan 10 g (E). Pemeliharaan ikan uji selama 14 hari. Bakteri Aeromonas hydrophila digunakan 
untuk menginfeksi ikan dengan kepadatan 108 CFU/ml dengan cara merendam 20 ml dalam 20 liter air selama 
14 hari. Parameter yang diamati meliputi sel darah putih, diferensial leukosit, gejala klinis, kelangsungan hidup 
dan kualitas air. Hasil riset menunjukkan bahwa penambahan kitosan dengan dosis 10 g (E) per 1 kg pakan efektif 
untuk meningkatkan performa sistem imun benih ikan lele. Selama pemberian kitosan 14 hari, jumlah sel darah 
putih pada perlakuan A, B, C, dan D berturut turut mengalami peningkatan sebesar 3.2%, 7.07%, 18.31%, dan 
27.71%, sementara pada perlakuan E (10 g) mengalami peningkatan terbesar dengan 41.60 % yaitu dari nilai 
13.96 × 104 sel/mm3 menjadi 23.90 × 104 sel/mm3. Perlakuan kitosan 10 g (E) per 1 kg pakan menunjukkan 
peningkatan terbesar sehingga merupakan dosis yang efektif  untuk  menstimulasi diferensial leukosit ikan lele 
untuk meningkatkan sistem imun, hal tersebut ditandai juga dengan masa penyembuhan gejala klinis tercepat dan 
tingkat kelangsungan hidup tertinggi setelah uji tantang yaitu sebesar 96.6%.

Kata kunci: Aeromonas hydrophila, kitosan, sistem imun, benih ikan lele sangkuriang

Original article DOI: 10.19027/jai.21.2.93-108



94 Mahatma Kresnha et al. / Jurnal Akuakultur Indonesia 21 (2), 93–108 (2022)

INTRODUCTION

Currently, Indonesia is increasing the 
fisCurrently, Indonesia is increasing the fishery 
sector, especially in the field of cultivation, this 
is motivated by the potential for the development 
of the fishery industry in the field of aquaculture. 
One of the fishery commodities that are suitable 
and much in demand for cultivation is sangkuriang 
catfish (Clarias gariepinus). In quarterly I-III 
Fish Production in 2017–2018, Catfish increased 
by 114.82% from 841.75 thousand tons to 
1.81 million tons (BPS, 2018). Data on catfish 
production in Indonesia according to the KKP in 
2020 is 993.768,29 tons (Statistik-KKP, 2020). 
This catfish species is widely cultivated because 
it has a wide market in Indonesia. In addition, 
catfish also has a high level of resistance to poor 
media so that farmers do not need to give special 
treatment in cultivating the catfish.

One of the most common obstacles in 
cultivation activities is the presence of disease. 
Infectious diseases are caused by viruses, bacteria, 
fungi and parasites. Aeromonas hydrophila is one 
of the bacteria that usually attacks freshwater 
fish, including catfish, as the cause of Motile 
Aeromonad Septicemia (MAS) disease, which 
is an acute or sub acute or chronic fish infection 
disease caused by Aeromonas hydrophila bacteria 
which is also known as red spot disease (Singha 
et al., 2018). According to Pramudita et al. (2013) 
a bacterial disease that often attacks catfish is 
Aeromonas sp. This disease is quite virulent, 
especially in catfish, because it can cause a death 
rate of more than 60% within 7 days. 

There needs to be an effort to prevent MAS 
using chitosan in fish that can increase body 
resistance which is quite effective, inexpensive, 
safe for the environment and safe for consumer. 
Chitosan is one of the fishery wastes derived 
from the skin or shells of crustaceans that 
have undergone a process of demineralization, 
deproteination, and deacetylation (Sukenda and 
Jamal, 2008). Potential antibacterial action of 
chitosan showed that gram-positive bacteria are 
stronger than gram-negative bacteria which are 
more susceptible to chitosan, but there are some 
research results showing that gram-positive 
bacteria have a higher sensitivity level to chitosan 
than gram-negative bacteria. (Ke et al., 2021). 
The effect of chitosan as immunostimulants can 
also be seen from the number of lymphocytes, 
monocytes, and neutrophils increased significantly 
in all groups during the experiment (Mari et al., 

2014).
The addition of 7.5 and 10 g/kg chitosan 

increased protection against Aeromonas 
hydrophila infection in Prussian carp (Chen et al., 
2014). Chitosan with optimum concentration (5 g/
kg and 7.5 g/kg) in feed can also increase lysozyme 
activity in the intestine so that it can withstand 
pathogenic bacteria in the intestine (Li et al., 2011). 
Meshkini et al. (2012) found that using chitosan at 
a concentration of 2.5 g/kg diet had a significant 
effect on hematological parameters and increased 
survival of rainbow trout (Oncorhynchus mykiss). 
The increase in leukocytes is thought to be due 
to the body’s resistance response to pathogens 
by increasing the activity of phagocytic cells 
that function to destroy foreign objects that enter 
the fish body, phagocytosis is the initial stage 
in the body’s defense mechanism (Sonida et 
al., 2014). Phagocytic cells will recognize and 
engulf antigenic particles, including bacteria and 
damaged host cells through three stages of the 
process, namely attachment, phagocytosis and 
digestion (Ode, 2013).

Based on the role of chitosan in increasing 
immunity, it is hoped that it can be an alternative 
solution for natural ingredients in an effort to 
prevent Motile Aeromonad Septicemia (MAS) 
disease, especially in sangkuriang catfish. The 
aim of this research is to observe the effectiveness 
of chitosan in increasing the body’s resistance 
of sangkuriang catfish against Aeromonas 
hydrophila.

