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Introduction

Abstract: The high feeding and the metabolic output of the fish in intensive aquaculture can
cause various problem, such as poor water quality and slowing down the fish growth
performance. Recirculating Aquaculture System (RAS) is a solution to maintain water
quality. Unfortunately, the conventional mechanical filter in RAS such as japmat is
inefficient. One strategy that can be applied is to use a hydrocyclone. This research aims to
observe the fish growth performance in RAS pond using hydrocyclone mechanical filter and
its comparison with the use of japmat. Research method was performed by comparing
hydrocyclone and japmat in the pond with the RAS system. The research design is
completely randomized design (CRD), with three replications in each treatment. The
research was carried out through five stages, namely hydrocyclone set-up, RAS ponds set-
up, water quality analysis, fish growth measurement, and statistical analysis. Based on the
Independent Samples Test, the use of hydrocyclone mechanical filters has a significant effect
(P<0.05) on the measured water quality parameters (DO, Temperature, pH, TDS, NHs)
except for NO,. Hydrocyclone significantly affect Average Daily Growth and Specific Daily
Growth parameters. Whilst, the Survival Rate and Feed Conversion Ratio parameters, it did
not give significant effect.
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Poor water conditions can also inhibit fish growth
performance. Aquaculture ponds that contain high

Intensive aquaculture is characterized by high
stocking densities and the full use of highly nutritious
formula feed to achieve high production (Shitu et al.,
2020; Inayah et al., 2023). This high feeding and the
metabolic output of the fish will result in an increase in
nitrogen compounds and organic matter left behind in
the water, which can cause various problems such as
reduced dissolved oxygen, eutrophication, and the
growth of bacteria that can cause disease (Sabu et al,,
2021; Hoang et al., 2020; Abdel-Tawwab et al., 2020). One
of the solutions to reduce the problems caused by
wastewater is to change the water. However, changing
large amounts of water every day is a waste of water
resources and causes pollution (Nadiro et al., 2023).

How to Cite:

particles from the left-over feed and fish excretion can
increase the NHs, NO,, TDS in water, and decrease the
pH and DO, which all these parameters are needed to be
in the optimum level to accelerate the fish growth (de
Silva et al., 2022; Laza et al., 2021; Setyono et al., 2023).
Studies have shown that exposure to suspended
sediments can impact the gill structure and microbiome
of fish larvae, potentially influencing the distribution
patterns of fish assemblages (Hess et al., 2015).
Recirculating Aquaculture System (RAS) is a
solution to save water and protect the environment. RAS
has the concept of reusing water from the pond, which
has passed through physical, chemical, and biological
filters (El-Hashash et al., 2023; Sterling, 2022). Physical
filter or usually called with mechanical filter. In a

Rahmawati, A., Supriatin, F. E., Andayani, S., Mubarok, M. N., & Rahman, A. (2024). Fish Growth Performance in RAS Pond Using Hydrocyclone
Mechanical Filter. Jurnal Penelitian Pendidikan IPA, 10(4), 2129-2135. https:/ /doi.org/10.29303/jppipa.v10i4.6149


https://doi.org/10.29303/jppipa.v10i4.6149
https://doi.org/10.29303/jppipa.v10i4.6149

Jurnal Penelitian Pendidikan IPA (JPPIPA)

mechanical filter, water originating from a pond
containing metabolic waste and other suspended
particles passes through a mesh or layer filter which
traps or filters suspended particles on the surface of the
mechanical filter layer. This aims to reduce the workload
of the subsequent filter room. If dirt in the form of solid
particles or suspended particles can be filtered in this
mechanical filter, then the filter room will not be
burdened with filtering coarse particles (Henares et al.,
2019).

The types of mechanical filters that are widely used
by cultivators are sponges, brushes, fibers, cotton fibers.
There are many types of cotton fiber, such as dacron
cotton, bio foam, japmat, and matala. Conceptually, all
types of mechanical filters are the same, namely filtering
solid particles using several densities (Priono & Satyani,
2012). The advantage of the mechanical filter is that it is
easy to clean and can be reused, but with high fish
density and high metabolic output, the mechanical filter
gets dirty easily, so it must be cleaned at least once a
week. The washing process is quite complex, because it
has to opened the entire filter chamber, remove the filter
materials, and then wash them.

