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ABSTRACT 

Efforts to increase tilapia production are carried out through intensive culture by taking into account 
various aspects that support fish survival. The culture system that supports intensive culture is the 
Recirculation Aquaculture System (RAS). The RAS technology has the ability to support aquaculture 
with very high density and high yields compared to open culture systems. This technology must be 
added with a biofilter to reduce toxic ammonia because of its high density, so research is carried out 
using several biofilter media which have become important biofilter media for both RAS in freshwater 
and seawater. This study aims to determine the effect of different biofilter media in RAS on 
decreasing Total Ammonia Nitrogen (TAN) concentration and survival rate of tilapia seeds. The 
method used was experimental with three treatments and four replications. Tilapia with an average 
individual weight of 3.40 ± 0.15 g were maintained in RAS with three different biofilter media 
treatments, sand (A), polystyrene microbeads (B) and kaldnes (C). The parameters observed were 
TAN removal efficiency, specific growth rate (SGR) and survival rate (SR). The results showed that 
different biofilter media had a significant effect (P <0.05) on the TAN removal efficiency value but had 
no significant effect (P> 0.05) on the SGR and SR values. The sand for biofilter media treatment (A) 
gave the best TAN removal efficiency of 36.61±4.82%. 
Key words: kaldnes, polystyrene, sand, TAN, tilapia 
 

ABSTRAK 

Upaya peningkatan produksi ikan nila dilakukan melalui budidaya secara intensif dengan 
memperhatikan berbagai aspek yang menunjang kelangsungan hidup ikan. Sistem budidaya yang 
mendukung budidaya intensif adalah Sistem Budidaya Resirkulasi (Recirculation Aquaculture 
System; RAS). Teknologi RAS memiliki kemampuan untuk mendukung budidaya dengan kepadatan 
yang sangat tinggi dan hasil yang tinggi dibandingkan dengan sistem budidaya terbuka. Teknologi ini 
harus dilengkapi dengan biofilter untuk mengurangi amonia yang beracun karena kepadatannya yang 
tinggi, sehingga dilakukan penelitian dengan menggunakan beberapa media biofilter yang telah 
menjadi media biofilter penting, baik untuk RAS di air tawar maupun air laut. Penelitian ini bertujuan 
untuk mengetahui pengaruh media biofilter yang berbeda dalam RAS terhadap penurunan 
konsentrasi Nitrogen Amonia Total (Total Ammonia Nitrogen; TAN) dan kelangsungan hidup benih 
ikan nila. Metode yang digunakan adalah eksperimen dengan tiga perlakuan dan empat ulangan. Ikan 
nila dengan bobot individu rata-rata 3,40 ± 0,15 g dipelihara pada RAS dengan tiga perlakuan media 
biofilter yang berbeda, yaitu pasir (A), polystyrene microbeads (B) dan kaldnes (C). Parameter yang 
diamati adalah efisiensi penurunan konsentrasi TAN, laju pertumbuhan spesifik (SGR) dan tingkat 
kelangsungan hidup (SR). Hasil penelitian menunjukkan bahwa media biofilter yang berbeda 
berpengaruh nyata (P<0,05) terhadap nilai efisiensi penurunan konsentrasi TAN tetapi tidak 
berpengaruh nyata (P>0,05) terhadap nilai SGR dan SR. Pasir untuk perlakuan media biofilter (A) 
memberikan efisiensi penyisihan TAN terbaik sebesar 36,61±4,82%. 
Kata kunci: kaldnes, polystyrene, pasir, TAN, nila 
 
 

1. Introduction 

Tilapia (Oreochromis niloticus) is a 
freshwater fish species that is tolerant of 
brackish and marine waters with a salinity of 
up to 20 ppt. Tilapia production in the world 
has continued to increase for almost a decade 
(Arini et al., 2018). Tilapia is one of the 
freshwater commodities that is most in 
demand by various groups, both local and 

foreign people (Putra et al., 2011; Fadri et al., 
2016). Tilapia is one of the important 
commodities and is widely cultivated in the 
world (Shiau and Chin, 1999). Tilapia 
production in the world has increased 
considerably within 6 years. In 2010, tilapia 
production was 2,537,445 tons, while at the 
end of 2016 the production increased to 
4,199,556 tons (FAO, 2019). Indonesian tilapia 
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production ranks third after China and Egypt 
(FAO, 2007). Tilapia production in Indonesia 
has increased every year. Production has 
almost doubled in 6 years. In 2012, tilapia fish 
production was 695,063 tons, while in 2017 it 
reached 1,265,201 tons (KKP, 2018). 

Efforts to increase tilapia production are 
carried out through intensive cultivation by 
paying attention to various aspects that 
support fish survival such as water availability, 
cultivation areas and good environmental 
quality (Putra et al., 2011; Hapsari et al., 
2020a; Hapsari et al., 2020b). Intensive 
cultivation is characterized by high density and 
can encourage an increase in feeding which 
can lead to an increase in waste from leftover 
feed and fish feces (Harwanto and Jo., 2010; 
Setijaningsih and Umar, 2015). Intensive fish 
farming is indeed more efficient in producing 
fish, but the resulting waste will also increase. 
Aquaculture activities will produce waste from 
feed residue and fish metabolism containing 
ammonia. 

A problem that is often encountered in 
intensive fish farming is the rapid accumulation 
of waste from feed residue and fish 
metabolism (Setijaningsih and Umar, 2015; 
Dwiputra et al., 2021). Intensive cultivation 
also produces chemical wastes such as 
nitrogen and phosphate elements contained in 
the culture media water. An increase in density 
and length of time to keep fish will be followed 
by an increase in the levels of ammonia in the 
water (Avnimelech, 2006; Shafrudin et al., 
2006; Harwanto et al., 2010). Fish excrete 80-
90% ammonia through osmoregulation, feces 
and urine (Shafrudin et al., 2006). Ammonia 
that is not oxidized by bacteria for a long time 
and continuously will be toxic to cultured fish 
(Chen and Kou, 1993; Benli and Koksal, 2005; 
Dauhan et al., 2014; Norjanna et al., 2015). 

The cultivation system that can be 
carried out for intensive cultivation is by 
applying the Recirculating Aquaculture System 
(RAS). The RAS technology has the ability to 
support cultivation activities with a very high 
density and high yields compared to open 
cultivation systems (Klanian and Adame, 
2013). The water in this system is reused by 
using waste treatment media such as 
biological filters to control and stabilize water 
conditions, reduce the amount of water used 
and increase fish survival (Martins et al., 
2010). 

Efforts to reduce ammonia in intensive 
aquaculture with RAS can be done by adding 
a biofilter to the system to remove ammonia 
which is toxic to fish. The biological filtration 
process is the most important thing in 
recirculation culture systems (Miller and Libey, 

1985; Losordo et al., 1998; Harwanto and Jo, 
2010; Isroni et al., 2019, Oktavia et al., 2021). 
Biological filters in the recirculation system 
should use media that is capable of providing 
a suitable environment for the growth of 
nitrifying bacteria. Sand, polystyrene 
microbeads and kaldnes are generally used as 
biofilter media and have become important 
biofilter media, both in freshwater RAS 
(Harwanto et al., 2011a) or sea water RAS 
(Harwanto et al., 2011b). 

