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INTRODUCTION

Tilapia (O. niloticus) is a freshwater

Abstract

Tilapia (Oreochromis niloticus) is a cultivated commodity
that is widely developed because of its economic value and
high nutritional content. However, in aquaculture activities,
problems such as water pollution reduce water quality. This
problem means continuous water changes to maintain water
quality. A recirculation system can be a solution by reusing
water. The use of filters is an important factor in a
recirculation system. One alternative filter is chitosan derived
from crab and shrimp shell waste. This study aims to
determine the optimal concentration of chitosan as a
recirculation filter. The study was conducted experimentally
using a completely randomized design with four treatments
and three replications. Each treatment is a variation of the
concentration of chitosan as a filter. Analysis of measurements
carried out was absolute weight growth, specific growth rate,
survival, and water quality. Based on the ANOVA results, each
treatment had a significant effect on the absolute weight
growth of tilapia, P<0.05, with P3 being the most significantly
different. At the same time, the specific growth rate and
survival of tilapia did not significantly affect P>0.05. The
water quality measurements showed that the temperature,
pH, ammonia, and DO values were still by the quality
standards of tilapia aquaculture, with P3 treatment, which
gave better water quality results. Based on the study results,
the optimal concentration of chitosan as a filter in supporting
tilapia growth was in the P3 treatment, which was 50 mg.

causes a decrease in water quality,

fish that is widely cultivated because it has
economic value and nutritional content as
a protein source of 17.5% of fish protein
in general, which is 18%. The increase in
tilapia aquaculture production intensifies
intensively with high stocking densities
and high feed amounts. However, this
method produces aquaculture waste
problems in the waters. This condition
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requiring an ample water supply for
changing cultivation water (Sumoharjo,
2010). Water is an important element
because it is a living medium, feed
distribution, and oxygen for aquatic biota.
However, the water medium in
aquaculture is susceptible to
contamination by various activities
(Situmorang, 2017).
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The recirculation system is the right
solution with a system that reuses water
by rotating the water continuously
through a filter intermediary or into a
filter container (Fauzzia et al., 2013). The
working system of recirculation is that
water from the maintenance media has
flowed into the filter, and then the water
flows back to the maintenance media. This
system can maintain water quality
conditions in the optimal range. The use of
a recirculation system is expected to
increase the carrying capacity of the
culture media because the water used can
be appropriately controlled, is effective in
water  utilization, and is more
environmentally friendly for fish life and
growth (Zonneveld et al., 1991). The key
to the recirculation system is the use of
filters. Filters used in recirculation systems
are usually composed of biocrystal, coral,
zeolite, and activated carbon (Thesiana
and Pamungkas, 2015).

The selection of filters in the
recirculation system is very important
because it has the function of maintaining
water quality. One alternative filter is
chitosan. Chitosan comes from fishery
waste chitin substances such as crab and
shrimp shells, which are significant and
underutilized. Therefore, this makes
chitosan an environmentally friendly and
effective filter alternative. Chitosan has
advantages as an adsorption filter as well
as a natural antibacterial. Chitosan is in
the form of yellowish-white flakes,
odorless and tasteless, so it is safe to use
in aquaculture (Teguh, 2003). Chitosan is
non-toxic with the characteristic of having
amino functional groups as a natural
protein in waters for aquaculture biota
(Kartini, 1997). Chitosan has been
investigated and effectively filters toxic
compounds such as heavy metals Pb, Cu,
Cr, and Hg in waters (Thariq et al., 2016).

The growth and survival of tilapia
are strongly influenced by good water
quality. Because water is vital in
aquaculture activities, it is necessary to
use the correct method in water quality
management (Kelabora and Sabariah,
2010). The use of chitosan with the right
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concentration needs to be done to produce
maximum results. This research was
conducted with variations in chitosan
concentration to obtain the best growth
rate and survival of tilapia.

METHODOLOGY
Place and Time

This research was conducted in
December 2021-March 2022 at the Mini
Hatchery Laboratory and Water Quality
Laboratory, Faculty of Fisheries and
Marine, University of Borneo Tarakan.

Research Materials

The tools used during the research
were a water pump (Yamano WP-3600),
aquarium, aerator, analytical balance
(Mettler Toledo AL-204), and UV-Vis
spectrophotometer. The materials used in
the study were tilapia (Oreochromis
niloticus) seeds measuring 4-5 cm, crab
shell chitosan with 95.22% deacetylation
purchased from CV. Chi Multiguna,
sponge, gravel, filter paper, charcoal,
pellet feed PF999, and aquadest.

