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Introduction
Indonesia is the fourth most populous country in the world, with a 

population of nearly 238 million people in 2010. This number continues 
to increase by 1.5% annually, thereby indicating rising demand for 
protein. During the last four decades, world aquaculture production has 
increased from 2.5 million metric tons in 1970 to 52.5 million metric 
tons in 2008, and in recent years, modern aquaculture has contributed 
up to 40% of the total aquatic production in the world [1]. On the other 
hand, capture fisheries production reached a peak of 90 million metric 
tons in 1989 and has gradually declined afterwards [2]. The above trends 
and figures clearly indicate the tremendous opportunity for aquaculture 
to fill the growing demand for fishery products.

Crustacean production is considered an important part of 
aquaculture, contributing up to 9.5% of total world production [1]. 
Marine black tiger shrimp (Penaeus monodon), pacific white shrimp 
(Litopenaeus vannamei), and giant freshwater prawn (Macrobrachium 
rosenbergii de Man) are several crustacean aquaculture commodities 
with high economic value worldwide. In 2008, crustacean aquaculture 
production contributed to nearly 62.5% of the total world crustacean 
production [1].

In Indonesia, giant freshwater prawn (Macrobrachium rosenbergii 
de Man) can be considered as one of the main farmed freshwater 
crustacean species having high economic value, with total production 
of close to 989 metric tons in 2007 [3]. In Asian countries, particulary in 
Indonesia, almost all farming of M. rosenbergii prawns are conducted in 
farms using extensive earthen ponds. Consequently, the environmental 
conditions for farming are very poor; most farms have poor water 
quality, disease concerns, and problems with predation pressure [3,4]. 
Subsequently, the yield of prawns under these culture conditions is 
generally low and unpredictable. This unpredictability can be attributed 
to the performance of static culture systems, where the control of water 

quality becomes a major problem affecting the productivity of prawn 
culture, especially due to the accumulation of toxic waste substances 
such as ammonia and nitrite. Another complicating factor is the 
cannibalistic behaviour that emerges when prawns are cultured at high 
densities. Nevertheless, due to its simplicity and reliability, the static 
culture system is still widely used in prawn hatcheries across Asian 
countries, including Indonesia. 

One solution to the high unpredictability and associated problems 
in prawn grow-out is the development of a production unit that could 
enable the system to maintain good water quality and allow optimum 
prawn stocking density, survival and growth rate. In a study by 
Noerdjito and Suantika [5], it was found that productivity of the static 
culture system could be improved through  manipulation of the nutrient 
cycle, specifically nitrogen, i.e., by reducing the accumulation of toxic 
substances such as ammonium and nitrite in the culture through the 
application of nitrifying bacteria. Reducing cannibalism behaviour of 
prawn in the culture also becomes a critical action during grow-out 
period. The objectives of this study was to test the effectiveness of a 
zero-water discharge rearing system, added with nitrifying bacteria and 
textile vertical substrate, in increasing the quantity and quality of prawn 
production. In addition, a simple economic analysis was conducted in 
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Abstract
This study was conducted to develop a zero water discharge technology for Macrobrachium rosenbergii growth 

in order to solve the unpredictability of prawn production during grow-out phase.The system consists of three major 
compartments: (1) Prawn culture tank, (2) Trickling biofilter for nitrification process, and (3) Textile vertical substrate 
for prawn territory expansion. The trial was conducted in three diferent stages: (1) nitrifying bacteria of 105 Colony 
Forming Units.mL-1(CFU.mL-1) was inoculated into the culture 24 hours prior to juvenile stocking and every 10 days 
during culture period, (2) the culture was grouped into five treatments: 30 individuals.m2 (control), 40 individuals.m2, 
50 individuals.m2, 60 individuals.m2, and 70 individuals.m2, and (3) measurements of biological, physicochemical, 
and microbiological culture parameters. Optimum culture performance was obtained in the culture with initial 
stocking density of 30 individuals.m-2 (control) with final metabolic body weight, length, specific growth rate (SGR), 
survival rate (SR), feed conversion rate (FCR) of (11.37 ± 4.92) g, (10.69 ± 1.45) cm, 2.569%.day-1, 78.3%, and 0.99, 
respectively. However, from an economic perspective, stocking with 70 individuals.m-2 (treatment IV) produced the 
highest total final biomass (975 g) and highest profit (Rp. 19.285 per kg) compared to the other treatments. Results 
indicate that use of the developed zero-water discharge rearing system with the application of nitrifying bacteria and 
textile vertical substrate can maintain good water quality to support a higher stocking density, better growth and larval 
survival rate and profit of prawn M. rosenbergii de Man grow-out culture.
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order to give some insight into the efficiency of the system in increasing 
farmer and industrial profit.