Sand is a natural biofilter media that has 
been proven to be successfully used as a 
biofilter media to maintain the water quality of 
cultivation media (Shnel et al., 2002; 
Summerfelt, 2006; Harwanto et al., 2011a; 
Mulyadi et al., 2014). Polystyrene microbeads 
have wide commercial use among a wide 
variety of artificial filter media (Greinner and 
Timmons, 1998; Malone and Beecher, 2000; 
Malone and Pfeiffer, 2006; Timmons et al., 
2006). These filters are easy to find, 
lightweight and floatable. Kaldnes is an 
artificial plastic filter media that has been 
widely researched in the last decade (Kessel 
et al., 2010; Harwanto et al., 2011a; Harwanto 
et al., 2011b; Pfeiffer and Wills, 2011; Lebrero 
et al., 2014; Patroescu et al., 2015; Elliott et 
al., 2017) and has recently continued to be 
used (Kholif and Febrianti, 2019; Muhtaliefa et 
al., 2019, Sandy et al., 2019), so that kaldnes 
need to be developed and more introduced as 
a bofilter media. One of the advantages of this 
filter media is its specific shape and allows 
bacteria to grow, but the Kaldnes has a 
relatively small SSA (Rusten et al., 2006) 
compared to some other media such as sand 
(Summerfelt, 2006; Harwanto et al., 2011a; 
Harwanto et al., 2011b) and polystyrene 
microbeads (Greinner and Timmons, 1998). 

This study was conducted to determine 
the effectiveness of kaldnes, polystyrene 
microbeads, and sand in reducing TAN 
concentration, and further, to determine the 
effect of biofilter media on the survival and 
growth of tilapia reared in the RAS. The 
research was conducted in December 2019 - 
February 2020 at the Fish Seed Center, Mijen 
Semarang, Central Java. The research was 
conducted with a fish maintenance period for 
30 days. The TAN analysis was carried out in 
the water quality laboratory, Faculty of 
Fisheries and Marine Sciences, Universitas 
Diponegoro. 

 
2. Materials and Methods 

2.1. Materials 
Preparation of culture containers 

The maintenance containers used were 
12 rectangular plastic tubs with a size of 63 × 



80 
 

Pierrenia et al., 2021, The Effectiveness of Three Biofilter Media on Total Ammonia  

46 × 38 cm3. Filled plastic tube with water a 
height of 30 cm with a volume of water as 
much as 80 L. Cleaned plastic tube first before 
filling it with water. After being filled with water, 
it is left for 24 hours so that the substances 
contained in the water are deposited (Cromey 
et al., 2002; Ardita et al., 2015). 

Preparation of the filter container 
The filter container used is a modified 4” 

PVC pipe with a diameter of 11.4 cm and a 
height of 43 cm. Each filter container has a 
filter or buffer. There are 12 filter containers 
used with the same volume (Greinner and 
Timmons, 1998; Harwanto et al., 2011a; 
Harwanto et al., 2011b). Filter containers with 
a capacity of 4 L were placed next to each 
plastic tub for tilapia gift seed rearing. Filled 
each of the 4 filter containers with biofilter 
media of sand, polystyrene microbeads and 
kaldnes which are drained using water pump 
to grow bacteria. The water pump used for the 
water rotation process is equipped with a hose 
that connects the water pump and the water 
inlet pipe to the filter. 

Biofilter conditioning 
The biofilter conditioning carried out in 

this study aim to grow nitrifying bacteria before 
RAS is used for fish cultivation (Harwanto et 
al., 2011a; Filliazati et al., 2013; Hastuti et al., 
2014). In this study, bacteria were grown using 
fish culture wastewater at BBI Mijen. 
Cultivation waste is flowed through the biofilter 
to form a biofilm layer on the biofilter media. 
The process of bacterial growth is carried out 
for two weeks until the microorganism grow on 
biofilter media (Yani et al., 1998; Harwanto et 
al., 2011b; Filliazati et al., 2013; Nugroho et 
al., 2014). At this stage, microorganism is 
naturally attached to biofilter media by flowing 
wastewater continuously on the filter that 
already contains the biofilter media (Nugroho 
et al., 2014). If the media has formed a layer of 
brownish black mucus and is not easily 
separated from the media, it can be 
ascertained that microorganisms have grown 
on the media (Filliazati et al., 2013). 

Preparation of test fish and acclimatization 
The test fish used in this study were 420 

healthy gift tilapia fish seeds with an average 
individual weight of 3.40 ± 0.15 g / fish. The 
total fish biomass used was 1,428 g. The 
containers used were 12 plastic tubs and each 
container will be stocked with 35 gift tilapia 
seeds with a density of 1,488 g m-3. The 
stocking density used in this recirculation 
system is higher than the stocking density 
used in the study of Kawser et al. (2016) who 

used a density of 567 g m-3 with an average 
individual weight of 3.40 ± 0.3 g / fish. The test 
fish were acclimatized for seven days and put 
in the experimental container in the form of 12 
plastic tubs with artificial feeding in the form of 
pellets twice a day. 

Weighing absolute weight and absolute 
length measurement to determine the growth 
of fish was carried out at the beginning of the 
study and at the end of the study. After the 
acclimatization period was completed and 
before the study began, all tilapia seeds were 
fasted for one day and weighed (Harwanto et 
al., 2011b). This is also done at the end of the 
study to determine the growth rate. 

Feeding management 
During 30 days the maintenance of 

tilapia seeds, feeding is carried out twice a 
day, namely at 08.00 and 16.00 (Belal, 1999; 
Shiau and Chin, 1999; Lim et al., 2001; 
Takeuchi et al., 2002; Benli and Koksal, 2005; 
Adewolu, 2008; Solomon and Boro, 2010; 
Ayisi et al., 2017). Feeding was done using the 
fix feeding rate method. The amount of feed 
given was 3% of the weight of tilapia seed 
biomass per day (Lim et al., 2001; 
Mbahinzireki et al., 2001; Takeuchi et al., 
2002; Adewolu, 2008). 

 
2.2. Methods 
Water quality 

The parameters of water quality 
observed were ammonia concentration, 
temperature, pH and dissolved oxygen (DO) 
levels. Water quality measurements were 
carried out at two points in each maintenance 
container, namely water in the inlet and outlet 
of the biofilter (Harwanto et al., 2011b; 
Norjanna et al., 2015; Muhtaliefa et al., 2019). 
Measurement of temperature, pH and DO is 
carried out every morning and evening at 
08.00 and 16.00 (Karisa et al., 2005; SNI.6141 
, 2009; Mulyani et al., 2014; Norjanna et al., 
2015; Mulqan et al., 2017). Temperature and 
DO are measured using a DO meter, while pH 
is measured using a pH meter. Analysis of 
TAN concentration was carried out every 
seven days using the spectrophotometric 
method in the Water Quality Laboratory, 
Faculty of Fisheries and Marine Sciences, 
Universitas Diponegoro. 