MATERIALS AND METHODS

Experimental design
This study used a completely randomized 

design (CRD) with 5 treatments and 3 replications 
each. The treatment used was the addition of 
chitosan into the feed with a concentration of:
A : Control (without giving chitosan to feed)
B : 2.5 g of chitosan per 1 kg of commercial feed
C : 5 g of chitosan per 1 kg of commercial feed
D : 7.5 g of chitosan per 1 kg of commercial feed
E : 10 g of chitosan per 1 kg of commercial feed

The Sangkuriang catfish used as test fish in size 
5-8 cm were 300 fish originating from fish farmers 
in Cileunyi, Bandung and first acclimatized in a 
fiber tub for 7 days. The stocking density of fish 
in the aquarium (30 x 25 x 25) cm3 is 20 fishes per 
aquaria.  The amount of feed given is 5% of the 
fish’s weight for 14 days, it is given twice a day, 
at 10.00 am and 18.00 pm. Siphoning was carried 
out every morning to remove metabolic waste 
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and feed residue in the aquarium before feeding. 
During the research the water quality of the media 
was maintained to obtain an optimal environment 
such as temperature, dissolved oxygen (DO), and 
pH.

Research procedure
Aeromonas hydrophila obtained from the 

Laboratory of Biotechnology, Faculty of Fisheries 
and Marine Sciences, Padjadjaran University and 
The Research Station of Fish Disease Control 
Resarch Institute for Freshwater Aquaculture and 
Fisheries Extension, Bogor. 

Commercial feed was mixed with chitosan in 
accordance with predetermined concentrations of 
2.5, 5, 7.5, and 10 g/kg. Carboxymethy cellulose 
(CMC) added to the feed according to the specified 
formulation as binder. According to Azhari et al. 
(2016) the CMC dose used as a binder in feed is 
2% - 3%. The chitosan feed is added with CMC in 
a ratio of 3:1 before being sprayed on feed. 

The test fish after being treated for 14 days 
then challenged with A. hydrophila with a density 
of 108 CFU/ml. The challenge test was carried 
out using the immersion method (Kamiso and 
Triyanto 1992), 20 ml/20 L of a bacterial solution 
was added to each aquarium. The test fishes 
were observed at 4, 6, 12, 24 hours and 14 days. 
There is blood sampling for white blood cells and 
differential leukocytes (lymphocytes, monocytes, 
and neutrophils) for data collection.

Data collection
Fish blood was taken before starting the 

treatment, after feeding for 14 days, and after 
the challenge test. Blood samples from the three 
treated fish samples were taken every three, 
seven, ten, and fourteen days after the challenge 
test to see the leukocyte count and leukocyte 
differential. Observation of clinical symptoms 
including hemorrhagic (bleeding), inflammation, 
ulcers on the skin, dropsy (protruding stomach), 
exophthalmia (protruding eyes) was carried 
out after the test fish were challenged with 
Aeromonas hydrophila. Other observations were 
the response of fish to feed and movements due to 
shock. The water quality parameters observation 
were temperature, pH, dissolved oxygen (DO). 
The survival of the test fish was observed every 
day after injection until the end of the study. 
The survival rate of the test fish was calculated 
according to Effendie (1979).

Data analysis
Data of white blood cell count and survival 

rate were analyzed using variance with a 95% 
confidence level, if there were any difference 
in treatment, further tests were carried out with 
Duncan’s test. Analysis of clinical symptoms, 
differential leukocytes and water quality were 
carried out descriptively.

RESULTS AND DISCUSSION

Results
White blood cells (leukocytes)

Observation of white blood cells aims to 
determine the effect of giving chitosan to increase 
the body’s resistance of catfish, because white 
blood cells are an indicator of body resistance. 
Based on observations, the test fish in each 
treatment experienced an increase in the number 
of leukocytes after being given chitosan. The 
higher the addition of chitosan, the number of 
leukocytes will increase. The average value 
is 13.96 × 104 cells/mm3 to 14.28 × 104 cells/
mm3 from the observation that the number of 
leukocytes from the test fish before chitosan 
treatment. After chitosan treatment, the mean 
leukocytes increased, ranging from 14.60 × 104 
cells/mm3 to 23.90 × 104 cells/mm3 (Figure 1).

The test fish that were not given leukocyte 
chitosan after treatment showed an increase in 
leukocytes, the increase was due to the increase 
in age and weight of the fish after 14 days of 
rearing, from 14.13 × 104 cells/mm3 to 14.60 × 104 
cells/mm3 (Figure 1). After a period of 14 days of 
rearing fish, a challenge test (CT) is carried out. 
There was an increase in the number of leukocytes 
during the challenge test period on day 3 (CT-3) 
in each treatment with the average number of 
leukocytes ranging from 18.86 × 104 cells/mm3 
to 24.50 × 104 cells/mm3 (Figure 1). On the 7th 
day after the challenge test (CT-7) there was still 
an increase in the number of leukocytes in each 
treatment with the average number of leukocytes 
ranging from 22.19 × 104 cells/mm3 to 24.68 × 104 
cells/mm3 (Figure 1). The test fish in the control 
treatment experienced the highest increase in the 
number of leukocytes from 18.86 × 104 cells/mm3 
to 24.00 × 104 cells/mm3 (Figure 5). The test fish 
in treatment E experienced the lowest increase in 
the number of leukocytes from 24.50 × 104 cells/
mm3 to 24.68 × 104 cells/mm3 (Figure 1).