Material and Methods
Experimental design

A zero water discharge system was developed with the application 
of nitrifying bacteria as a nitrification bioagent and textile substrate (1 
x 1 m2) to harvest prawn. Prawn was stocked into each pond (2 x 1 m2) 
at five different densities, i.e., 30 ind.m-2 (control), 40 ind.m-2 (treatment 
I), 50 ind.m-2 (treatment II), 60 ind.m-2 (treatment III), and 70 ind.m-2 
(treatment IV). 30 ind.m-2 for control was aquired from the previous 
study conducted by Suantika et al. [6], where the stocking density gives 
better culture performance compared to static system stocking densities 
of 10 ind.m-2 adapted from local farmer rearing system.

A measure of 10% (v/v) nitrifying bacteria suspension (105 CFU/
mL) was inoculated into each pond 24 hours prior to prawn stocking. 
Addition of nitrifying bacteria was conducted every 10 days during 
the culture period (60 days). Rearing conditions used through out the 
experiment period were based on the zero water discharge system as 
shown in figure 1 [6].

Before running the trial, the system was conditioned for one week 
to make sure that its capacity, especially the nitrification process in the 
biofilter reactor, has worked accordingly. Conditioning was conducted 
by adding 0.001% (v/v) NH4Cl daily during one week into the rearing 
system. The ammonium breaking down capacity of the biofilter was 
recorded until the system could remove ammonium levels to the lowest 
level of 0 ppm daily. 

Prawn rearing method
Prawn juveniles used in this study were initially cultured in a 

hatchery in Sukamandi (West Java, Indonesia) and further acclimatized 
and cultured in the Laboratory of Aquatic Ecosystem Analysis, School 
of Life Sciences and Technology, Institut Teknologi Bandung (SITH-
ITB), Indonesia. Mean initial individual weight of juveniles measured 
(7.60 ± 4.21) g, while mean initial individual length measured (9.07 ± 
1.55) cm. Acclimatization was done for two days in a 2000 L circular 
tank with a density of 50 ind.m-2.

During the experiment, prawn juveniles were cultured under the 
following conditions: aeration rate was kept constant at 200 mL.min-1 
and temperature was maintained stable at (25 ± 1) ºC. The culture was 
fed with 5% commercial diet (water content 12%, crude fat 4%, crude 

protein 30%, and crude fiber 6%) per total prawn weight [7]. Feed 
was delivered manually three times a day at 09.00 am, 12.00 pm, and 
04.00 pm. The amount of feed was adapted to the bodyweight sampling 
results conducted every 10 days of the culture period.

Culture of nitrifying bacteria
Nitrifying bacteria culture used in this study was obtained from the 

Laboratory of Microbiology SITH-ITB and was further up-scaled at the 
Laboratory of Aquatic Ecosystem Analysis.  Nitrifying bacteria culture 
was scaled up in a bioreactor as illustrated in figure 2.

Water quality parameter
Several water quality parameters, i.e., ammonium, nitrite, and 

nitrate concentrations were measured every two days, while pH level, 
temperature, and dissolved oxygen were measured daily. Ammonium, 
nitrate and nitrite concentrations were measured using a HACH 
Spectrophotometer by following the Nessler-, Diazotation-, and Nitrate 
HCl method at the wavelengths of 425, 371 and 275 and 220 nm, 
respectively.

Temperature and Dissolved Oxygen (DO) levels were measured 
using a calibrated DO meter YSI Type 51B, while pH levels were 
measured using an OAKTON waterproof Type PC10 pH meter. 
Nitrifying bacteria cell density was measured daily using Total Bacteria 
Count method as described by Cappucino and Sherman [8]. 

Zootechnical parameters

Mean individual body weight of prawn juveniles was recorded for 
50% of the population in all treatments every 10 days during the culture 
period (60 days). At the end of the experiment, final juvenile growth 
(body weight and length), specific growth rate and survival rate were 
determined. For each treatment, final survival rate was calculated by 
counting the number of remaining larvae as compared to the initial 
stock number.  