Efficiency removal of Total Ammonia Nitrogen 
(TAN) concentration 

Biofilter efficiency can be determined by 
calculating the removal in TAN concentration, 
which is calculated using the formula from 
Shete et al. (2017); Muhtaliefa et al. (2019); 
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Hapsari et al., 2020a; Hapsari et al., 2020b 
and Dwiputra et al. (2021), i.e: 

Removal Efficiency =
TANin - TANout

TANin
× 100% 

Note: 
Removal Efficiency = The efficiency of removal 
TAN concentration (%) 
TANin = the concentration of TAN in the 
biofilter inlet (g m-3) 
TANout = the concentration of TAN in the 
biofilter outlet (g m-3) 

Volumetric TAN Removal (VTR) 
Measurement of biofilter performance 

parameters can be seen from the removal rate 
of volumetric TAN on culture media which is 
expressed as grams of oxidized TAN per 
volume of media per day (g m-3 d-1) (Shete et 
al., 2017). Furthermore, Summerfelt and Vinci 
(2004) stated that the important factors to be 
considered in the biofilter design are the mass 
of TAN removed per day and the efficiency of 
TAN removal from the biofilter. 

The VTR calculation formula used by 
Malone and Beecher (2000), Malone and 
Pfeiffer (2006), Harwanto et al. (2011b), Peiffer 
and Wills (2011), Shete et al. (2017) and 
Oktavia et al., 2021 are as follows: 

VTR = Kc × (TANin - TANout)
Qr

Vb
 

Note: 
VTR  = The removal rate of TAN (g m-3 d-1) 
Kc  = Unit conversion factor =1.44 
TANin  = concentration of TAN at the outlet 
biofilter (g m-3) 
TANout = concentration of TAN at the outlet 
biofilter (g m-3) 
Qr  = The rate of water flow through the 
filter (m3 day-1) 
Vb  = Total volume of filter media (m3) 

Specific growth rate (SGR) 
The method used to determine the SGR 

of reared fish is by calculating the percentage 
difference between the final weight and the 
initial weight divided by the length of time for 
raising fish. Growth is a process of increasing 

length and weight of an organism which can 
be seen from changes in length and weight in 
units of time. The SGR calculation formula 
used by Tekinay and Davies (2001), 
Radhakrishnan et al. (2016) and Luo et al. 
(2017) are as follows: 

SGR (% day
-1

) = 
(lnWt - lnWo)

T
× 100% 

Note: 
SGR  = Specific growth rate (% day-1) 
Wt  = Average fish weight at the end of the 
study (g) 
Wo  = average fish weight at the start of 
the study (g) 
T  = Length of maintenance (days) 

 Survival rate (SR) 
The method used to determine the SR 

of reared fish seeds is by comparing the 
number of fish seeds that are alive at the end 
of maintenance with the number of fish seeds 
that are stocked at the beginning of 
maintenance (Saputra et al., 2013). This 
formula is used to determine the percentage of 
fish survival and is also used by other 
researchers such as Tekinay and Davies 
(2001); Radhakrishnan et al. (2016); Luo et al. 
(2017) and Saravanan et al. (2018) are as 
follows: 

SR =  
Nt

No
×  100% 

Note: 
SR  = Survival rate (%) 
Nt  = Number of fish that live at the end of 
maintenance (fish) 
No  = number of fish that live at the 
beginning of the maintenance (fish) 

Data Analysis 
The results of efficiency of TAN removal 

data, VTR, SGR and SR data were analyzed 
using ANOVA analysis variance. Before the 
ANOVA analysis variance was performed, the 
data was first tested for normality, 
homogeneity and additivity tests to determine 
that the data were normal, homogeneous and 
additive for further testing, namely ANOVA 

Table 1. Water Quality Results of Tilapia Gift (O. niloticus) in Cuture Media for 30 Days 

Parameter 

Water Quality 

Tolerance 

Value 
Filter Media 

Sand 
Polystyrene 
microbeads 

Kaldnes 

Temperature (°C) 24.8-31.5 24.8-31.6 24.8-31.7 25.0-32.0* 

pH 6.5-7.5 7.0-7.6 7.0-7.5 6.5-8.5* 

DO (mg L-1) 3.11-5.84 3.10-5.60 3.10-5.86 ≥ 3.00** 

*SNI.7550 (2009) 
**Crab et al. (2007) 
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analysis variance. After the analysis of 
variance was performed, if a significant effect 
was found (P<0.05), then Duncan's test must 
be carried out to determine the differences 
between treatments (Srigandono, 1981). The 
water quality data obtained were analyzed 
descriptively. 

 
3. Results and Discussion 

3.1. Result 
Water quality 

The water quality observed in this study 
were temperature, pH, DO and TAN. 
Measurements of temperature, pH and DO 
were carried out every day. The frequency of 
temperature, pH and DO measurements were 
carried out twice a day, in the morning and 
evening. The results of water quality 
measurements during the observation are 
presented in Table 1.  

 
The results of water quality 

measurements in the form of temperature, pH 
and DO during the observation showed that 
the temperature values obtained in the tilapia 
rearing container were in the range of 24.8 to 
31.7 ° C, the pH range obtained was 6.5 to 7.6 
and DO water is in the range of 3.11 to 5.86 
mg L-1. The water quality values of pH and DO 
in tilapia rearing ponds are in a good range to 
be used as a medium for tilapia rearing, while 
the minimum range of temperature values in 
the rearing medium is not in accordance with 
the feasibility value. 

Based on Table 2, it can be seen that 
the range value of TAN for each treatment is 
different. The highest inlet and outlet TAN 
values were found in the treatment with 
kaldnes (C) biofilter media, namely 1.487 mg 
L-1 and 1.459 mg L-1, respectively. While the 
lowest inlet and outlet TAN values were 0.278 
mg L-1 and 0,239 mg L-1, respectively in the 
treatment using sand biofilter media (A). 
Furthermore, the results of the efficiency of 
TAN removal between treatments are 
presented in Table 3. 

Based on Table 3, it can be seen that 
the average value of the lowest TAN 
concentration removal efficiency among the 
three treatments was obtained in treatment C 
using a kaldnes biofilter, which was 12.53%. 
Meanwhile, treatment A had the highest TAN 
removal efficiency value, namely 36.61%. 

Volumetric TAN removal (VTR) 
The VTR value was obtained based on 

the calculation of the TAN removal value from 
each treatment. Based on Table 4, it can be 
seen that based on the test results for four 
weeks, the highest VTR value was found in the 
treatment using sand biofilter media (A) with a 
value of 76.85 ± 11.14 g m-3 d-1. While the 
lowest VTR value was 50.75 ± 4.90 g m-3 d-1 
which was found in the treatment using 
Kaldnes (C) biofilter media. 

 
The highest VTR values at weeks 1, 2, 3 

and 4 were also achieved in the treatment 
using a sand filter (A) with VTR values of 

Table 2. Results of Total Ammonia Nitrogen (TAN) Inlet and Outlet Value Range for 30 Days 

Parameter 

Filter Media Tolerance 

value Sand 
Polystyrene 
microbeads 

Kaldnes 

TAN Inlet (mg L-1) 0.054-0.278 0.040-0.382 0.054-1.487 
< 1.5* 

TAN Outlet (mg L-1) 0.000-0.239 0.000-0.351 0.034-1.459 

*Crab et al. (2007) 

 Table 3. The Efficiency of Total Ammonia Nitrogen (TAN) Removal Between Treatments 

Week 

Efficiency of TAN Removal (%) 

Filter Media 

Sand 
Polystyrene 
microbeads 

Kaldnes 

I 29.64 22.33 3.33 

II 39.29 16.17 18.24 

III 40.30 36.34 15.62 

IV 37.22 22.13 12.93 

Mean±SD 36.61±4.82a 24.24±8.55b 12.53±6.51c 

Note: The mean value for each treatment with different superscripts letter indicates a significant 
difference (p <0.05). 
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64.46, 72.29, 80.12 and 90.53 g m-3 d-1, 
respectively. While the lowest VTR value was 
found in the treatment using the kaldnes filter 
(C) with a value of 45.18, 48.80, 52.41 and 
56.63 g m-3 d-1, respectively. 