In Figure 2, it can be seen that the test fish in the 
control treatment had an increase in the number 
of leukocytes, although only slightly (3.2%), 
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Figure 1. White blood cell (leukocyte) count during research.

Figure 2. The percentage of increase/decrease in number of leukocytes in catfish during the study.

when compared to fish treated with chitosan. The 
highest increase was found in treatment E, namely 
41.6% (Figure 2). The change in the increase in 
leukocytes in the challenge test (CT-3) was the 
highest in treatment A (without chitosan) which 
increased by 22.60%, while the lowest increase 
in treatment B (2.5 g chitosan) was 22.21%. The 
number of leukocytes on day 7 (CT-7), treatment 
A remained the treatment with the highest increase 
in the number of leukocytes, which was 21.43%, 
and the treatment with the lowest increase in the 
number of leukocytes, namely in treatment E, 
which was only 0.71%. On the 10th day (CT-10), 
and the 14th day (CT-14) it decreased. Treatments 
A and B showed the highest number of leukocytes 
compared to still experiencing an increase, which 
was 9.02% in treatment A and 1.81% in treatment 
B.

Leukocyte differential
After the catfish fry were challenged, blood 

samples were taken to observe the leukocyte 
differential. The leukocyte differentials observed 
included cell types of lymphocytes, monocytes, 
and neutrophils (Suhermanto and Andayani, 
2013).

Lymphocytes
Blood is checked by counting the number of 

leukocytes and differential leukocytes in fish blood 
to see and detect an increase in the body’s immune 
response (Septiarini et al., 2012). In the formation 
of antibodies, lymphocytes have an important role 
but are not phagostic (Baratawidjadja, 2012). 

Based on the research conducted, it was shown 
that the percentage of lymphocytes before the 
challenge test ranged from 67.7%-74.3% (Figure 
3), while the post-challenge test decreased in each 
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Figure 3. Total lymphocytes during the study.

Figure 4. Total monocytes during the study.

treatment ranging from 41.3%-59%. In Figure 3 
it can be seen that the number of lymphocytes 
in fish blood has increased and decreased from 
before treatment to after treatment which has a 
percentage with a range of lymphocyte counts 
from 69.7% to 71.7%. After 14 days of challenge 
trial period, results of treatment E although 
decreased, but showed the highest value after 
the challenge test among the others, namely 59% 
followed by treatment D by 52%, treatment C by 
47.7%, treatment B by 43.3% and the smallest 
treatment A by 41.3%.

Monocytes
The number of monocytes of sangkuriang 

catfish before treatment ranged from 15.3%-
16.7%, after treatment ranged from 20%-22.7%. 
After being challenged with A. hydrophila 

bacteria, the increase in each treatment ranged 
from 30%-36.7% (Figure 4). 

In Figure 4, the percentage of monocytes 
after feeding with chitosan for 14 days showed 
an increase in each treatment, with the highest 
percentage of monocytes in treatment E, from 
16% to 22.7%. The lowest increase in the control 
treatment was from 16.3% to 20%. After a 14-
day challenge test period, there were results, 
namely the lowest percentage was in treatment 
A (Control) with a value of 30% and the highest 
percentage was in treatment E (10 g) with a value 
of 36.7%.

Neutrophils
The number of sangkuriang catfish neutrophils 

before treatment ranged from 12%-13.7%, after 
treatment ranged from 3%-12.3%. After being 
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Figure 5. Total neutrophils during the study.

(A) (B)

(C) (D)
Figure 6. Clinical symptoms in fish during research.
Description: (A) Thin fins, (B) Ulcers, (C) Bleeding (hemorrhagic), (D) Distended Stomach (Dropsy)

challenged with A. hydrophila bacteria, the 
increase in each treatment ranged from 4.3%-
28.7%. (Figure 5).

Based on the research conducted, the 
percentage of neutrophils from before treatment 
to after treatment decreased in each treatment, 
where the highest decrease occurred in treatment 
E with the number of neutrophils from 13.3% to 
3%, and the lowest decrease was in the control 
treatment with the number of neutrophils from 
13, 7% to 12.3% (Figure 5).

Clinical symptoms
The results of observations of damage to 

the surface of the fish body after the challenge 
test for 24 hours is in the form of inflammation 
characterized by red spots, thin fins and a 
distended belly (dropsy) (Figure 6). Body surface 

damage due to infection with A. hydrophila 
began to show after 24 hours of the challenge 
test. Treatments B and C showed that the body 
surface damage that appeared was almost the 
same as the other treatments, but some of the 
body surface damage did not have much impact 
on fish mortality compared to treatment A which 
experienced many deaths. Treatment without 
chitosan experienced fish mortality of 48% after 
the challenge test (Figure 7).

