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ABSTRACT

This research focused on determining the best survival performance of tilapia (Oreochromis
niloticus (Linnaeus, 1758)) fingerlings in a current generating circular tanks and challenged by
Aeromonas hydrophila. This research used a Completely Randomized Design (CRD) with four
treatments and four replications. Fish size are ranging from 5 to 7 cm that obtained from Fish Breeding
Center of Bandung City, Indonesia. The treatment used are water current and venturi combination with
water velocities of 0 m s (A), 0.06 m s (B), 0.1 ms™ (C), and 0.2 m s™! (D). The research started with
fish rearing (40 days) and was followed by a challenged test (14 days). Tilapia fingerlings were
challenged by A4. hydrophila at density 10® cfu ml™! using immersion method. The parameters were gross
clinical symptoms, survival rate, red blood cells, white blood cells and water quality. The results showed
that current and venturi combination of 0.1 m s gave the best immune performance seen from the
increase in red blood cells and white blood cells with 48% of survival rate, however survival rate was
not significantly different (p < 0.05) among treatments. The increase in red blood cells and white blood
cells was from 1.1 x 10° cells mm*! to 5.1 x 10°cells mm>"' and 4.2 x 10° cells mm>"! to 5.6 x 10 cells
mm?*! respectively. Current generating circular tanks also enhanced tilapia immune system against A.
hydrophila infection since fewer clinical symptoms occurred during challenged period.
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1. INTRODUCTION

Tilapia (Oreochromis niloticus (Linnaeus, 1758)) is a freshwater fish from the family
Cichlidae and is an introduced fish from Africa (eastern of the Nile River, Lake Tanganyika,
and Kenya) then brought to Europe, America, the Middle East, and Asia. Tilapia fish is one of
the commonly cultured fish with high consumer demand due to the thick flesh with few spines
and so, the need for tilapia fingerlings from year to year continues to increase.

A current generating circular tank is an aquaculture method categorized as a running
water pond with the characteristic of water debit in the media can be completely replaced in
minutes. Current generating circular tanks are closer to the aquaculture recirculation systems
which is classified as a closed aquaculture system because there is no regular water change
during the fish rearing.

Fish health is crucial when practicing aquaculture. Because if the cultured fish is exposed
to disease, then the aquaculture activity will fail. One of the diseases that are often found in
aquaculture activities is a bacterial disease which is an infectious disease that causes the death
of fish in large numbers in a short time. One of the causes is Aeromonas bacteria which are
widely found in freshwater, causing fish to have a high chance of being infected when the fish's
immune system decreases due to stress and unfavorable environmental conditions.

The treatment of bacterial disease so far is by giving antibiotics. However, the use of
antibiotics on a large scale is considered to be less efficient because it is uneconomical, can
increase the types of bacteria that are resistant to antibiotics, and pollute the environment. Herbs
have been widely used in aquaculture too, but they are not as effective as antibiotics. Therefore,
the removal of bacteria attached to the fish can be done naturally by using a water current as an
alternative to prevent fish disease.

2. MATERIALS AND METHODS

This research is done in Aquaculture Laboratory in Building No. 4 at Faculty of Fisheries
and Marine Science, Universitas Padjadjaran. The equipment used was 16 current generating
circular tanks which consist of water gallons with a volume of 15L, buckets with a volume of
15 L, PVC pipes with a diameter of % inch along with 16 faucets of a similar size, venturi
aeration, water pumps with a capacity of 2000 L ht. The other equipment used was ammonia
test kit, water quality checker (DO meter and pH meter), scoop net, and a fiber tank with a
volume of 275 L.

The materials used were 160 tilapia fingerlings with size 5-7 cm obtained from Fish
Breeding Center of Bandung City, Indonesia; Aeromonas hydrophila collected from
Microbiology Laboratory at Faculty of Fisheries and Marine Science, Universitas Padjadjaran;
and commercial feed with protein content 39%.