Specific growth rate (SGR) 
The value of the specific growth rate is 

calculated based on the added value of tilapia 
seed weight. There is no significant difference 
from all these values. The results of SGR 
during the observation are presented in Table 
5. 

Based on Table 5, it can be seen that 
the result of SGR for each treatment is not 
significant different. The value shows that the 
SGR in this study was 2.51 ± 0.37 % day-1 in A 
(sand biofilter), 2.41 ± 0.56 % day-1 in B 
(polystyrene microbeads biofilter) and 2.30 ± 
0.30 % day-1 in C (kaldnes biofilter).  
 
3.2. Discussion 
Water quality 

Water quality is one of the most 
influential factors on tilapia seeding activities. 
Water quality that is not suitable for fish can 
inhibit aquaculture and fish growth. Based on 
the observations, it was obtained water quality 
data during maintenance, namely temperature 
values of 24.8-31.7 ° C, pH values of 6.5-7.6 

and DO 3.10-5.86 mg L-1. According to Sayed 
and Kawanna (2008), temperature is one of 
the most important factors affecting the 
physiology, growth, reproduction and 
metabolism of tilapia. The results of the 
minimum temperature limit in this study are 
lower than the good temperature range for 
tilapia maintenance according to SNI.7550 
(2009), namely 25-32 °C. The temperature of 
24.8 °C was obtained in the morning 
measurement at 08.00. This is presumably 
due to low weather conditions along with the 
rainy season. According to Mulyani et al. 
(2014), that water temperature can affect fish 
appetite. High temperatures will increase the 
appetite for fish and lower temperatures can 
cause the digestive process and metabolism of 
fish to slow down. The pH and DO values in 
this study are also in accordance with the 
SNI.7550 (2009) which mentioned that good 
pH and DO in tilapia maintenance activities are 
6.5-8.5 and ≥ 3 mg L-1, respectively. Based on 
this, the pH and DO values of the study this is 
suitable for use for tilapia fish maintenance 
activities.  

Intensive cultivation with high stocking 
density and high feeding can increase the 
culture waste from feed residue and fish 
metabolism which can cause the water quality 
of the culture media to decrease. Based on 

Table 5. Results of the Specific Growth Rate (SGR) of Gift Tilapia (O. niloticus) 

Replication 

SGR (%day-1) 

Filter Media 

Sand 
Polystyrene 
microbeads 

Kaldnes 

1 2.75 2.84 1.96 

2 2.59 1.95 2.22 

3 2.73 2.96 2.68 

4 1.97 1.91 2.36 

Mean±SD 2.51±0.37a 2.41±0.56a 2.30±0.30a 

Note: The mean value for each treatment with different superscripts letter indicates a significant 
difference (p <0.05). 

 

Table 4. Results of Volumetric TAN removal (VTR) Every Week 

Week 

       VTR (g m-3 day-1) 

     Filter Media 

Sand 
Polystyrene 
microbeads 

Kaldnes 

1 64.46 57.83 45.18 

2 72.29 65.66 48.80 

3 80.12 72.89 52.41 

4 90.53 78.92 56.63 

Mean±SD 76.85±11.14a 68.83±9.11a 50.75±4.90b 

Note: The mean value for each treatment with different superscripts letter indicates a significant 
difference (p <0.05). 
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this study, the highest average total ammonia 
nitrogen (TAN) inlet and outlet results were 
obtained in the treatment using Kaldnes 
biofilter (C). The highest average inlet and 
outlet TAN in treatment C were 0.760 and 
0.735 mg L-1. The lowest average TAN value 
was found in the treatment using a sand 
biofilter (A) with an inlet and outlet TAN value 
of 0.104 and 0.063 mg L-1. Treatment with 
polystyrene microbeads biofilter media (B) had 
an average TAN inlet and outlet of 0.112 and 
0.072 mg L-1, respectively. This is thought to 
be related to the SSA value. The greater the 
SSA of the biofilter media, the more metabolic 
waste is broken down. This is consistent with 
Lekang and Kleppe (2000) who reported that 
filter media that has a large surface area can 
cause more bacteria to grow. The abundance 
of bacteria can result in an increase in 
ammonia reduction per unit filter volume. In 
addition, a filter media with a large SSA can 
also be effective because it takes up less 
space for a large decrease in ammonia. 

The results of the highest range of inlet 
and outlet TAN values were 1.487 mg L-1 and 
1.459 mg L-1 in the treatment using Kaldnes 
filter (C) at week I or day 7. This is thought to 
be the cause of the low SR value in treatment 
C, namely 67.14 ± 8.57%. Except for these 
values, the TAN values of each treatment in 
this study were classified as suitable for use in 
tilapia culture. Losordo et al. (1998) stated that 
the TAN content in recirculation systems using 
biofilter media should be <1 mg L-1. 
Furthermore, Crab et al. (2007) mentioned that 
the TAN content in fish culture should not be 
more than 1.5 mg L-1 because it will be toxic to 
cultured fish. 

Volumetric TAN removal (VTR) 
The VTR value in this study ranged from 

45.18 to 90.53 g m-3 d-1. The highest VTR was 
obtained in treatment using sand biofilter (A). 
The VTR value at week 1, 2, 3 and 4 were 
64.46; 72.29; 80.12, and 90.53 g m-3 d-1, 
respectively. The increase in VTR value at 
week 3 to week 4 was greater than that of the 
previous weeks. This is presumably due to the 
growth of fish, so that the fish weight 
increases. Along with the increase in fish 
weight, the feed given increases and the 
resulting fish metabolism will also increase. 
This causes increased the TAN and VTR 
values during maintenance. According to 
Avnimelech, (2006) and Shafrudin et al. 
(2006), the longer the fish culture time will be 
followed by an increase in the levels of 
ammonia in the water. This is in accordance 
with Shafrudin et al. (2006) who stated that 
fish will release 80-90% of ammonia in waters 

through the osmoregulation process, through 
feces and through urine. 

The calculation of the VTR value is used 
as the main indicator to evaluate the 
performance of one biofilter media with 
another. The VTR value can also be used to 
determine the efficiency of TAN reduction 
which indicates the ability of the biofilter 
media. Based on the results of the study, the 
VTR value of 45.18-90.53 g m-3 d-1.  was lower 
than that of Summerfelt (2006), which used a 
sand biofilter with a VTR value ranging from 
140-170 g m-3 d-1. presumably because the 
sand biofilter used has a higher SSA, namely 
4,000-20,000 m2 m-3. This is in accordance 
with Timmons et al. (2006) which mentioned 
that the VTR value is influenced by the SSA 
size of the biofilter media used. In addition, the 
TAN concentration in Summerfelt (2006) was 
also greater, between 1.07-1.68 mg L-1. This is 
consistent with Malone and Beecher (2000) 
who reported that the VTR value will increase 
with increasing TAN concentration. 