Growth, length, survival rate, and biomass were measured at 
the beginning (day 0) and at the end of the culture period (day 60). 
Measurements were conducted on all stocked and harvested juveniles. 
Juvenile growth was calculated by using the following equation:

SGR (% day) = [Ln(W2/ W1)/(T2-T1)×100]

Where: 

SGR  = specific growth rate

W1 = initial live body weight (g) at time T1 (day)
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Figure 1: Scheme of biofiltration technology applied in up-scaled zero-water 
discharge technology culture system for prawn production [6].
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Figure 2: The Bioreactor used for upscaling the nitrifying bacteria.
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W2 = final live body weight (g) at time T2 (day) 

The survival rate of juveniles during the trial was calculated by 
using the following equation:

SR  = Nt/No x 100%

Where: 

SR  = survival rate

No  = initial number (quantity) of individuals

Nt  = final number of individuals

Economic feasibility
Economic feasibility was calculated based on the culture 

performance parameters including growth, SR, total biomass, Feed 
Conversion Ratio (FCR), feed cost, and seed cost. Calculations provide 
insight into the feasibility and profit of culturing prawns at different 
stocking densities using the zero water discharge rearing technology.

Results and Discussion
Giant freshwater prawn biomass, growth and survival rate

Growth of freshwater prawn was determined by measuring indivi-
dual body length and bodyweight every 10 days during the 60 day cul-

ture period. In general, mean individual body weight and length incre-
ased with time in all treatments (Figure 3). The highest mean individual 
bodyweight was recorded in the rearing pond with 70 individuals.m-2, 
measuring (11.46 ± 4.52) g after 60 days of culture, followed by 30 
individuals.m-2 (11.37 ± 4.96) g, 60 individuals.m-2 (10.98 ± 5.86) g, 50 
individuals.m-2 (10.80 ± 5.62) g, and 40 individuals.m-2 (9.34 ± 3.82) g. 
Results suggest that the rearing pond with an initial stocking density of 
70 individuals.m-2 produced a better prawn final bodyweight compared 
to the other ponds, although the difference was not significant.  

Prawn growth can also be measured based on Specific Growth Rate 
(SGR). The highest SGR during the 60 days culture period was obtained 
in the culture pond with 30 individuals.m-2 (2,569%.day-1), followed by 
50 individuals.m-2 (2,105%.day-1), 60 individuals.m-2 (1,916%.day-1), 70 
individuals.m-2 (1,893%.day-1), and 40 individuals.m-2 (1,393%.day-1) 
(Table 1).

The same trend was observed in the mean body length of prawn 
measured every 10 days during the culture period. Mean body length 
of prawn increased with time in all treatments (Figure 4). The highest 
mean individual body length of (10.70 ± 1.50) cm was measured in the 
rearing pond with 70 individuals.m2, followed by 30 individuals.m2 
(10.69 ± 1.45) cm, 60 individuals.m2 (10.50 ± 1.90) cm, 50 individuals.
m2 (10.28 ± 1.83) cm, and 40 individuals.m2 (9.86 ± 1.33) cm.

Based on survival rate, the highest survival rate of  78.3% was docu-
mented from the pond with 30 individuals.m-2 stocking density, follo-
wed by 40 individuals.m-2, 50 individuals.m-2, 60 individuals.m-2  and 70 
individual.m-2  stocking density with percentages of 76.3%, 70%, 70%, 
and 67.1% respectively (Table 2). The performance of the developed sy-
stem was higher in all stocking densities, compared to the system used 
by local farmer, where most of the SR was around 60%, (Unpublished 
data).

In general, increasing the stocking density of prawns affected their 
growth rate and survival rate. The best growth rate was obtained in the 
culture initiated with 30 individuals.m-2 stocking density and decreased 
in line with the gradual increase of stocking density. Higher stocking 
density resulted in an increase of resources competition among the 
prawn, especially for space and feed, leading to cannibalism behaviour 
of the prawn due to the crowded effect. According to Satyani et al. 
[9], at higher stocking densities, prawn faces greater competition in 
acquring shelter as well as for food and locomotion space. In addition, 
higher density also causes an aggressive behavioural characteristic and 
increases cannibalism during moulting period due to stressful culture 
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Figure 3: Prawn mean bodyweight obtained at five different stocking densi-
ties during 60 days culture period.
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Figure 4: Prawn mean body length obtained at five different stocking densi-
ties during 60 days culture period.