The method used was a Completely Randomized Design (CRD) with four treatments and
four repetitions with the following details:

1) Treatment A: Tilapia fingerlings without venturi + water current and challenged with
Aeromonas hydrophila with a density of 108 cfu mI™ (control)

2) Treatment B: Tilapia fingerlings with venturi + water current 0.06 m s and
challenged with Aeromonas hydrophila with a density of 108 cfu mIt
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3) Treatment C: Tilapia fingerlings with venturi + water current 0.1 m s and challenged
with Aeromonas hydrophila with a density of 108 cfu mI*t

4) Treatment D: Tilapia fingerlings with venturi + water current 0.2 m s and challenged
with Aeromonas hydrophila with a density of 108 cfu mIt

Figure 1. The Current Generating Circular Tank

2. 1. Main Research

This research was carried out for 40 days and was followed by a challenged test with
A. hydrophila for 14 days using the current generating circular tank. The density of tilapia
fingerlings used was 10 fish per unit. The daily feed given to tilapia fingerlings is as much as
4% of its body weight.
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2. 2. Observation Parameters
a) Gross Clinical Symptoms

Observation of gross clinical symptoms was carried out by observing the macroscopic
symptoms, such as wounds, change of body color, scale loss, fin rot, and dropsy.

b) Survival Rate

The survival rate observations were carried out every day starting from the first day of
rearing until the end of challenged test. After 40 days of rearing in current generating circular
tanks, the fish density is replenished before the challenged test. The calculation using formula
from:

SR = Nt 100%
= NOx 0

SR = Survival Rate
Nt = Total fish fingerlings at the end of the research
NO = Total fish fingerlings at the beginning of research

¢) Red Blood Cells (RBCs)

Total red blood cells were counted at the beginning and the end of the challenged test and
calculated using the formula:

Z RBC = Total Mean RBC x 50.000 (Multification factor)

d) White Blood Cells (WBCs)

Total white blood cells were counted at the beginning and the end of the challenged test
and calculated using the formula:

Z WBC = Total Mean WBC x 3.200 (Multification factor)

e) Water Quality

The observation of water quality includes temperature, pH, ammonia (NHs), and
dissolved oxygen (DO). Water quality was observed five times, from the beginning of fish
rearing, during treatments (every 10 days), and at the end of the challenged test.

2. 3. Data Analysis

The obtained data were analyzed using ANOVA with p-value < 0.05, and if the results
were significantly different, Duncan's test is done. Meanwhile, the gross clinical symptoms and
the water quality data were analyzed descriptively.
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3. RESULT
3. 1. Gross Clinical Symptoms

The gross clinical symptoms in tilapia fingerlings were observed after being challenged
by A. hydrophila which lasted for 14 days. The infection method is immersion with a density
of 108 cfu mI2.

(c)‘Rend Spots

Figure 2. Gross Clinical Symptoms of Tilapia Fingerlings Challenged with A. hydrophila

Table 1. Gross Clinical Symptoms of Tilapia Fingerlings after Challenged by A. hydrophila.
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Note : (a) Peeling Scales and Fin Rot, (b) Red Spots, (c) Bleeding (Hemorrhagic)

The results of gross clinical symptoms during the challenged test are scale loss and fin rot
(Figure 2b) the appearance of red spots on the body (Figure 2c) and hemorrhagic (Figure 2d).
All of the symptoms are shown on the 3™ day after challenged (Table 1). This shows that the
tilapia fingerlings reared in current generating circular tanks in all treatment showed symptoms
caused by A. hydrophila. However, the symptoms are not evenly distributed in each treatment
and replication. In this case, all the water current treatments in this research have not optimally
prevented the attachment of bacteria to tilapia fingerlings, but the symptoms they cause are not
as severe as control.