The VTR results in this study were also 
lower than that of Harwanto et al. (2011b), i.e. 
142.6 - 193.8 g m-3 d-1. They used the same 
biofilter (sand, polystyrene microbeads and 
kaldnes). This is presumably because the 
sand and polystyrene microbeads media 
biofilter used have a greater SSA, namely 
7,836 and 3,287 m2 m-3, respectively 
(Timmons et al., 2006). In addition, the size of 
the fish used was also larger (29 g per fish), 
resulting in a higher TAN concentration 
(Malone and Beecher, 2000). 

Specific growth rate (SGR) 
Growth is a process of increasing the 

length and weight of an organism which can 
be seen from changes in length and weight in 
units of time. The specific growth rate is a 
biological parameter that shows the growth 
rate of the fish being reared. Fish growth can 
be influenced by internal factors and external 
factors. Fish growth will only occur if the 
energy content in feed exceeds the energy 
needed for body maintenance and replacing 
damaged cells (Ayisi et al., 2017). In addition, 
the quality of water for good maintenance 
media can also support the growth of cultured 
fish optimally (Mulqan et al., 2017). 

The SGR values of tilapia obtained in 
the treatment using sand biofilter (A), 
polystyrene microbeads biofilter (B) and 
kaldnes biofilter (C) were 2.51 ± 0.37; 2.41 ± 
0.56 and 2.30 ± 0.56% day-1, respectively. The 
three values do not show a significant 
difference between treatments. This is 
presumably because the three types of biofilter 
media are able to maintain water quality with 
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good filtration in the maintenance medium, so 
that the fish have a high appetite and can use 
feed energy for their growth. This can be seen 
from the efficiency value of the reduction in 
TAN concentration in the three treatments. 
This is in accordance with Mulqan et al. (2017) 
which mentioned that the optimal filtration 
process will produce good water quality in 
tilapia fish culture media and can determine 
the amount of feed that is suitable for fish 
needs.  

Even though in the first week the TAN 
value on the C treatment medium exceeded 
1.0 mg L-1 and approached 1.5 mg L-1, it soon 
decreased in the following weeks. With the 
improved water quality, it is suspected that the 
fish appetite has also improved, which in the 
end, the SGR value of treatment C is also 
quite good, the same as the SGR value in 
other treatments. According to Zonneveld and 
Fadholi (1991), fish appetite is determined by 
water quality conditions and fish appetite is 
also a control factor as well as a major factor 
for fish growth. 

The SGR results obtained in all 
treatments in this study were better than those 
of Kawser et al. (2016). Their study obtained 
an SGR of 1.50 ± 0.01% day-1 with the same 
weight of each tilapia (3.40 g) in the 
recirculation system. The SGR value of this 
study is similar to that of the study by Mulqan 
et al. (2017), who obtained a value of SGR 
2.36 ± 0.79% day-1 with a weight of 7.16 g 
each tilapia seeds in the recirculation system. 

Survival rate (SR) 
The survival value is the ratio of the 

number of fish alive from the start to the end of 
the rearing. Factors that greatly affect the 
survival of tilapia are feed and environmental 
conditions. Feeding with the right amount and 
time must be considered in fish maintenance. 
This is in accordance with Rejeki et al. (2019) 
which states that in order to prevent a 
decrease in water quality which will disrupt fish 
health and cause death, it is necessary to pay 
attention to the amount and frequency of 
feeding in fish maintenance. This is also in 
accordance with Ndome et al. (2011) who 
mentioned that feeding with sufficient quality 
and quantity as well as good environmental 
conditions can support the survival of tilapia. 

The treatments carried out in this study 
did not significantly affect the survival value of 
tilapia seeds. The SR value of each treatment, 
namely treatment A 84.29 ± 12.01%, treatment 
B 83.57 ± 10.27% and treatment C 67.14 ± 
8.57%. The SR values of tilapia in treatment 
using sand biofilter (A) and polystyrene 
microbeads bofilter (B) are in accordance with 

the provisions of SNI.6141 (2009) which states 
that the survival of tilapia with a minimum size 
of 5 cm is 70%. The efficiency value of the 
reduction in TAN and VTR concentrations 
affected the SGR and SR yields of tilapia 
seeds. 

The SR values of treatment using sand 
biofilter (A)  is 84.29 ± 12.01% and 83.57 ± 
10.27% for using polystyrene microbeads 
bofilter (B) obtained in this study were better 
than those of Sayed and Kawanna (2008). In 
their study, the SR of tilapia seeds obtained in 
an aquaponic recirculation system with a 
temperature of 32 ° C was 74 ± 5.04%. 
However, the survival results obtained in this 
study were lower than those of Ridha and Cruz 
(2001) who obtained the SR value of tilapia in 
the recirculation system of 97.6%; and also, 
lower than the study of Putra et al. (2011) with 
the best SR value of tilapia seeds obtained 
was 88% in a recirculation system using 
zeolite filters, Chinese pond mussel, and 
lettuce plants. 

Treatment C has an SR value of 67.14 ± 
8.57% which is not in accordance with the 
SNI.6141 (2009), namely the SR value of at 
least 70%. Tilapia in this treatment 
experienced death in the first week of culture. 
This is presumably because in the initial week 
of culture, the TAN value of the culture 
medium was high (1.487 mg L-1) so that the 
water quality decreased and resulted in the 
death of the fish. This is in accordance with 
Rejeki et al. (2019), Hapsari et al. (2020); 
Oktavia et al. (2020) and Dwiputra et al. (2021) 
who mentioned that fish becomes stressed 
when the water quality decreases, so that fish 
are prone to death. 

 
4. Conclusion 

Based on this research, the use of 
different biofilter media in the recirculation 
system had a significant effect on the removal 
of TAN concentration and had no significant 
effect on the specific growth rate and survival 
rate of O. niloticus seeds. The sand biofilter 
showed the highest removal value among 
other. However, all of biofilter media tested 
were able to manage the TAN value to remain 
below 1 mg L-1 after the first week, and were 
able to maintain the water quality at the 
optimum value for tilapia culture. 

 
References  

Adewolu, M. A. 2008. Potentials of Sweet 
Potato (Ipmoea batatas) Leaf Meal 
as Dietary Ingredient for Tialapia zilli 
Fingerlings. Pakistan Journal of 
Nutrition, 7(3): 444-449. 



86 
 

Pierrenia et al., 2021, The Effectiveness of Three Biofilter Media on Total Ammonia  

Ardita, N., A. Budiharjo & S. L. A. Sari. 2015. 
Pertumbuhan dan Rasio Konversi 
Pakan Ikan Nila (Oreochromis 
niloticus) dengan Penambahan 
Prebiotik. Bioteknologi, 12(1): 16-21. 

Arini P. D., F. Muhammad, K. Baskoro & N. 
Fahris. 2018. Pengaruh Pemberian 
Hidrogen (H2O2) dalam 
Pengendalian Ektoparasit dan 
Kelangsungan Hidup Benih Ikan Nila 
Salin (Oreochromis niloticus) di Balai 
Besar Perikanan Budidaya Air Payau 
Jepara. Bioma, 20(1): 59-65. 

Avnimelech, Y. 2006. Bio-filter: The Need for 
An New Comprehensive Approach. 
Aquacultural Engineering, 34: 172-
178. 

Ayisi, C. L., J. Zhao & E. J. Rupa. 2017. 
Growth Performance, Feed 
Utilization, Body and Fatty Acid 
Composition of Nile Tilapia 
(Oreochromis niloticus) Fed Diets 
Containing Elevated Levels of Palm 
Oil. Journal Aquaculture and 
Fisheries, 2(2): 67-77. 