Stocking density (individuals.m-2) SGR ( %.day-1)
30 2.569
40 1.393
50 2.105
60 1.916
70 1.893

Table 1: Specific growth rate obtained at five different stocking densities during 60 
days culture period.

Stocking density (individuals.m-2) Survival Rate (%)
30 78.3
40 76.3
50 70.0
60 70.0
70 67.1

Table 2: Prawn survival rate obtained at five different stocking densities during 60 
days culture period.



Citation:  Suantika G, Astuti DI, Arief RR, Rusni M, Turendro OR (2012) Use of Zero Water Discharge Technology through the Application of Ni-
trifying Bacteria and Textile Vertical Substrate in Grow-Out Phase of Macrobrachium rosenbergii De Man. J Aquacult Res Dev 3:139 
doi:10.4172/2155-9546.1000139

Page 4 of 6

Volume 3 • Issue 5 • 1000139
J Aquacult Res Dev
ISSN: 2155-9546 JARD, an open access journal

conditions caused by the crowding effect. Since the main issues related 
to slow growth and low survival rates mainly concerns the limitation 
of territorial area and deterioration of water quality, the development 
and application of the zero water discharge contributes significantly in 
reducing those unexpected effects during the culture period, as indicated 
by the growth rate and survival rate that were not clearly different up to 
almost 130% stocking density compared to control (30 ind.mL-1) during 
the trial. By using the developed rearing technology, an extension of 
the substrate vertically as an addition to the horizontal substrate can be 
provided by means of a textile materialplaced vertically in the rearing 
ponds. Furthermore, the addition of nitrifying bacteria on a regular basis 
into the culture system also contributed tothe maintenance of ambient 
water quality parameters such as ammonium and nitrite levels at an 
acceptable level for prawn culture. According to Suantika [6], nitrifying 
bacteria has an important role in breaking down ammonium and nitrite 
into a less toxic inorganic soluble nitrogen substance, i.e., nitrate. The 
addition of CaCO3 powder as nitrifying substrate also contributed 
significantly to water quality, especially in buffering the stability of pH 
levels. Based on Suantika [10], CaCO3 applications in the rearing tanks 
enable the system to stabilize the pH level. Futhermore, CaCO3 also acts 
as a carbon source for the inoculated nitrifying bacteria. CaCO3 is also 
one of the limiting factors that regulates the moulting process of prawn, 
therefore it could enhance prawn growth [11].  From a biological 
perspective of culturing, the presence of a periphytic community at the 
textile vertical substrate in the rearing tanks also plays an important 
role in water quality purification, disease control, nutrient cycling, and 
food source for the prawn. The benefits of the periphytic community 
in prawn culture is well known because of its significant role in the 
microbial loop in ponds, especially in the nutrition cycle, feed sources, 
diseases control, and water purification [12]. All of the above contribute 
to better culture conditions for the prawn during grow-out period.

Culture water quality
Ammonium levels during the trial were still acceptable for prawn 

culture. Ammonium concentrations as low as 0.5 parts per million 
(ppm) is known to be a problem in cultures [12,13]. In general, 
ammonium level was lower during the early stages of the culture period 
and increased gradually to 0.09 – 0.12 ppm in all treatments. The highest 
ammonium level of 0.123 ppm was obtained in 60 individuals.m-2 
stocking density, followed by 50 individuals.m-2, 40 individuals.m-2, 70 
individuals.m-2, 30 individuals.m-2 stocking density: 0.116 ppm, 0.101 
ppm, 0.092 ppm and 0.089 ppm, respectively (Table 3).

Nitrite levels gradually decreased during the culture period,with 
relatively low levels. Overall, nitrite levels were still within the tolerance 
range for freshwater prawn culture. Macrobrachium rosenbergii 
has a tolerance for nitrite of up to 1 ppm [6,13]. The highest nitrite 
concentration was recorded at the beginning of culture period, 
measuring about 0.066 ppm at the culture pond with 30 individuals.m-2 
stocking density, followed by 50 individuals.m-2, 60 individuals.m-2, 70 
individuals.m-2 and 40 individual.m-2 stocking density with the level of 
(0.066) ppm, (0.066) ppm, (0.065) ppm, and (0.064) ppm, respectively 
(Table 4).