The results of observations for 24 hours after 
being infected with A. hydrophila, catfish fry did 
not experience clinical symptoms in the form of 
uniform body surface damage. Clinical symptoms 
began to appear at 24 hours after infection by 
bacteria in the form of a distended abdomen on the 
body (dropsy) (Figure 6 d) that occurred in catfish 
fry in treatment A, while in other treatments there 
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Table 1. Fish body surface damage during research.
Days

Treatment Repetition 1 2 3 4 5 6 7 8 9 10 11 12 13 14

A
1 - c cd c c c dc adc adc bc bc bc bc bc
2 c bc c c c c dc adc adc dc dc c c c
3 - c c c c dc adc adc adc bcd bcd bc c c

B
1 - - bc abcd abcd abcd abc c c c c c - -
2 - c c b ab abc abc c c bc bc b b -
3 - - c d d d cd c c dc dc c - -

C
1 - - - c c c c c c ac - - - -
2 - - c c c c c c c - - - - -
3 - - - c c c d d d - - - - -

D
1 - - - - d d d d - - - - - -
2 - - - - - d c c - - - - - -
3 - - - - - d d d - - - - - -

E
1 - - - - - c c c - - - - - -
2 - - - - - - - - - - - - - -
3 - - - - - - - - - - - - - -

Description: (a) Thin fins, (b) Ulcers, (c) Bleeding (hemoragic), (d) Distended abdomen (Dropsy), and (e) 
Exopthalmia

Table 2. Response test to shock during research.
Days

Treatment Repetition 1 2 3 4 5 6 7 8 9 10 11 12 13 14

A
1 ++ + + + + + + + + + + + + -
2 ++ + + + + + + + + + + + + -
3 ++ + + + + + + + + + + + + -

B
1 ++ ++ ++ ++ ++ ++ ++ ++ ++ + + + + +
2 ++ ++ ++ + + ++ + + + + + + + +
3 ++ ++ ++ ++ ++ ++ ++ ++ ++ + + + + +

C
1 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + + +
2 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + + +
3 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + +

D
1 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + +
2 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + +
3 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ +

E
1 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
2 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
3 - - - - - - - - - - - - - -

Description: (-) No response, (+) Low response to shock, (++) Response to normal shock

were no clinical symptoms. Until the 24th hour 
observation, catfish fry treated B, C, D and E did 
not show clinical symptoms.

Based on the observation of clinical symptoms 
in sangkuriang catfish, four clinical symptoms 
appeared on the fish’s body, the clinical symptoms 
included thin fins, ulcers, bleeding (hemorrhagic), 

and distended stomach (dropsy) (Figure 6).
In Table 1 it can be seen that there was 

more severe body surface damage indicated by 
treatments A and B compared to treatments C. 
D and E. Treatment E (10 g) showed no visible 
body damage on the surface of the fish’s body so 
that it showed better body resistance. compared to 
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Table 3. Test response to feed during research.
Days

Treatment Repetition 1 2 3 4 5 6 7 8 9 10 11 12 13 14

A
1 1 ++ + + + + + + + + + + + +
2 2 + + + + + + + + + + + + +
3 3 ++ + + + + + + + + + + + +

B
1 1 ++ ++ + + + + + ++ +++ +++ +++ +++ +++
2 2 ++ ++ + + + + + ++ +++ +++ +++ +++ +++
3 3 ++ ++ + + ++ + + ++ +++ +++ +++ +++ +++

C
1 1 ++ ++ + + + ++ +++ +++ +++ +++ +++ +++ +++
2 2 ++ ++ + + + ++ +++ +++ +++ +++ +++ +++ +++
3 3 ++ ++ + + ++ ++ +++ +++ +++ +++ +++ +++ +++

D
1 1 ++ ++ + + ++ ++ +++ +++ +++ +++ +++ +++ +++
2 2 ++ ++ + + ++ +++ +++ +++ +++ +++ +++ +++ +++
3 3 +++ ++ ++ + ++ +++ +++ +++ +++ +++ +++ +++ +++

E
1 1 +++ +++ ++ ++ ++ ++ +++ +++ +++ +++ +++ +++ +++
2 2 +++ +++ ++ ++ ++ ++ +++ +++ +++ +++ +++ +++ +++
3 3 +++ +++ ++ ++ ++ +++ +++ +++ +++ +++ +++ +++ +++

Description: (-) No response, (+) Low response to shock, (++) Response to normal shock

Figure 7. Survival rate of fish during research.

other treatments. Treatment C showed almost the 
same recovery as treatment D, the wound started 
to shrink on the 9th day.

Response to Shock
The aquarium walls were tapped to test the 

fish’s response to shock on each treatment. Fish 
responses to different shocks were shown by each 
treatment based on the results of observations that 
had been made after the challenge test (Table 2). 

The shock response shown in treatments D 
and E on the first day after the A. hydrophila 

challenge test treatment was the best compared 
to other treatments (Table 2). Treatment E is the 
best treatment with the fastest recovery, because 
starting from the first day it has shown a normal 
response to shock. The addition of chitosan to the 
feed showed a better response to shock than the 
treatment without chitosan.

Response to feed
There was a decrease in fish appetite in each 

treatment due to infection from A. hydrophila 
based on the observations made (Table 3), the 
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Table 4. Value of water quality range during the study.
Water Quality Parameters

Treatment Suhu (oC) pH DO (mg/l)
A 26.7 - 28.3 7.07 - 7.26 5.30 - 5.67
B 26.5 - 27.2 7.13 - 7.29 5.43 - 5.67
C 27.1 - 29 7.00 - 7.22 5.27 - 5.87
D 27.1 - 29.5 7.10 - 7.24 5.37 - 5.83
E 27 - 27.6 7.07 - 7.23 5.43 - 5.70

Optimal (SNI 2014) 25-30 (SNI) 6,5-8 (SNI) >3 (SNI)

cause of the decreased fish appetite was metabolic 
disorders that occurred due to infection in the fish 
body.

Based on observations, on the first day the 
treatment that showed the best feed response in 
treatment E (10 g) because it showed a normal 
and good feeding response (Table 3), compared to 
treatments A (without chitosan), B (2.5 g), C (5 g), 
and D (7.5 g) which indicates a low feed response. 
Treatment A (without chitosan) showed the lowest 
feed response, it could be seen from the amount 
of uneaten feed residue. The feed response began 
to return to normal on the 9th day of treatment B, 
treatment C on the 7th day, treatment D on the 6th 
day while treatment A on the 12th day.