Belal, I. E. H. 1999. Replacing Dietary Corn 
with Barley Seeds in Nile Tilapia, 
Oreochromis niloticus (L), Feed. 
Aquaculture Research, 30: 265-269. 

Benli, A. C. K. & G. Koksal. 2005. The Acute 
Toxicity of Ammonia on Tilapia 
(Oreochromis niloticus L.) Larvae 
and Fingerlings. Turk. J. Vet. Anim. 
Sci., 29: 339-344. 

Chen, J. C. & Y. Z. Kou. 1993. Accumulation 
of Ammonia in The Haemolymph of 
Penaeus monodon Exposed to 
Ambient Ammonia. Aquaculture, 
109(2): 177-185. 

 
Crab, R., Y. Avnimelech, T. Defoirdt, P. 

Bossier & W. Verstraete. 2007. 
Nitrogen Removal Techniques in 
Aquaculture For A Sustainable 
Production. Aquaculture, 270: 1-14. 

Cromey, C. J., T. D. Nickell & K. D. Black. 
2002. DEPOMOD - Modelling The 
Deposition and Biological Effects of 
Waste Solids from Marine Cage 
Farms. Aquaculture, 214: 211-239. 

Dauhan, R. E. S., E. Efendi & Suparmono. 
2014. Efektifitas Sistem Akuaponik 
Dalam Mereduksi Konsentrasi 
Amonia pada Sistem Budidaya Ikan.  
Jurnal Rekayasa dan Teknologi 
Budidaya Perairan, 3(1): 297-302.  

Dwiputra, B.P., D. Harwanto & I. Samidjan. 
2021. Pengaruh Penggunaan 
Hydrilla verticillate sebagai 
Fitoremediator Terhadap Kualitas Air 

dan Pertumbuhan Ikan Manfish 
(Pterophyllum Scalare) pada Sistem 
Resirkulasi. Sains Akuakultur Tropis: 
Indonesian Journal of Tropical 
Aquaculture, 5(2) 223-235. 

Elliot, O., S. Gray, M. M. Clay, B. Nassief, A. 
Nunnelley, E. Vogt, J. Ekong, K. 
Kardel, A. Khoskhoo, G. Proano, D. 
M. Blersch & A. L. Carrano. 2017. 
Design and Manufacturing of High 
Surface Area 3D-Printed Media for 
Moving Bed Bioreactors for 
Wastewater Treatment. Journal of 
Contemporary Water Research and 
Education, 160(1): 144-156. 

Fadri, S., Z.A. Muchlisin & Sugito. 2016. 
Pertumbuhan, Kelangsungan Hidup 
dan Daya Cerna Pakan Ikan Nila 
(Oreochromis niloticus) yang 
Mengandung Tepung Daun Jaloh 
(Salixtetrasperma roxb) dengan 
Penambahan Probiotik EM-4. Jurnal 
Ilmiah Mahasiswa Kelautan dan 
Perikanan Unsyiah, 1(2): 210-221. 

FAO.  2007. FAO Yearbook Fishery statistics: 
Aquaculture Production 2005. Roma. 
De I’Aquaculture. 

FAO. 2019. 
http://www.fao.org/fishery/culturedsp
ecies/Oreochromis_niloticus/en 
#tcNA00EA. Accessed on 11 
October 2019. 

Filliazati, M., I. Apriani & T. A. Zahara. 2013. 
Pengolahan Limbah Cair Domestik 
dengan Biofilter Aerob Menggunakan 
Media Bioball dan Tanaman 
Kiambang. Jurnal Teknik Lingkungan 
Lahan Basah, 1(1): 1-10. 

Greinner, A. D. & M. B. Timmons. 1998. 
Evaluation of The Nitrification Rates 
of Microbead and Trickling Filters in 
An Intensive Recirculating Tilapia 
Production Facility. Aquacultural 
Engineering, 18: 189-200. 

Hapsari, A.W., J. Hutabarat, D. Harwanto. 
2020a.  Aplikasi Komposisi Filter 
yang Berbeda Terhadap Kualitas Air, 
Pertumbuhan dan Kelulushidupan 
Ikan Nila (Oreochromis Niloticus) 
pada Sistem Resirkulasi. Sains 
Akuakultur Tropis: Indonesian 
Journal of Tropical Aquaculture, 4(1) 
39-50. 

Hapsari, B.M., J. Hutabarat, D. Harwanto. 
2020b.  Performa Kualitas Air, 
Pertumbuhan, dan Kelulushidupan 
Ikan Nila (Oreochromis niloticus) 
pada Sistem Akuaponik dengan 
Jenis Tanaman yang Berbeda. Sains 
Akuakultur Tropis: Indonesian 

http://www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en#tcNA00EA
http://www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en#tcNA00EA
http://www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en#tcNA00EA


87 
 

Omni-Akuatika Vol. 17 No. 2: November 2021 : 78-89 

Journal of Tropical Aquaculture, 4(1) 
78-89. 

Harwanto, D. & J. Y. Jo. 2010. The Need of 
Biofilter for Ammonia Removal in 
Recirculating Aquaculture System. 
Journal of Marine Bioscience and 
Biotechnology, 4(1): 1-5. 

 
Harwanto, D., S.Y. Oh,  C.K. Kim, V.D.N. 

Gultom & JY. Jo. 2010. Effects of 
Temperature and Stocking Density 
on the Ammonia Excretion Rate of 
Red Seabream, Pagrus major. 
Ocean and Polar Research, 32(1) 
63-71. 

Harwanto, D., S. Y. Oh & J. Y. Jo. 2011a. 
Comparison of the Nitrification 
Efficiencies of Three Biofilter Media 
in Freshwater System. Fisheries and 
Aquatic Scieces, 14(4): 363-369. 

Harwanto, D., S. Y. Oh, H. S. Park & J. Y. Jo. 
2011b. Performance of Three 
Different Biofilter Media in 
Laboratory-Scale Recirculating 
Systems for Red Seabream Pagrus 
major Culture. Fisheries and Aquatic 
Scieces, 14(4): 371-378. 

Hastuti, E., I. Medawati & S. Darwati. 2014. 
Kajian Penerapan Teknologi Biofilter 
Skala Komunal Untuk Memenuhi 
Standar Perencanaan Pengolahan 
Air Limbah Domestik. Jurnal 
Standardisasi, 16(3): 205-214. 

Isroni, W., D. Setyawati & N. Maulida. 2019. 
Studi Komunitas Bakteri pada Sistem 
Resirkulasi pada Budidaya Lele 
Dumbo (Clarias gariepinus). Journal 
of Aquaculture and Fish Health, 8(3): 
159-166. 

Karisa, H. C., H. Komen, S. Reynolds, M. A. 
Rezk, R. W. Ponzoni & H. 
Bovenhuis. 2005. Genetic and 
Environmental Factors Affecting 
Growth of Nile Tilapia (Oreochromis 
niloticus) Juveniles: Modelling 
Spatial Correlations Between Hapas. 
Aquaculture, 255(1-4): 589-596. 

Kawser, A. Q. M. R., M. A. Hossain & S. A. 
Sarker. 2016. Growth Response, 
Feed Utilization and Nutrient 
Retention in Monosex Tilapia 
(Oreochromis niloticus) Fed With 
Floating and Sinking Pellets in A 
Recirculating Aquaponic System. 
International Journal of Fisheries and 
Aquatic Studies, 4(6): 329-333. 