Hydrocyclone is a device for separating dirt
particles that requires minimal maintenance. The
function of the hydrocyclone is based on the pressure
difference, centrifugal and centripetal forces formed by
the water vortex. The centrifugal force of the vortex
causes the particles in the water to be dispersed away
from the vortex, and the pressure difference formed in
the hydrocyclone moves the filtered and unfiltered
water. In this hydrocyclone there are no moving objects
or materials or tools, the entire filtration process is
operated by water flow and the geometric shape of the
hydrocyclone device itself (Bashir, 2015). According to
Tavares et al. (2002) hydrocyclones are very sensitive to
particle size distribution and density differences. The
separation performance for most high-pressure
hydrocyclones is with densities above 2 g/cm3 and fine
particles below 212 pm. Because the separation
performance of the hydrocyclone can be improved by
increasing the centrifugal force difference between the
solid and the liquid.

Unfortunately, the mechanical filter in RAS always
needs to be cleaned at least once a week which makes
the mechanism inefficient because it wastes a lot of time
for the fish farmers. One strategy that can be applied is
to use a hydrocyclone that utilizes centrifugal force to be
able to precipitate dirt particles in aquaculture
wastewater. The famers only need to open the valve of
hydrocyclone to discharge the effluent. Hence, it can
shorten the period of cleaning the filters, and if the
filter’s purification can be done easily, it can enhance the
quality of the water and increase the fish growth
performance. This research aims to observe the fish
growth performance in RAS pond using hydrocyclone
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mechanical filter and its comparison with the use of
japmat.

Method

This research was performed on Juny to August
2023, by comparing two treatments in the pond with the
RAS system, treatment (A) using a japmat filter, and
treatment (B) using a hydrocyclone filter. Each treatment
has three repetitions that randomized in placement, so
the research design is completely randomized design
(CRD).

Hydrocyclone Set-Up

The manufacture of the hydrocyclone begins with
the design of the hydrocyclone. The hydrocyclone is
made using an iron drum with a height of 70 cm and a
diameter of 37 cm. Iron drum tip was cut and formed
into a 17 cm diameter cone with a 3 cm diameter hole for
pipe installation. At a height of 28 cm from the bottom
of the drum surface, a 5.08 cm hole was made for the
inlet pipe, and at a height of 17 cm from the bottom of
the drum surface, a 5.08 cm hole was made for the outlet
pipe. At the bottom of the drum, a 2.54 cm hole is made
to install a faucet to facilitate hydrocyclone backwash.
The japmat was made from the fiber with a small pore
size.

RAS Ponds Set-Up

inlet pipe of the

culture pond Outlet pipe from

the hydrocyclone
to the water

reservoir before
Hydrocyclone entering the pond

drum

Water drum
t before entering
the pond

Outlet for
Backwash

Outlet pipe from
the water
reservoir to the
pond

This reseach was used a 1.5 m diameter and 1.2 m
high tarpaulin pond with aquaculture intensive
methods. The commodity was tilapia with a length
range of 11-14 cm and a weight of 100-160 g with a
stocking density of 60 fish/m3. Each pond was given a
mechanical filter according to the research treatment. A
pump was also installed to help with water recirculation
and an aerator for oxygen supply. Feeding was
conducted with T78-3 brand pellets three times a day
with the amount of feed 3% of the tilapia weight
(Rahmawati et al., 2021). Figure 1 and 2 exhibits the set
up of both treatments using hydrocyclone and japmat
filter.
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Water drum before
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Figure 2. Japmat in mechanical filter

Water Quality Analysis

Sampling of pond water for water quality tests was
conducted every day for 30 days, with parameters such
as Dissolved Oxygen (DO), pH, temperature. While the
parameters of Total Dissolved Solids, nitrite, nitrate
were measured on days 7, 14, 21, and 28.

Survival Rate

Measurement of fish survival rate was conducted to
determine hydrocyclone treatment could increase the
number of fish alive at the end of the observation.
Survival rate calculation used the following formula:

Nt
Survival Rate = N—0x100% @

With Nt as final number of tilapia, and No as initial
number of tilapia (Stejskal et al., 2021).