Survival rate
In each treatment, the survival rate of fish was 

observed during the rearing period before and 
after the fish were infected with A. hydrophila 
bacteria. Based on the results of observations, 
each treatment showed varying survival rates, the 
highest survival after the challenge test treatment 
was treatment E of 96.6%, then treatment D was 
87%, treatment C was 82%, treatment B was 
77%, while treatment A of 48% was the lowest 
survival rate (Figure 8).

In Figure 7 it can be seen that treatment 
A (without chitosan) resulted in the lowest 
survival among all other treatments, both before 
the challenge test and after the challenge test 
(Figure 7). Catfish fry that were given additional 
chitosan in the feed (treatment B 2.5 g, C 5g, 
D 7.5 g and E 10 g) showed higher survival, 
chitosan administration showed a good effect on 
the fish’s body resistance to disease. Due to the 
immunostimulant effect of the chitosan. Based 
on the analysis of variance, there were significant 
differences between treatments. The results of 
Duncan’s test at a significance level of 5% showed 
that survival after the challenge test of treatment 
E was significantly different from treatments A, 
B, C and D.

Water quality
Observations on the water quality of fish 

rearing media were also carried out, namely 
temperature, pH, and dissolved oxygen (DO). 
This measurement was carried out during the fish 
rearing period until it entered the challenge test 
period. In Table 4 it can be seen that the water 
quality values   of each parameter measured during 
the maintenance period until the challenge test.

Water temperature during maintenance ranged 
from 26.5-29.5 oC, vulnerable water temperatures 
were almost the same in all treatments due to 
the use of a heater. The degree of acidity (pH) 
of water in the maintenance media ranged from 
7.00 to 7.29 and was still in the optimal range. 
The content of dissolved oxygen (DO) in the 
maintenance medium ranged from 5.27 to 5.87 
mg/L (Table 4).

Discussions
White blood cells (leukocytes)

Based on observations, it can be seen that the 
test fish treated with chitosan showed an increase 
number of leukocytes along with the increase in 
the dose of chitosan given, so that the highest 
number of leukocytes occurred in treatment E, 
which was 23.90 × 104 cells/mm3 (Figure 5). 
This shows that the active immunostimulant 
substance contained in chitosan is chitosan 
nanoparticle (ChNP) Wardani et al. (2018) 
at a dose of 10 g (treatment E) worked more 
effectively in increasing the fish’s immune system 
which was indicated by an increase in the number 
of white blood cells. As the opinion of  Shahbazi 
& Bolhassani (2017) that immunostimulants 
develop non-specific immunotherapy and 
immunoprevention by stimulating the main factors 
of the immune system including phagocytosis, T 
and B lymphocytes, specific synthetic antibodies 
that can trigger an increase in white blood cells. 
There is an influence from other factors in 
increasing the number of leukocytes, one of which 
is the addition of chitosan to the feed. Chitosan is 
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able to induce an increase in the number of white 
blood cells with immunodulation activity that 
optimizes the body’s immune function, this is in 
line with the statement of Rosidah et al., (2019), 
namely increasing the number of white blood 
cells in fish given Moringa leaf extract which 
has immunomodulatory activity which plays a 
role in making the immune system more active 
in carrying out its function in strengthening the 
body’s immune system.

The test fish that were not given chitosan 
also showed a slight increase in the number of 
leukocytes after treatment, the increase was due to 
the increase in age and weight of the fish after 14 
days of rearing. As according to Sudirman et al. 
(2021) The increase in white blood cells is caused 
by several factors, namely the age and size of the 
fish, as well as nutrition feed. This is also in line 
with the opinion of Salasia et al., (2001) namely 
the number of leukocytes in fish is influenced by 
several factors, namely the type or species, age 
and muscle activity. Based on the results of the 
variance, it was shown that different doses of 
chitosan gave significantly different effects on the 
number of leukocytes. The results of Duncan’s 
test at the 5% confidence level showed that the 
treatments were significantly different from 
each other (treatments A, B, C, D and E were 
significantly different).

The 3rd day after the challenge test (CT-3) 
showed an increase in the number of leukocytes 
in each treatment, this was due to the attack of the 
bacterium A. hydrophila which was also shown 
by the presence of clinical symptoms in the form 
of body damage (dropsy, hemorrhagic, ulcers, 
and thin fins) (Table 1). The bacterial attack 
that occurred caused the highest change in the 
number of leukocytes in treatment A, because the 
bacterial attack caused the need for a high number 
of leukocytes to be produced as body defense and 
against bacterial attack on the fish body. The total 
leukocyte count increases in response to infection, 
trauma, inflammation, and certain diseases 
(Chmielewski & Strzelec, 2018). This is in line 
with Sukenda and Jamal (2008) statement that the 
increase in white blood cells after the challenge 
test is the body’s reaction or body’s defense 
against antigens (pathogenic bacteria) that enter 
the body. Based on the results of the variance, it 
was shown that different doses of chitosan gave 
significantly different effects on the number of 
leukocytes. The results of Duncan’s test at the 5% 
confidence level shows that there is a significantly 
different treatment in each treatment.