Research Design

The method used in this study was
an experimental method with a
completely randomized design (CRD),
which consisted of four treatments and
three replications. Each treatment
consisted of 12 tilapia seeds measuring 4-
5 cm/head. Maintenance was carried out
for 30 days. Research tests with variations
in the concentration of chitosan used are
as follows:
P1 : Control without filter
P2 : Charcoal filter + sponge + chitosan
0 mg + sponge + gravel
: Charcoal filter + sponge + chitosan
50 mg + sponge + gravel
: Charcoal filter + sponge + chitosan
100 mg + sponge + gravel

P3

P4

Work Procedure

The maintenance container used an
aquarium that is washed first with clean
water. The aquarium was then filled with
12 liters of water each. A filter container
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was placed in the aquarium with an
arrangement starting from the bottom,
namely charcoal, sponge, chitosan,
sponge, and gravel. After that, the adapted
tilapia seeds were included in the
aquarium as many as 12 fish per
aquarium. The fish were then reared for
30 days by being fed PF 999 pellets two
times a day, namely 08.00 and 16.00 ad
libitum. Tilapia growth was observed by
calculating absolute weight and specific
growth rate (SGR) by measuring weight at
the beginning and length at the end of
rearing tilapia. According to Effendie
(1997), the absolute weight calculation
formula is as follows.
Wm = Wt - Wo
Where:
w absolute growth (g)
Wt final weight (g)
Wo initial weight (g)
t = maintenance time (days)
Observation of growth in each
treatment was carried out for 30 days. The
growth rate is calculated using the SGR
equation or the specific growth rate

(Effendie, 1997).
InWt — InWo

SGR =

Where:

SGR = specific growth rate (%)
Wt = final weight (g)

Wo = initial weight (g)

X 100%

2,95

Wm (gr)

2,91
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Survival Rate (SR) is the survival
rate in a cultivation process. The survival
of tilapia can be calculated using the
formula according to Effendie (1997).

Nt
SR=—%x100%
No

Where:

SR = survival rate (%)

Nt = number of live fish
No = initial number of fish

Measurements of water quality that
are carried out are temperature, pH, DO,
and ammonia measured every week.

Data Analysis

Tilapia growth data were analyzed
using ANOVA with an error of 5% to
evaluate the effect of variations in chitosan
concentration in filter arrangement. If the
analysis results are significantly different,
proceed with the LSD test.

RESULTS AND DISCUSSION
Absolute Weight Growth

The observations of absolute weight
growth of tilapia for each treatment
showed a difference. The highest absolute
weight growth obtained in treatment P3
was 4.26 g, followed by treatment P4 at
4.08 g, followed by P1 at 2.95 g, and the
lowest was obtained in treatment P2 at
2.91 g. The absolute weight growth of
tilapia is shown in Figure 1.

4,26 4,08

Figure 1.

Based on the graph above, the
absolute weight growth of tilapia in the P3
treatment with 50 mg chitosan
concentration in the filter was better than
in other treatments. ANOVA then tested
these results, showing a p-value <0.05,
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which means the results of each treatment
were significantly different. Duncan's
Multiple Range Test (DMRT) showed that
P1 and P2 were significantly different
from P3 and P4, with the best result of
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absolute weight growth at P3, namely 50
mg chitosan concentration.

Chitosan has a reactive amine (NH)
group and a hydroxyl group to act as an
active component binder, absorber,
stabilizer, clarifier, flocculants, and
coagulants in water (Suptijah, 2006).
Because of these properties, chitosan can
act as a filter in maintaining water quality.
Good water quality will be directly
proportional to the growth of cultivated
biota (Prayogo et al., 2012). The
recirculation system circuit consists of an
array of filters. The filter serves to clean
the waste from the maintenance tank so
that the water from the filter tank flows
back into the maintenance tank. Filters
play a role in water treatment to remove
pollutants so that water quality can be
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(Thesiana et al., 2020). The addition of
chitosan with the right concentration in
the filter arrangement will make the filter
work in reducing water pollutants more
optimally. This is because chitosan has an
amine group with an electron pair so it is
able to bind pollutant substances in the
waters. Quality water will increase fish
appetite and prevent pathogenic bacteria
so as to increase the growth of tilapia.

Specific Growth Rate

Measurement of the SGR of tilapia
in each treatment obtained the highest
percentage of SGR obtained in treatment
P3, which is 0.33%, then treatment P4 is
0.30%, treatment P1 is 0.28%, and
treatment P2 is 0.27 %. The graph of the
SGR value is shown in Figure 2 below.

0,33

Treatment

maintained during maintenance
0,28 0.27
g
=4
O]
w
1
Figure 2. The specific growth rate of tilapia.

The specific growth rate of tilapia
showed that, in the P2 treatment, the SGR
value was lower than in the P1, P3, and P4
treatments. However, in general, the
growth rate of tilapia in all treatments
showed promising results. According to
Hidayat et al. (2013), growth is influenced
by several factors, namely internal factors
and external factors. Internal factors
include heredity, disease resistance, and
the ability to utilize food, while external
factors include physical, chemical, and
biological characteristics. ANOVA showed
that the addition of chitosan with
concentration variations in the filter was
not significantly different between
treatments, namely p>0,05.