Fish Growth Performance

Fish growth performances are used to determine
the impact of using hydrocyclone on mechanical filters
on fish growth. Fish growth parameters in this study are
Average Daily Growth (ADG), Specific Growth Rate
(SGR), and Feed Conversion Ratio (FCR) with the
following formula:

pcp = V- We @
- f

With Wt as weight of fish at the end of treatment, Wo as
Fish weight at the beginning of treatment, and f as the
amount of feed given (Augustine et al., 2020).

Table 1. Result of Daily Water Quality Test
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ABW?2 — ABW1

ADG = 1st and 2nd sampling period

®)

With ABW1 as initial weight (g), and ABW2 as final
weight (g) (Kurniawan et al., 2014).

_ InWt — LnWo

SGR = x100% 4

With Wt as Average weight of fish at the beginning of
research (g), and Wo as Average weight of fish at the end
of the research (g) (Sari et al., 2022).

Statistical Analysis

The data that was obtained from laboratory
measurements were then statistically analyzed with the
Independent Samples Test to determine the effect of
using different mechanical filters on the parameters
measured. Statistical analysis was performed with the
SPSS 16 for windows program. Statistical analysis is
conducted through the stages of descriptive analysis,
assumption testing, to independent sample tests.
Independent sample tests are carried out after the
variance homogeneity test.

Result and Discussion

Water Quality

Water quality measurements were conducted to
determine the effect of hydrocyclone on water quality.
The results obtained showed that the use hydrocyclone
affected the DO, pH, and temperature values of the
pond. As seen in Table 1, the DO value in the pond using
the hydrocyclone was found to be at an average of 17.81
mg/L higher than in the pond using the japmat which
was at an average of 15.20 mg/ L. The water temperature
in the rearing ponds showed a slight difference in water
temperature for both filters, which was 27.54°C for the
hydrocyclone and 28.09°C for the japmat. Meanwhile,
the pH of the pond water shows that the pond using
japmat has a lower pH of 6.64 compared to the pond
using hydrocyclone which is 7.32.

Daily water quality parameter Japmat Hydrocyclone Optimal level P value
DO (mg/L) 15.20+2.56 17.81+£1.21 >4mg/lLa 0.00
pH 6.64 +£0.57 7.32+0.16 6.6 - 8.5b 0.00
Temperature (°C) 28.09 £0.35 27.54£0.18 25-32°Cc 0.00

Note: aBoyd & Tucker (1992), PTimmons & Ebeling (2013), <Wijayanti et al., (2019)

These results are in accordance with previous
research that the type of mechanical filter will affect the

organic particles that enter the pond, the more particles
that enter, the inversely proportional to the DO value.
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This is because organic particles will undergo
decomposition which requires a lot of oxygen, so that the
DO value can drop. The lower DO value will increase
the temperature in the pond and make the pond more
acidic (Hapsari et al., 2020). High water temperature is
negatively correlated with low dissolved oxygen in
intensive ponds (Szewczyk et al., 2023). The temperature
sensitivity of organic matter (OM) degradation, which
affects dissolved oxygen levels, increases with rising

Table 2. Result of Weekly Water Quality Test
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temperatures  (Carbajal-Herndndez &  Sénchez-
Fernandez, 2016). In a study of intensive aquaculture
ponds, water temperature and dissolved oxygen content
varied between 22.54-31.48°C and 5.04-9.88 mg/L,
respectively (Kikuchi et al., 2023). The dissolved oxygen
concentration in a pond was negatively correlated with
temperature variations in the air and pond water.
Therefore, high water temperature is associated with
low dissolved oxygen in intensive ponds.