Kementerian Kelautan dan Perikanan [Ministry 
of Marine and Fisheries. 2018. 
Kelautan dan Perikanan dalam 
Angka Tahun 2018. Pusat Data, 

Statistik dan Informasi Sekretariat 
Jenderal Kementrian Kelauan dan 
Perikanan, Jakarta. 

Kessel, M. A. H. J.V., H. R. Harhangi, K. V. D. 
P. Schoonen, J. V. D. Vosenberg, G. 
Flik, M. S. M. Jetten, P. H. M. Klaren 
& H. J. M. O. D. Camp. 2010. 
Biodiversity of N-Cycle Bacteria in 
Nitrogen Removing Moving Bed 
Biofilters for Freshwater 
Recirculating Aquaculture Systems. 
Aquaculture, 306: 177-184. 

Kholif, M. A. & E. Febrianti. 2019. Penerapan 
Teknologi Moving Bed Biofilm 
Reactor (MBBR) Bermedia Kaldnes 
Dalam Menurunkan Pencemar Air 
Lindi. Jurnalis, 2(1): 1-12. 

Klanian, M. G. & C. A. Adame. 2013. 
Performance of Nile Tilapia 
Oreochromis niloticus Fingerlings in 
A Hyper-Intensive Recirculating 
Aquaculture System with Low Water 
Exchange. Journal of Aquatic 
Research, 41(1): 150-162. 

Lebrero, R., A. C. Gondim, R. Perez, P. A. G. 
Encina & R. Munoz. 2014. 
Comparative Assessment of a 
Biofilter, A Biotrickling Filter and A 
Hollow Fiber Membrane Bioreactor 
For Odor Treatment in Wastewater 
Treatment Plants. Water Research, 
49: 339-350. 

Lekang, O. I. & H. Kleppe. 2000. Efficiency of 
Nitrification in Trickling Filters Using 
Different Filter Media. Aquacultural 
Engineering, 21: 181-199.  

 
Lim, H. A., W. K. Ng, S. L. Lim & C. O. 

Ibrahim. 2001. Contamination of 
Palm Kernel Meal with Aspergillus 
flavus Affects Its Nutrive Value in 
Pelleted Feed for Tilapia, 
Oreochromis niloticus. Aquaculture 
Research, 32: 895-905. 

Losordo, T. M., M. P. Masser & J. Rakocy. 
1998. Recirculating Aquaculture 
Tank Production Systems: An 
Overview of Critical Considerations. 
Southern Regional Aquaculture 
Center Publication No. 451. 
Southern Regional Aquaculture 
Center, Stoneville, MI, US.  

Luo, G., W. Li, H. Tan & X. Chen. 2017. 
Comparing Salinities of 0, 10 and 20 
in Biofloc Genetically Improved 
Farmed Tilapia (Oreochromis 
niloticus) Production Systems. 
Aquaculture and Fisheries, 2(5): 220-
226. 

http://doi.or.kr/10.PSN/ADPER6802488013
http://doi.or.kr/10.PSN/ADPER0000126591
http://doi.or.kr/10.PSN/ADPER0000084540
http://doi.or.kr/10.PSN/ADPER0000096939
https://www.koreascience.or.kr/journal/HOGBB1.page


88 
 

Pierrenia et al., 2021, The Effectiveness of Three Biofilter Media on Total Ammonia  

Malone, R. F. & L. E. Beecher. 2000. Use of 
Floating Bead Filters to Recondition 
Recirculating Waters in Warm Water 
Aquaculture Production Systems. 
Aquacultural Engineering, 22: 57-73. 

Malone, R. F. & T. J. Pfeiffer. 2006. Rating 
Fixed Film Nitrifying Biofilters Used 
in Recirculating Aquaculture 
Systems. Aquacultural Engineering, 
34: 389-402. 

Martins, C. L. M., Eding, E. H. Verdegem, M. 
C. J. Heinsbroek, L. T. N. Schneider, 
O. Blancheton, J. P. d'Orbcastel, E. 
Roque & J. Verreth. 2010. New 
Developments in Recirculating 
Aquaculture Systems in Europe: A 
Perspective on Environmental 
Sustainability. Aquacultural 
Engineering, 43: 83-93. 

Mbahinrizeki, G. B., K. Dabrowski, K. J. Lee, 
D. E. Saidy & E. E. Wisner. 2001. 
Growth, Feed Utilization and Body 
Composition of Tilapia (Oreochromis 
sp.) Fed with Cottonseed Meal-
Based Diets in A Recirculating 
System. Aquaculture Nutrition, 7: 
189-200. 

Miller, G. E. & Libey, G. S. 1985. Evaluation of 
Three Biological Filters Suitable for 
Aquacultural Applications. Journal of 
the World Mariculture Society, 16(1-
4): 158-168. 

Muhtaliefa, S. N., T. Susilowati, T. Yuniarti, D. 
Harwanto & F. Basuki. 2019. 
Production Performance of 
Sangkuriang Catfish (Clarias 
gariepinus Burchell-1822) N-2 
(Nursery-2) Cultured on 
Recirculation System with Different 
Filter Media. IOP Conf. Science: 
Earth and Enviromental Science, 1-
10. 

Mulqan, M., S. A. E. Rahimi & I. Dewiyanti. 
2017.  Pertumbuhan dan 
Kelangsungan Hidup Benih Ikan Nila 
Gesit (Oreochromis niloticus) Pada 
Sistem Akuaponik dengan Jenis 
Tanaman Yang Berbeda. Jurnal 
Ilmiah Kelautan dan Perikanan 
Unsyiah, 2(1): 183-193. 

Mulyani, Y. S., Yulisman & M. Fitrani. 2014. 
Pertumbuhan dan Efisiensi Pakan 
Ikan Nila (Oreochromis niloticus) 
yang Dipuasakan Secara Periodik. 
Jurnal Akuakultur Rawa Indonesia, 
2(1): 1-12. 

Ndome, C. B., A. O. Ekwu & A. A. Ateb. 2011. 
Effect of Feeding Frequency on Feed 
Consumption, Growth and Feed 
Conversion of Clarias gariepinus × 

Heterobranchus longifilis Hybrids. 
American-Eurasian Journal of 
Scientific Research, 6(1): 6-12. 

Norjanna, F., E. Effendi & Q. Hasani. 2015. 
Reduksi Amonia pada Sistem 
Resirkulasi dengan Penggunaan 
Filter yang Berbeda. Jurnal 
Rekayasa dan Teknologi Budidaya 
Perairan, 4(1): 427-432. 

Nugroho, S. Y., S. Sumiyati & M. Hadiwidodo. 
2014. Penurunan Kadar COD dan 
TSS pada Limbah Industri Pencucian 
Pakaian (Laundry) dengan Teknologi 
Biofilm Menggunakan Media Filter 
Serat Plastik dan Tembikar dengan 
Susunan Random. Jurnal Teknik 
Lingkungan, 3(2): 1-6. 

Oktavia, A.N, S. Hastuti & D. Harwanto. 2021. 
The Role of Filter with Different 
Media Compositions on Water 
Quality and Survival of Pangasius 
(Pangasius sp.) in Recirculation 
Aquaculture System. Omni-Akuatika, 
17 (1): 8 - 18 

Patroescu, I. V., G. Jinescu, C. Cosma, L. R. 
Dinu & C. Bumbac. 2015. Influence 
of Biological Filtration Media on The 
Ammonium Removal Rates from 
Groundwater Sources. Ecolib, 77(4): 
201-208. 