On the 7th day after the challenge test (CT-
7) there was still an increase in the number of 
leukocytes in each treatment, this indicated that 
the body of catfish fry in all treatments was still 
in a condition against bacterial attack, so the 
number of leukocytes was still increasing. The 
test fish in treatment E experienced the lowest 
increase in leukocyte count from 24.50 × 104 
cells/mm3 to 24.68 × 104 cells/mm3 (Figure 5). 
The number of leukocytes in treatment E after 
being given treatment with chitosan E showed 
the highest increase, but during the challenge test 
with bacteria the number of leukocytes decreased 
on day 7, because during treatment there was the 
highest increase in leukocyte levels in treatment 
E. The results of Duncan’s test at the 5% 
confidence level showed that treatments B and C 
were not significantly different, while treatments 
A, D and E were significantly different from other 
treatments.

The number of leukocytes of the test fish in 
treatments A and B until day 14 still increased 
and the highest increase occurred in treatment 
A. Treatments C, D and E decreased with the 
lowest decrease occurred in treatments D, and 
E. This showed that the test fish in treatments A 
and B were still in a condition against the attack 
of A. hydrophila bacteria, while treatments C, 
D and E had experienced a period of recovery 
from infection with A. hydrophila bacteria. This 
indicated that the catfish fry in treatment A after 
the challenge test with A. hydrophila bacteria 
increased in attack resulting in an increase in the 
number of leukocytes to fight and phagocytize 
the bacterial cells. The results of Duncan’s test at 
the 5% confidence level showed that on day 14 
after the challenge test, there was a significant 
difference between treatments. Treatments B, 
C, D and E showed lower leukocyte counts, 
Treatment E experienced the highest decrease in 
leukocyte counts among other treatments, This 
increase is shown by the decrease in the intensity 
of bacterial attack and fish are starting to become 
resistant to the attack of A. hydrophila bacteria. 
The results of this study indicate that feeding 
chitosan as an immunostimulant can increase the 
total leukocytes. Immunostimulants pass through 
a group of biologics and synthetic compounds that 
increase both specific (antibody and agglutination 
titer) and non-specific immunity (lysozyme, 
complement, myeloperoxidase, phagocytosis, 
bactericidal activity, respiratory blast activity, 
nitric oxide, total haemocytes, phenoloxidase) 
against infectious disease in different species of 
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fish and shellfish (Srivastava & Pandey, 2015). 
Treatment E was the most effective dose where 
this dose was immunogenic and protective 
in increasing the immunity of catfish against 
bacterial attack (Utami et al., 2013).

Leukocyte differential
Lymphocyte

The number of lymphocytes in fish blood 
increased and decreased from before treatment 
to after treatment. An increase in treatments C, 
D, and E indicates that chitosan can improve 
the performance of the body’s immune system, 
as stated by Sukenda and Jamal (2008) that 
increasing the dose of chitosan increases the 
proliferation of lymphocyte cells. Treatments A 
and B showed a small decrease in lymphocytes, 
this happened because the control treatment 
was not fed chitosan so there was no additional 
protection in fish immunity. The number of 
lymphocytes in the blood decreased after the 
challenge test with A. hydrophila, this was 
presumably due to the resistance activity of 
leukocytes against A. hydrophila. Whereas in the 
control treatment and a dose of 2.5 g of chitosan, 
the number of lymphocytes produced was lower, 
this was presumably because the number of 
lymphocytes produced was not comparable to the 
lymphocytes sent to infected body tissues. After 
being challenged, the lymphocyte value decreased 
in all treatments. This decrease occurred because 
white blood cells were used to attack pathogens 
from A. hydrophila bacteria. 

The increase in resistance activity causes 
an increase in the need for white blood cells, 
especially phagocytic cells and causes a reduction 
in the number of antibody-providing cells, 
namely lymphocytes. As stated by Rukyani and 
Silvia (1997) that an increase in the intensity of 
infection by certain pathogens will trigger the 
need for white blood cells and the increased need 
causes a reduction in the number of antibody cells 
(lymphocytes). Treatments A to E decreased, 
which showed a value that was below the normal 
range of lymphocytes after the challenge test, 
which meant that the fish were sick due to bacterial 
attack. This is in accordance with the statement of 
Pratiwi et al. (2019), the presence of infection in 
the body of the catfish so that the lymphocytes 
decrease because lymphocytes are the foremost 
defense against infection.

Monocyte
The percentage of monocytes after feeding 

chitosan for 14 days showed an increase in each 
treatment. After the fish were challenged, there 
was an increase in each treatment along with an 
increase in the dose of chitosan given, so that the 
highest total monocytes occurred in treatment E. 
The increase in the number of monocyte cells 
occurred due to bacterial infection in fish, so that 
monocyte cells would develop into macrophages 
towards the site of infection. To eliminate foreign 
bodies and carry out phagocytosis. This is in 
accordance with Pratiwi (2014) statement that an 
increase in the number of monocyte cells can be 
caused by the response of immune stimulation in 
killing pathogenic bacteria. 

According to Rukyani and Silvia (1997) 
the increase in monocytes occurs because 
macrophages can phagocytize foreign objects that 
enter the body. Monocytes are short-lived in the 
blood, then enter the tissue to differentiate into 
macrophages so that the number of monocytes 
fluctuates in the blood. In the event of infection 
by bacteria or foreign objects that enter the body, 
monocytes will move to the infected area to carry 
out phagocytosis (Affandi and Tang, 2017). The 
highest percentage monocytes was in treatment E 
(10 g), the increase indicated the presence of non-
specific defense activity of fish in the form of an 
increase in blood monocytes to eliminate foreign 
agents. Monocyte-macrophage system function is 
important to clean blood, lymph and interstitial 
spaces from foreign body, thus an important 
defense function (Bonardo et al., 2015).