Nitrate levels obtained during the culture period are presented 
in Table 5. Prawn can tolerate nitrate levels of up to 10 ppm [14]. 
Nitrate levels tended to be stable and remained at the same level for 
all treatments during culture period. The highest nitrate level of 71.0 
ppm was obtained in 60 individuals.m-2 stocking density, followed 
by 50 individuals.m-2, 70 individuals.m-2, 30 individuals.m-2 and 40 
individuals.m-2 stocking density with the level of 62.9 ppm, 56.6 ppm, 
56.3 ppm and 53,9 ppm, respectively (Table 5).

Dissolved oxygen levels during the trial was still acceptable for 
prawn culture. Dissolved oxygen levels tended to decrease gradually 
during the culture period,with the lowest DO level of 3.7 ppm measured 
at the 60 individuals.ml-2 stocking density. At the end of the culture 
period (day 60), dissolved oxygen levels had decreased accordingly 
with the increase of stocking density (30 individuals.m-2 obtained ~ 7.3 
ppm, 40 individuals.m-2 ~ 6.3 ppm, 50 individuals.m-2 ~ 6.3 ppm, 60 
individuals.m-2 ~ 4.4 ppm, and 70 individuals.m-2 ~ 4.3 ppm) (Table 6).

The pH level recorded during trial was very stable and still within 
the tolerance range for prawn culture (Table 7). The range of pH was 
not significantly different among treatments, ranging between 7.71-
7.96. After 60 days of culture period, the highest pH level was recorded 
in the culture with 50 individuals.m-2 stocking density, i.e., about 7.83, 
followed by 40 individuals.m-2, 30 individual.m-2, 60 individual.m-2 and 
70 individual.m-2 stocking density with the pH levels of 7.81, 7.72, 7.71 
and 7.68, respectively (Table 7).

From water quality measurement, it can be summarized that the 
use of biofiltration technology and textile vertical substrate in the zero 
water discharge rearing system enabled the culture to maintain a better 

Ammonium 
level

Stocking density  (individuals.m-2)
30 40 50 60 70

Highest (ppm) 0.089 0.101 0.116 0.123 0.092
Lowest (ppm) 0.044 0.045 0.044 0.042 0.044
Beginning 
(ppm)

0.044 0.048 0.044 0.042 0.044

End (ppm) 0.063 0.076 0.077 0.063 0.076

Table 3: Ammonium level obtained at five different stocking densities during 60 
days culture period.

Nitrite Level Stocking density  (individuals.m-2)
30 40 50 60 70

Highest 
(ppm)

0.066 0.064 0.066 0.066 0.065

Lowest 
(ppm)

0.015 0.017 0.021 0.027 0.032

Beginning 
(ppm)

0.066 0.064 0.066 0.066 0.065

End (ppm) 0.024 0.031 0.033 0.045 0.034

Table 4: Nitrite levels recorded at five different stocking densities during 60 days 
culture period.

Nitrate Level Stocking density  (individuals.m-2)
30 40 50 60 70

Highest (ppm) 56.3 54.0 63.0 71.0 56.6
Lowest (ppm) 23.5 22.9 30.6 36.6 25.8
Beginning (ppm) 51.7 45.1 46.0 46.0 50.0
End (ppm) 27.7 33.9 44.3 46.8 30.6

Table 5: Nitrate level obtained at five different stocking densities during 60 days 
culture period.

DO Level Stocking density  (individuals.m-2)
30 40 50 60 70

Highest 
(ppm)

8.3 8.3 8.4 8.5 8.4

Lowest 
(ppm)

5.6 5.15 5.2 4.3 3.7

Beginning 
(ppm)

8.3 8.3 8.4 8.5 8.4

End(ppm) 7.3 6.3 6.3 4.4 4.3

Table 6: Dissolved oxygen (DO) levels obtained at five different stocking densities 
during 60 days culture period.



Citation:  Suantika G, Astuti DI, Arief RR, Rusni M, Turendro OR (2012) Use of Zero Water Discharge Technology through the Application of Ni-
trifying Bacteria and Textile Vertical Substrate in Grow-Out Phase of Macrobrachium rosenbergii De Man. J Aquacult Res Dev 3:139 
doi:10.4172/2155-9546.1000139