This result is presumably caused by the decreased concentration of A. hydrophila. A.
hydrophila with a density of 10® cfu mI* in the current generating tanks installation has not yet
reached an effective lethal concentration. As in calm water, A. hydrophila will easily attach to
fish so the lethal concentration is lower, which is at 10° cfu mI. In addition, the metabolic
ability of fish that live in water current conditions is increased as the stimulation of glucose
utilization in the metabolic cycle escalated due to the fish movement against the water current.
Thus, this affects the fish ability to resist pathogenic bacteria.

3. 2. Survival Rate

The result of survival rate in tilapia fingerling can be seen in Figure 3. The highest
survival before challenged test is in A and B treatments with 58%, followed by C treatment
with 55%, and the lowest being D treatment with 48%. Meanwhile, after challenged test, the
highest survival is in B treatment with 53%, followed by A treatment with 50%, C treatment
with 48%, and the lowest rate is D treatment with 43%.

After analyzing the variance on the survival rate, both before and after challenged by A.
hydrophila, there are no significance (p < 0.05). That means all water current treatments show
similar results. This could be due to the high adaptability of tilapia fingerlings to water current
combined with venturi, although treatment D with velocity of 0.2 ms™ had the lowest survival.
This is confirmed by the research which showed that tilapia fingerlings can live at 0.1 ms™ with
venturi combined with water current as same as this research. As explained in gross clinical
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symptoms, tilapia fingerlings that are kept under water current still infected by A. hydrophila
but showed less symptoms than control.
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Figure 3. Survival Rate Graph

3. 3. Red Blood Cells (RBCs)

The result of the red blood cells (RBCs) can be seen in Figure 4 and shows that before
challenged the total RBCs were in the range of 8.98 x 10° cells mm3- to 1.1 x 10° cells mm?® -
! Then after being challenged for 3 days, the number of RBCs increased to a range of 7.8 x 10°
cells mm® 1 to 1.8 x 108 cells mm?®2, 2.2 x 108 cells mm® ! to 4.2 x 108 cells mm?®* on 5™ day
after challenged, 2.2 x 106 cells mm®* to 5.1 x 10 cells mm® on 10" day after challenged
and decreased in 14" day after challenged to 1.8 x 10° cells mm®-* to 4.5 x 108 cells mm3 2,

The ANOVA showed a significant difference (p < 0.05) between treatments.
Furthermore, when the data were re-tested using the Completely Randomized Factorial Design
(CRFD) method with the same level of p-value, there was a significant difference between the
challenged period. There is an interaction between the number of RBCs at all treatments with
the challenged period with the best result obtained by C treatment (0.1 ms™) after 5 days post-
challenged.

Compared to the number of normal tilapia fingerling RBCs (2 x 10° — 3 x 10° mm® 1)
RBCs in this study were higher. This increase shows that the tilapia immune status was better
than conventional culture. The increasing number of RBCs especially in their nucleic acid has
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an important role in fish immunity because RBCs modulate specific protein on responding to
viruses or pathogens hence the immunity response is better when compared to a lower number
of RBCs. In such manner, A. hydrophila cannot fully infect tilapia fingerlings, which can be
seen from its lesser gross clinical symptoms.
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Figure 4. Red Blood Cells Graph

The fluctuation in the number of RBCs occurs because it can be influenced by water flow.
This is because when the water velocity is high, the dissolved oxygen in the water and the
oxygen content in the RBCs increase so that the metabolic ability of the fish also increases due
to the abundant oxygen supply, and the stress level in fish is reduced.

The decreasing RBCs on the 14" day after challenged indicated that the infected tilapia
with A. hydrophila when reared in a current generating circular tank with velocity of 0.1 m s
on the 10" day after challenged was sufficient to give the best results on the RBCs. It can be
concluded that infected tilapia fingerlings can maintain their metabolism for 10 days in flowing
waters, this is due to high energy demand for swimming against the water current.