Pfeiffer, T. J. & P. S. Wills. 2011. Evaluation of 
Three Types of Structured Floating 
Plastic Media in Moving Bed 
Biofilters For Total Ammonia 
Nitrogen Removal in A Low Salinity 
Hatchery Recirculating Aquaculture 
System. Aquacultural Engineering, 
45(2): 51-59. 

Putra, I., D. D. Setiyanto & D. Wahyuningrum. 
2011. Pertumbuhan dan 
Kelangsungan Hidup Ikan Nila 
(Oreochromis niloticus) dalam 
Sistem Resirkulasi. Jurnal Perikanan 
dan Kelautan, 16(1): 56-63. 

Radhakrishnan, S., I. E. H. Belal, C. 
Seenivasan & T. Muralisankar. 2016. 
Impact of Fishmeal Replacement  
with  Arthrospira  platensis on  
Growth Performance, Body 
Composition and Digestive Enzyme 
Activities of the Freshwater  Prawn,  
Macrobrachium rosenbergii. 
Aquaculture Reports, 3(1): 35-44. 

Rejeki, S., R. W. Aryati & L. L. Widowati. 2019. 
Buku Pengantar Akuakultur. Undip 
Press Semarang. 112 page.  

Ridha, M. T. & E. M. Cruz. 2001. Effect of 
Biofilter Media on Water Quality and 
Biological Performance of the Nile 
tilapia Oreochromis niloticus L. 



89 
 

Omni-Akuatika Vol. 17 No. 2: November 2021 : 78-89 

Reared in A Simple Recirculating 
System. Aquacultural Engineering, 
24: 157-166. 

Rusten, B, B. Eikebrokk, Y. Ulgenes & E. 
Lygren. 2006. Design and Operation 
of The Kaldnes Moving Bed Biofilm 
Reactors. Aquacultural Engineering, 
34: 322-331. 

Sandy, N. K., W. Romadhoni, T. P. 
Pamungkas, A. N. Hayati & N. D. 
Cheardi. 2019. Sponcer (Smart Pond 
Controller) Pengendali Lingkungan 
Air Kolam Guna Optimalisasi 
Produksi Ikan Sidat di Budi Fish 
Farm, Ngaglik, Sleman, Daerah 
Istimewa Yogyakarta. Jurnal Edukasi 
Elektro, 3(1): 42-46. 

Saputra, E., F. H. Taqwa & M. Fitrani. 2013. 
Kelangsungan Hidup dan 
Pertumbuhan Benih Nila 
(Oreochromis niloticus) selama 
Pemeliharaan dengan Padat Tebar 
Berbeda di Lahan Pasang Surut 
Telang 2 Banyuasin. Jurnal Lahan 
Suboptimal, 2(2): 197-205. 

Saravanan, M., M. Ramesh, R. Petkam & K. 
Poopal. 2018. Influence of 
Environmental Salinity and Cortisol 
Pretreatment on Gill Na+/K+-ATPase 
Activity and Survival and Growth 
Rates in Cyprinus carpio. 
Aquaculture Reports, 11(1): 1-7. 

Sayed, A. F. M. E. & M. Kawanna. 2008. 
Optimum Water Temperature Boosts 
the Growth Performance of Nile 
Tilapia (Oreochromis niloticus) Fry 
Reared in A Recirculating System. 
Aquaculture Research, 39: 670-672. 

Setijaningsih, L. & C. Umar. 2015. Pengaruh 
Lama Retensi Air Terhadap 
Pertumbuhan Ikan Nila (Oreochromis 
niloticus) pada Budidaya Sistem 
Akuaponik dengan Tanaman 
Kangkung. Jurnal Berita Biologi, 
14(3): 267-275. 

Shafrudin, D. Yuniarti & M. Setiawati. 2006. 
Pengaruh Kepadatan Benih Ikan 
Lele Dumbo (Clarias sp) Terhadap 
Produksi pada Sistem Budidaya 
dengan Pengendalian Nitrogen 
melalui Penambahan Tepung Terigu. 
Jurnal Akuakultur Indonesia 5: 137-
147. 

Shete, A. P., A. K. Verma, N. K. Chadha, C. 
Prakash, M. H. Chandrakant & K. K. 
T. Nuwansi. 2017. Evaluation of 
Different Hydroponic Media for Mint 
(Mentha arvensis) with Common 
Carp (Cyprinus carpio) Juveniles in 

An Aquaponic System. Aquacult. Int, 
25: 1291-1301. 

Shiau, S.Y. & Y. H. Chin. 1999. Estimation of 
The Dietary Biotin Requirement of 
Juvenile Hybrid Tilapia, Oreochromis 
niloticus × O.aureus. Aquaculture, 
170: 71-78. 

Standar Nasional Indonesia [Indonesian 
National Standard] No.6141. 2009. 
Produksi Benih Ikan Nila Hitam 
(Oreochromis niloticus Bleeker) 
Kelas Benih Sebar. Badan 
Standarisasi Nasional. Jakarta. 

Standar Nasional Indonesia [Indonesian 
National Standard] No.7550. 2009. 
Produksi Ikan Nila (Oreochromis 
niloticus Bleeker) Kelas Pembesaran 
di Kolam Air Tenang. Badan 
Standarisasi Nasional. Jakarta. 

Solomon, J. R. & S. G. Boro. 2010. Survival 
Rate in Poly Culture of Catfish 
Heteroclarias/Tilapia (Oreochromis 
niloticus), Fed 2% Body Weight. New 
York Science Journal, 3(9): 68-78. 

Srigandono, B. 1981. Experimental Design. 
Diponegoro University.137 page. 

Summerfelt, S. T. & B. J. Vinci. 2004. Avoiding 
Water Quality Failures Part 2. 
Recirculating Systems. World 
Aquaculture, 35(4): 9-11. 

Summerfelt, S. T. 2006. Design and 
Management of Conventional Fluid-
ized-Sand Biofilters. Aquacultural 
Engineering, 34: 275-302. 

Takeuchi, T., J. Lu, G. Yoshizaki & S. Satoh. 
2002. Effect on The Growth and 
Body Composition of Juvenile Tilapia 
Oreochromis niloticus Fed Raw 
Spirulina. Fisheries Science, 68: 34-
40. 

Tekinay, A. A. & S. J. Davies. 2001. Dietary 
Carbohydrate Level Influencing Feed 
Intake, Nutrient Utilisation and 
Plasma Glucose Concentration in the 
Rainbow Trout, Oncorhynchus 
mykiss. Turkish Journal of Veterinary 
and Animal Science, 25(5): 657-666. 

Timmons, M. B., J. L. Holder & J. M. Ebeling. 
2006. Application of Microbead 
Biological Filters. Aquacultural 
Engineering, 34: 332-343. 

Yani, M., M. Hirai & M. Shoda. 1998. Removal 
Kinetics of Ammonia by Peat Biofilter 
Seeded with Night Soil Sludge. 
Journal of Fermentation and 
Bioengineering, 85(5): 502-506. 

Zonneveld, N. & R. Fadholi. 1991. Feed Intake 
and Growth of Red Tilapia at 
Different Stocking Densities in Ponds 
in Indonesia. Aquaculture, 99: 83-94. 