Neutrophils
Based on the research conducted, the 

percentage of neutrophils from before treatment 
to after treatment decreased in each treatment, 
where the highest decrease occurred in treatment 
E. This decrease in the number of neutrophils 
indicates that the administration of chitosan can 
strengthen the fish’s immune system, neutrophils 
which are an indicator of sick fish and attacked 
by pathogens can be an indication that the fish 
have a good immune system condition if their 
numbers decrease. Post-challenge test increased 
in each treatment. The increase in the number 
of neutrophil cells in all treatments indicated the 
activity of neutrophil cells in attacking antigens 
(foreign particles) and showing the process of 
phagocytosis by entering the body. In line with the 
statement Tizard (1988) that the increase in the 
number of neutrophils after the challenge test is 
associated with the response to infection, namely 
killing bacteria and cleaning tissue debris. These
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neutrophils are the first line of defense that move 
quickly towards foreign material and destroy it, 
but are not able to last long (Rukyani and Silvia, 
1997). Usually neutrophils only completely 
destroy any foreign material ingested and do not 
process the antigen in preparation for presentation 
to antigen-sensitive cells.

The difference in the change in the percentage 
of neutrophils in each treatment is thought to be 
due to the response of blood balance to an increase 
in the proportion of other types of leukocytes, 
namely lymphocytes and monocytes. According 
to Delman & Brown (1989) when a bacterial 
infection occurs, the number of neutrophils in 
the blood usually increases, this is due to the 
need for lymphoid to release leukocytes to fight 
infection. The high number of neutrophils in 
treatment A was caused by a fairly low number 
of lymphocytes, the low number of lymphocytes 
indicates that the fish’s immune system is 
decreasing due to the presence of foreign 
objects, so the body will automatically increase 
the production of neutrophils to kill and destroy 
these foreign objects. According to (Suhermanto 
and Andayani, 2013) neutrophils can be released 
during infection due to the influence of external 
chemical stimuli by immunostimulants. The 
decrease in the number of neutrophils is thought 
to be due to reduced infections that occur in 
fish (Rustikawati, 2012). The low percentage of 
neutrophils compared to other types of white 
blood cells is because neutrophils are more 
commonly found and accumulate in the area of 
infection, where neutrophils will move actively to 
the infected area when an injury occurs.

Based on the results of the differential 
leukocytes (lymphocytes, monocytes and 
neutrophils) showed that the addition of chitosan 
to the diet stimulated the immune system better 
than without the addition of chitosan, this was 
indicated by the higher percentage of lymphocytes 
(as the body’s defense against antibodies) and 
monocytes (as phagocytic cells), antigen in 
the addition of chitosan. Treatment E (10 g of 
chitosan) was an effective dose to stimulate 
differential leukocytes in catfish to improve the 
immune system. 

Clinical symptoms
These symptoms began to be observed on the 

body surface at 24 hours after the challenge test. 
This situation is in accordance with the statement 
(Haryani et al., 2012) that the clinical symptoms 
of fish are characterized by inflammation 

(inflammation) which is characterized by swelling 
and redness of the body, which then continues to 
become larger wounds. A. hydrophila infection 
shows damage to the body surface after a few 
hours after the challenge test. Clinical symptoms 
began to appear 24 hours after infection, in the 
form of a distended abdomen on the body (Figure 
10 d) that occurred in catfish fry in treatment A, 
while in other treatments there were no clinical 
symptoms. As according to Rosidah et al. (2019), 
24 hours after infection by the bacterium A. 
hydrophila, fish suffered damage to their bodies 
in the form of inflammation (inflammation), 
bleeding (hemorrhagic) and ulcers (ulcer). The 
occurrence of ulcers in some fish is thought to be 
due to the high density of bacteria in the area, so 
that the intensity of toxins released by bacteria is 
also high. There are also red spots and fin flakes 
that occur at the base of the fish fins, this is as 
stated Kartikaningsih et al. (2020) A. hydrophila 
infected catfish shows the following signs: body-
color becomes dark, skin becomes rough, and 
bleeding occurs, which will then occur ulcers 
(haemorrhagic).

Based on Table 1, it shows that treatments 
A and B showed more severe body surface 
damage than treatments C. D and E. Treatment 
E (10 g) showed better body resistance than other 
treatments, it could be seen from the invisible 
body damage. On the surface of the fish body. 
Treatment C showed almost the same recovery 
as treatment D, the wound started to shrink on 
the 9th day. The damage to the body surface 
and the recovery period from each treatment of 
the test fish were different. Treatment A showed 
that some of the fish were getting worse, leading 
to death. Treatment A suffered the most severe 
body damage due to the absence of addition of 
chitosan in the feed, so that the fish did not get 
the immunostimulant effect which resulted in 
low fish body resistance. Meanwhile, treatment E 
showed that giving 10 g of chitosan showed the 
best clinical symptoms because chitosan works as 
an immunostimulant to prevent disease infection 
from A. hydrophila bacteria.

Response to shock
The results of post-challenge observations 

showed various responses to each treatment 
(Table 2). According to Handayani (2016), no 
response fish is thought to be due to inflammation 
in the fish’s body, unhealthy fish can be slower 
or slower faster than usual. Treatments D and E 
gave the best response to shock, it could be seen 



Mahatma Kresnha et al. / Jurnal Akuakultur Indonesia 21 (2), 93–108 (2022) 105

by the response on day 1 after the challenge of 
A. hydrophila. Treatment A showed no response 
to shock on the 2nd day, this is because fish 
that become sick and experience a decrease 
in behavioral activity such as swimming by 
gathering around aeration and swimming in a 
hanging or standing position are the result of fish 
being attacked by bacteria. According to Haryani 
et al. (2012) stated that A. hydrophila infection 
causes stressed fish, swimming around aeration 
and in general fish swim sideways due to reduced 
body balance. Treatment E is the best treatment 
with the fastest recovery, because starting from 
day 1 it has shown a normal response to shock. 
Chitosan showed a better response to shock 
than the treatment without chitosan. This shows 
that chitosan has a good effect on increasing 
the immune system to fight the attack of A. 
hydrophila, so that fish can recover faster.