Based on the graph, the specific
growth rate in P3 treatment with 50 mg
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chitosan concentration gave the highest
results.  This result follows the
measurement of the absolute weight of
tilapia. The use of chitosan with the right
concentration can increase the ability of
chitosan as a filter. If the concentration of
chitosan is too much, it can pollute the
waters, causing turbidity. This is because
chitosan is insoluble in water (Teguh,
2003). The best concentration of chitosan
will increase the role of the filter in the
recirculation system. A filter that works
well will maintain water quality. Good
water quality prevents fish from stress
thereby increasing fish consumption. This
feed will increase the energy needed to
support the body's metabolic processes in
digesting and absorbing high protein feeds
efficiently maximum to be used in the
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growth process so as to increase growth,
this in particular can increase growth,
especially the SGR value (Wong et al.,
2006).

Survival Rate

The survival rate is the percentage of
fish that live at the end of the rearing
period compared to the number of fish at
the beginning. The results showed that the

100 94

75

SR (%)

50

25

Figure 3. The survival rate of tilapia.
The survival rate of tilapia was
lowest in the P1 treatment. At the same
time, the treatment P2, P3, and P4 had the
same value, which reached 100% or no
tilapia mortality during maintenance. The
high survival rate of tilapia reared is
caused by the maintenance media that
supports the survival of tilapia. The
survival of fish is highly dependent on the
adaptability of fish to food and the
environment, fish health status, stocking
density, and sufficient water quality to
support growth (Mulyani et al., 2014).
The analysis of variance (ANOVA)
showed that the administration of
chitosan with different concentrations was
not significantly different between
treatments, namely p>0,05. One of the
factors that affect survival is water quality.
Based on the results of measurements of
water quality temperature, pH, DO, and
ammonia, good results were obtained for
tilapia aquaculture. The results of research
by Ibrahim et al. (2009) show chitosan is
able to purify fishery wastewater including
stabilizing the pH to remain neutral from
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highest survival rate of tilapia was 100%
in the P2, P3, and P4 treatments. At the
same time, the treatment of P1 without the
filter was 94%. Mulyani et al. (2014)
stated that the survival rate of fish at 50%
is reasonable. Survival of 30-50% is
moderate, and less than 30% is not good.
Based on this, the survival value of tilapia
in all treatments was still optimal. The
following is a graph of the percentage of
survival (SR) of tilapia (O. niloticus).

100 100

Treatment
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6.6 to 6.8, reducing the turbidity value by
94.33%, and absorbing ammonia by
80.84-82.56%. This is due to the reactive
nature of chitosan from the amine and
hydroxyl groups as electron donors. These
properties cause chitosan to react with
pollutant particles in the water.

Water Quality

Water quality measurements were
carried out during the study to maintain
the quality of cultivated water. Good
water quality is an essential factor for
living things in the water. Poor water
quality during -cultivation can inhibit
growth, cause disease in fish and even
cause death in fish. Good water quality is
measured by the biological needs of fish or
is still within the tolerance limit for fish to
survive (Effendi, 2009). Water quality
measurements were carried out, including
temperature, pH, and ammonia. The
results of water quality measurements are
shown in the following table.
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Table 1.  Growth measurement results on floating net cages.
Treatment Temperature (°C) pH Ammonia (mg/1) DO (mg/L)
P1 26-27 6.69 0.11 4.78
P2 26-27 7.25 0.08 5.96
P3 26-27 6.72 0.05 5.96
P4 26-28 6.69 0.06 5.61
Quality standard
(Effendi, 2009) 25-32 68 <1 +6
Based on the water quality water pollution. This is also supported by

measurements, the temperature for each
treatment was still following the quality
standard during the study. The
measurement of the water temperature of
the maintenance media was relatively
stable due to filters in the recirculation
system. This follows the research of
Samsundari and Wirawan (2013), which
states that the temperature is relatively
constant due to the filtration process. The
pH measurements during the study
followed the quality standards of tilapia
aquaculture. According to Effendi (2009),
the pH of the water suitable for tilapia
ranges from 6-to 8. The pH measurements
in this study were relatively stable, namely
6-7. This affects the growth and survival of
tilapia. Significant changes in pH can
cause fish to become stressed, which can
cause disease in fish (Izzati, 2011).

Based on the results of ammonia
measurements during the study, it was
shown that treatment P2, P3, and P4 using
a recirculating filter system produced
lower ammonia values than the P1
treatment without a recirculating filter
system. The P3 treatment produced the
smallest ammonia value, directly
proportional to the better tilapia growth
results in the P3 treatment. This shows
that using a chitosan concentration of 50
mg is best.

Based on the measurement of
dissolved oxygen (DO) results in this
study, all treatments were within the
quality standards of tilapia aquaculture.
The highest DO value was obtained in the
treatment using a recirculation filter. The
filter system will increase the oxygen in
the waters because of the decrease in
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the use of aeration during the study.

CONCLUSION

Based on the study results, it was
found that the use of a recirculation filter
system resulted in good growth, survival,
and water quality. The addition of
chitosan with concentration variations had
a significant effect on the absolute weight
growth of tilapia. The concentration of
chitosan that resulted in good growth,
survival, and water quality was P3
treatment, which was 50 mg.
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