Weekly water quality parameter Japmat Hydrocyclone Optimal level P value
NH; (mg/L) 9.22+0.44 7.05£0.35 <0.052 0.00
NO> (mg/L) 0.35+0.26 0.02+0.22 <1k 0.16
TDS (mg/L) 296.50 + 62.00 221.00 +10.64 <1000< 0.01

Note: aBoyd & Tucker (1992); bPillay & Kutty (2005); <Wijayanti et al., (2019)

The use of hydrocyclone also showed a significant
effect on weekly measured water quality parameters
such as NH3 and TDS. TDS values in the ponds with
hydrocyclone had a lower average of 221 mg/L
compared to the Japmat ponds which had an average of
296.5 mg/L. NHj3 values in both ponds had levels above
the optimal water quality value for aquaculture. DO
values are inversely proportional to NH; and TDS
values. Low DO values can inhibit the nitrification
process which causes an increase in ammonia (Zhu et al.,
2010; Park et al., 2016; Hong et al., 2017). The NO» value
in the pond using the hydrocyclone was found to be at
an average of 0.02 mg/L which was lower than the pond
using the japmat at an average of 0.35 mg/L. Based on
the Independent Samples Test, the use of hydrocyclone
mechanical filters has a significant effect (P < 0.05) on the
measured water quality parameters except for NOs.
Although hydrocyclone does not have a significant
effect on NOy, it has a better NO» value than japmat.

The effect of hydrocyclone filters on water quality
is significant. Hydrocyclones with sorption (filter
elements can effectively purify irrigation water from
mechanical impurities and microdrops of organic
pollutants (Lamskova et al., 2022). The hydrocyclone's
filter can lower the total dissolved solids by effectively
reducing the concentration of impurities in the water.
The modernization of the hydrocyclone's structural
elements, such as the installation of an impeller on the
outlet of the clarified product, increases the centrifugal

Table 3. Result of Fish Growth Performance

force of the swirling liquid flow, leading to improved
efficiency in cleaning water (Ovchinnikov et al., 2022).
Hydrocyclones with filtering side surface drain pipes
can significantly increase the degree of water
purification from mechanical impurities (Lamskova et
al., 2020). Overall, hydrocyclone filters have a positive
impact on water quality by removing impurities and
contaminants.

Survival Rate and Growth Rate

Water quality conditions in ponds that use
hydrocyclone significantly affect fish growth
parameters, especially in the parameters of Average
Daily Growth and Specific Daily Growth. In the Survival
Rate and Feed Conversion Ratio parameters, the use of
hydrocyclone does not have a significant effect.
Although it does not show a significant effect, the use of
hyrocyclone produces better water quality than japmat
which makes hydrocyclone have better SR and FCR
values. From table 3 it can be seen that, the growth of
tilapia in the aquaculture pond using hydrocyclone has
better growth compared to tilapia cultured using
japmat. This is because different mechanical filters have
different filter effectiveness, the dirtier particles that can
be filtered, the better the water quality in the cultivation
pond which can cause maximum growth of fish (Sari et
al., 2022). From Table 1 and 2 shows that the water
qualities of hydrocylone’s pond are better than japmat’s,
hence the fish growth are better in hydrocyclone.

Fish growth performance Japmat Hydrocylone P value
Survival rate (%) 98.00 + 2.64 99.67 +0.58 0.400
Average daily growth (gr) 1.63 +0.31 2.50+0.22 0.016
Specific growth rate (gr) 38.90 +7.08 5417 +3.74 0.017
Feed conversion ratio 6.48 +1.43 419+0.36 0.055

As studied by Wei et al. (2019) low dissolved
oxygen individually reduced larval blue crab survival
by more than 90% compared to the control treatment,

while low pH had no effect. However, in Liu et al. (2023),
within 14-day experiments, the combined effects of low
dissolved oxygen and low pH were additive and
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resulted in lower survival rates than the individual
treatments. These findings suggest that both low
dissolved oxygen and low pH can have acute effects on
the survival of organisms in intensive ponds, and their
combined effects may contribute to interannual
variability and possible regional declines in fisheries
(Saha et al., 2013). Water quality parameters have a
significant effect on fish growth (Omweno et al., 2022;
Tumwesigye et al., 2022).

Conclusion

According to the findings, ponds with
hydrocyclone mechanical filters have better water
quality than japmat mechanical filters. Fish growth in
rearing ponds using fydrocyclone is better than japmat.
The use of hydrocyclone provides time and energy
efficiency for farmers in backwashing the particles left in
the hydrocyclone.
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