Page 5 of 6

Volume 3 • Issue 5 • 1000139
J Aquacult Res Dev
ISSN: 2155-9546 JARD, an open access journal

and more stable water quality during the culture period. The addition 
of nitrifying bacteria into the system as an agent of biofiltration 
contributed significantly in lowering and stabilizing the accumulation 
of ammonium and nitrite levels in the culture. The highest level of 
ammonium recorded during the trial was still within the tolerable 
range of the prawn culture. Freshwater prawn can tolerate a maximum 
ammonium ion in water at the level of 1 ppm, while in the form of 
ammonia, aquatic biota can only tolerate up to 0.1 ppm. In terms of 
nitrite levels, freshwater prawn can tolerate nitrite levels of up to 1 
ppm, however, it is often suggested to keep nitrite concentrations not 
to exceed 0.1 mg/L in cultivation. By using the biofiltration technology, 
nitrite concentration was kept low by the biofiltration mechanism of 
Nitrosomonas bacteria that changes nitrite into nitrate. Although not as 
toxic as ammonium, high nitrate levels can potentially cause death in 
cultivation areas. Whereas for nitrate, high concentration is relatively 
safe for aquatic biota because its toxicity is less than ammonium or 
nitrite. Furthermore, nitrate can also be used as a nutrient source for 
microalgae in rearing ponds. Generally during the culture period, 
ammonium, nitrite, and nitrate concentrations were maintained low 
and stable by means of the use of nitrifying bacteria.

Dissolved oxygen levels tended to decline in each treatment during 
60 days of culture period because there was an increasing demand for 
dissolved oxygen due to the increase of prawn excretion, food residue, 
respiration and dead prawn. At the end of the culture period, dissolved 
oxygen levels at all treatments were never less than 4 ppm. Tolerance 
range of prawns to oxygen levels is between 3-7 mg/L [14]. Increasing 
the stocking density will result in lower dissolved oxygen levels. This 
could be explained because more individuals in the same volume will 
result in a higher oxygen demand for respiration in the culture [14].

Levels of pH tended to remain stable and within the prawn 
tolerance range of about 7-8.5 [14]. Stabilization of pH levels in culture 
can be maintained through the buffering process by CaCO3 that exist as 
biofilter substrate. The process was able to stabilize water acidification 
because of nitrification activity and accumulation of organic matter in 
the animal culture [6]. The addition of CaCO3 into bacterial growth 

media has an important role in continuously supplying C and creating 
an alkaline culture condition [15]. For prawns, the availability of CaCO3 
in an acceptable level (100 mg.L-1) in the culture will increase the survival 
and growth rate up to 90% and 4.92 ± 0.12 mg.day-1, respectively [11].

Temperature level 25º C in this experiment was relatively low 
compared to the optimum temperature for prawn, although still within 
the tolerance range of prawn juveniles, i.e., 25-30ºC [14]. This low 
temperature could contribute to lowering growth rate because it may 
limit prawn metabolism capacity [14].

Economic analysis
In animal cultivation, several important parameters need to be con-

sidered in order to calculate the economic feasibility of rearing certain 
aquaculture commodities. Based on data collected from the experi-
ment, a simple economic analysis to gain an idea of the profitability of 
the prawn rearing system at five different stocking densities was made 
based on several key parameters of the culture performance as illustra-
ted in Table 8.

Note: the calculation made based on the dimension of 2 m2 of 
culture period.

From an economic perspective, the use of the zero water discharge 
rearing system resulted in high FCR and is profitable. The Feed 
Conversion Ratio (FCR) during the culture ranged between 0.99-1.37. 
The FCR increased in line with the increase of stocking density; however, 
the FCR level could still be compensated by the higher final harvest 
of the biomass. Even though FCR was higher at the highest stocking 
density, the highest profit of around Rp. 19.285 per 974 g was calculated 
for that highest stocking density (70 ind.mL-1) because the survival rate 
of 67.1% is still acceptable for profit calculation of the system. Based 
on the above, the use of the developed rearing technology for prawn 
culture can improve the profit of the culture significantly and enable 
the farmer to improve productivity by increasing the animal density 
per m2 without any significant negative effect on the culture operational 
activities.

Conclusion
It could be concluded that the use of a zero water discharge system 

developed through the application of nitrifying bacteria and textile 
vertical substrate produced a significant positive effect for freshwater 
prawn (Macrobrachium rosenbergii (de Man)) culture, including higher 
and more consistent growth rate, survival rate, and total biomass 
production. In terms of water quality, the developed technology 
provides an acceptable culture condition for prawn culture. All of these 
advantages further contribute to higher efficiency of the rearing system, 
which consequently results in more profit to the prawn industry.
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