3. 4. White Blood Cells (WBCs)

The result of white blood cells can be seen in Figure 5 and shows that before the
challenged WBCs number were in the range of 1.4 x 10° cells mm?® to 4.2 x 10° cells mm?3 2.
On the 3" day after challenged total WBCs was in the range of 3.3 x 10° cells mm3 to 5.6 x
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10° cells mm® %, and then decreased on the 5 day after challenged in the range of 2.7 x 10°
cells mm?3 1 to 3.5 x 10° cells mm3-1, on the 10" day after challenged in the range of 1.9 x 10°
cells mm® - to 4 x 10° cells mm?®* and decreased again in the range of 1.1 x 10° cells mm®* to
2.8 x 10° cells mm?® ! on 14" day after challenged.

ANOVA shows that there are differences between treatments (p < 0.05). Similar to the
RBCs data, the WBCs were re-analyzed using the CRDF method with the same level of p-value
showing a significant difference between challenged periods. There is an interaction between
WABCs in all treatments with the challenged period. As a result, C treatment (0.1 ms™) on 3"
day after infection showed a significant increase in the WBCs compared to the other treatments.

The escalated number of WBCs in C treatment is related to the tilapia's immune response
to all kinds of pathogens. WBCs, as explained have the function of protecting the fish from
pathogen infections. This indicated that the presence of pathogens responded by the tilapia
immune system with producing more WBCs when compared with normal number of WBCs (2
x 10%- 15 x 10* mm31),

Then on the 51" day post-challenged the WBCs numbers decreased which means that the
tilapia fingerlings were already withstood A. hydrophila infection. However, on the 10" day
post-challenged, the number of WBCs increased again but not as high as before and that means
the resistance to pathogen occurred once more but on the last day of challenged, it decreased
again.

N A (Control)
BB (0,06ms?)
C (0,1 m s
#D (0,2ms?)

White Blood Cells ( x 103 cells mm?31)

D-0 D-3 D-5 D-10 D-14
Challenged Period (Day)

Figure 5. White Blood Cells Graph
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This WBCs fluctuation is explained which said that infected fish showed an increase in
the number of WBCs as an immune response followed by an increase in antibodies. This means
that the tilapia fingerlings immune system reared in the current generating circular tanks after
being challenged by A. hydrophila has increased. The WBCs fluctuation is also presumably due
to the dividing energy of the tilapia fingerlings between swimming against water current and
resisting pathogen. In addition, the better response of the WBCs can be seen by the lesser gross
clinical symptoms that appear in the tilapia fingerlings. Aside from that, the phagocytic ability
on the pathogen in the fish body increases along with the escalation in oxygen utilization since
the venturi installed in the circular tank increases the dissolved oxygen so that oxygen
utilization by fish becomes more efficient.

3. 5. Water Quality

The results of water quality include parameters such as temperature, pH, ammonia (NH3),
and dissolved oxygen (DO) can be seen in Table 2.

Table 2. Water Quality Range during Research

Parameters
Treatments
Temperature (°C) pH NHsz(mg L?) | DO (mgL?)
A 24.0-275 572 -7.62 0.0014 5.4-8.6
B 24.4 - 275 6.00 - 6.98 0.0014 59-8.6
C 235-275 6.14 - 7.24 0.0014 - 0.003 6.3-8.7
D 241 -275 6.50 - 7.38 0.0014 6.2 -8.7
Optimum 25-36 6.5-85 <0.2 >5

Water quality parameters are in an optimum range for maintaining tilapia fingerlings.
That means tilapia fingerlings reared in the current generating circular tank have the optimum
value for them to live, despite the lowest temperature shows a value slightly below optimal
since no heater was used in the installation.

4. CONCLUSIONS

The conclusions from this research are the current generating circular tank with 0.1 m s
did not affect the survival of tilapia fingerlings when challenged by A. hydrophila, hence it
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resulted in rapid recovery shown by lesser gross clinical symptoms and better RBCs and WBCs
numbers in certain period of time (10 days after challenged).
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