Response to feed
A decreased feeding response was shown by 

each treatment in observations that had been made 
after the fish were infected with A. hydrophila 
bacteria (Table 3), the disturbed metabolism of 
the fish as a result of bacterial attack was the cause 
of reduced fish appetite. According to Fitriyanti 
et al. (2020), changes in the behavior of catfish 
that swim abnormally or passively and have a 
high appetite decreased after infection with A. 
hydrophila bacteria. Treatment E (10 g) showed 
the best feed response, this was indicated by a 
normal feed response to fish on day 1. Treatment 
A (without chitosan) showed the lowest feed 
response, it could be seen from the amount of 
uneaten feed residue. 

The appetite decreased is one of the behavior of 
catfish after infection with A. hydrophila bacteria 
(Fitriyanti et al., 2020). The low feed response 
could also be associated with low leukocytes on 
day 3 post challenge (Figure 6). The decrease 
in the number of leukocytes indicates that the 
fish are exposed to diseases that affect the fish’s 
appetite to be low. The feed response began to 
return to normal on the 9th day of treatment B, 
treatment C on the 7th day, treatment D on the 
6th day while treatment A on the 12th day. The 
treatment with the addition of chitosan showed 
the best results on the feed response compared to 
the treatment without chitosan, this is presumably 
due to the active ingredient of chitosan which 
can help stimulate the work of the fish’s immune 
system so as to provide the fastest feed response.

Survival rate
Based on the results of observations, each 

treatment showed varying survival rates, the 
highest survival after the challenge test treatment 
was treatment E. Treatment A (without chitosan) 
experienced many deaths after bacterial infection, 
this was indicated by the continued increase in 
white blood cells in an effort to fight off attacks. 
bacteria and severe fish body surface damage 
with a longer recovery time than other treatments. 
Catfish fry that were given additional chitosan in 
the feed (treatment B 2.5 g, C 5g, D 7.5 g and E 10 
g) showed higher survival, chitosan administration 
showed a good effect on the fish’s body resistance 
to disease, due to the immunostimulant effect of 
the chitosan. 

The research of Ranjan et al. (2012) showed 
an increase in serum lysozyme activity in fish 
given different doses of chitosan. Lysozyme 
is an enzyme that is hydrolytic and has a non-
specific defense system and has an important 
role. The activity of the lysozyme enzyme and 
aminopolysaccharide groups contained in chitosan 
can damage the bacterial cell wall, the lysozyme 
enzyme is able to digest the bacterial cell wall 
which causes the loss of the protective ability of 
bacterial cells (Radhia & Jumaetri, 2015). There 
were significant differences between treatments. 
The results of Duncan’s test at a significance level 
of 5% showed that survival after the challenge 
test of treatment E was significantly different 
from treatment A, B, C and D. Figure 7 shows 
that the control fish had the lowest percentage 
of survival rates. This is because the control 
treatment was not fed chitosan for 14 days, so 
the fish’s immune system decreased and the fish 
only relied on their natural immune system and 
white blood cells to defend themselves from the 
attack of A. hydrophila. In addition, the bacterial 
activity was stronger and faster when compared 
to the activity of increasing the natural immune 
system of the control treated fish, so that the fish’s 
body defenses became weak and unbalanced due 
to infection with A. hydrophila bacteria.

Treatment E showed the highest survival 
compared to other treatments, which means a 
dose of 10 g of chitosan can improve the immune 
system and survival of catfish fry, this is also 
indicated by macroscopic clinical symptoms 
that recover quickly. The treatment with chitosan 
showed a higher survival rate than the treatment 
without chitosan.
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Water quality
The water temperature during maintenance 

ranged from 26.5 - 29.5 oC, the water temperature 
was almost the same in all treatments due to the 
use of a heater. The degree of acidity (pH) of 
water in the maintenance media ranged from 
7.00 to 7.29 and was still in the optimal range. 
The content of dissolved oxygen (DO) in the 
maintenance medium ranged from 5.27 to 5.87 
mg/L (Table 4). Dissolved oxygen needs have been 
met for fish life, this is because aeration is always 
available. Based on the results of observations of 
water quality during the research, it was shown 
that chitosan did not have a bad effect on water 
quality, it could be seen from the value of the water 
quality range which was not much different from 
the treatment without chitosan. The water quality 
during the maintenance period is included in the 
optimal range according to KKP (2014) about the 
Indonesian National Standard (SNI) for catfish 
fry, this is because water changes and siphoning 
are always carried out on the rearing media.

CONCLUSION

Based on the results of the research, it can be 
concluded that the addition of chitosan 10 g/1 
kg of feed is the most effective dose to improve 
the immune system performance of sangkuriang 
catfish (Clarias gariepinus), with the highest 
percentage increase in white blood cells, After 
being challenged with Aeromonas hydrophila 
bacteria, sangkuriang catfish fed chitosan 10 g/1 
kg of feed have the fastest recovery and showed 
the highest survival of 96.6%.
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