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Abstract. The objective of the present study was to evaluate the effect of biofloc density on the water 
quality of the culture media of tiger prawn (Penaeus monodon). The completely randomized design 
method was used in this study. Three levels of biofloc were tested in this study; 5 mL L-1, 10 mL L-1 and 
15 mL L-1. The biofloc were cultivated in the 2000 L tank using the soil (sediment) from mangrove area. 
The experiment was conducted in three replicates and prawns were fed an experimental diet three times 
a day on 07.00 AM 13.00 PM and 18.00 PM for 95 days. The biofloc density was monitored every seven 
days interval to make sure the density still at tested concentrations. The results showed that the salinity 
ranged between 20.64 ppt to 20.70 ppt, temperature 26.9-27.4°C, dissolved oxygen (DO) 7.2-7.3 mgL-1, 
pH 7.8-8.0, total ammonia nitrogen (TAN) 0.10-0.25 mg L-1, nitrite 0.20-0.30 mg L-1, nitrate 18.5-23.2 
mg L-1 and alkalinity 118.6-125.3 mg L-1. The ANOVA test showed that the floc density did not give the 
significant effect on the salinity, temperature, pH, DO, TAN and nitrite concentrations (p > 0.05), but 
gave the significant effect on the nitrate and alkalinity concentration (p < 0.05). In general, the water 
quality in all treatments was suitable for tiger prawn, however the water quality in the biofloc treatment 
was better than control.   
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Introduction. Water quality is one of limiting factors in prawn culture system. Water 
does not only serve as a medium to live prawn but also is a place for organic materials 
accumulation from the remaining feed and feces that toxic for a cultured organism 
(Avnimelech 2007). Therefore, the water quality management is crucial in the aquatic 
culture system. The water quality management aimed to provide the comfortable 
environment and meet the optimum requirement for cultured organisms. Several 
techniques have been utilized to maintain the water quality in tiger prawn (Penaeus 
monodon) culture system, for example, closed recirculation system (Timmons & Ebeling 
2010) and best management practices (Arifin et al 2007). However, these techniques are 
costly and inefficient in traditional and semi-intensive culture systems. 

Biofloc is one of the alternative methods to control and improve the water quality 
in aquaculture, this method is commonly combined with domestic waste processing 
(Avnimelech 2009; De Schryver & Verstraete 2009). Biofloc is the floc consisting of 
micro-organisms such as algae, bacteria, fungus, algae, protozoa, worms, and organic 
matters from the unconsumed feed and feces, this floc formed due to the mucus which is 
released by bacteria bound by the filamentous organism or caused by an electrostatic 
force (De Schryver et al 2008). According to Kuhn et al (2010) the nutrition content of 
biofloc differs based on carbon source, total suspended solid, salinity, stocking density of 
cultured organisms, light intensity, phytoplankton and bacteria communities. In general 
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biofloc has 12-50% crude protein, 0.5-12.5% crude lipid, and 13-46% ash (Avnimelech 
2009).  

Biofloc is believed it could maintain water quality because it contains heterotrophic 
bacteria which can utilize organic and inorganic materials contained in the water (Ekasari 
2009). The biofloc has the ability to suppress toxic compounds such as ammonia and 
suppresses the growing of harmful bacteria (pathogenic) so that the cultured organisms 
can grow and develop properly (Schrader et al 2011). 

According to Hargreaves (2013), biofloc has several advantages when applied in 
the culture system, for example stabilize pH, decrease the ammonia content, and recycle 
sewage (dead algae, feces, and food remains) as organic material for beneficial microbes 
which can be used as a supplementary food for cultured prawn. Hence, the objective of 
the present study was to evaluate the effect of biofloc application on the water quality in 
the culture system of tiger prawn (P. modonon). 
 
Material and Method 
 
Time, location and experimental design. The experiment was conducted on June to 
August 2015 in Laboratory of Ujung Batee Brackish Water Aquaculture Development 
Center, Aceh Besar District, Indonesia. 

The completely randomized design was utilized in this study. Three levels of 
biofloc density were tested in this study: 5 mL L-1, 10 mL L-1 and 15 mL L-1 and every 
treatment was done at four replicates. The post larvae (PL-30) tiger prawns were reared 
in the 12 cylindrical high density polyethylene (HDPE) tanks (total volume 100 L) and 
every tank has 25 prawns. The prawns were fed the commercial diet with 35% crude 
protein for 95 days.  
 
Biofloc cultivation. The biofloc was cultivated in a fiber plastics tank (vol. 2000 L). The 
tank was fulfilled with sea waters (20 ppt) and a total of 1000 tilapia fish (Oreochromis 
niloticus) with the average size of 3-5 cm were stocked into the tank and the tank was 
equipped with aeration. Approximately 20 g of soil sediment from mangrove area were 
put in the tank as the biofloc inoculant. The fish were fed the commercial diet with 38% 
crude protein at feeding level of 5% body weight and the feed were mixed with molasses 
at the ratio of 2:1 (feed: molasses) before being given to the tilapia fish. The biofloc were 
harvested after 45 days and applied into the experimental tanks at respective density. 
 
Biofloc harvests and stocked. The aeration was switched off to allow the floc to settle 
on the bottom of the cultivation tank. The biofloc were siphoned into a glass beaker at 
the respective volume of 400 mL, 800 mL and 1200 mL to result in the required density 
of 5 mL L-1, 10 mL L-1 and 15 mL L-1 in the experimental tanks. The density of biofloc in 
the experimental tanks was monitored for 7 days interval to make sure the biofloc 
density is still at expected value.   
 
Water quality parameters. The dissolved oxygen (DO), pH and water temperature 
were measured directly in the experimental tanks every day using the digital water 
checker (YSI-550 A, ASTM, Alla, France). While, the total ammonia nitrogen (TAN) and 
nitrate (NO3) were measured using the spectrophotometric method (Eaton et al 2005), 
nitrite (NO2) was examined using calorimetric method and alkalinity was measured ex 
situ using the titrimetric method (Eaton et al 2005). 
 
Data analysis. The data were subjected to analysis of variance (One-way ANOVA) and 
followed by the Duncan multi-range test at the confidence level of 95% using SPSS ver. 
16.0 software.  

 
Results and Discussion. The results showed that the salinity ranged from 20.41‰ to 
20.52‰, water temperature 26.95-27.21°C, DO 7.2-7.3 mg L-1, pH 7.90-7.96 (Table 1), 
TAN ranged from 0.10 mg L-1 to -0.25 mg L-1, nitrite 0.20-0.30 mg L-1, nitrate 18.8-23.2 
mg L-1 and alkalinity 117.7-122.9 mg L-1(Table 2). The ANOVA test showed that the floc 
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density did not give the significant effect on the salinity, temperature, pH, DO, TAN and 
nitrite concentrations (p > 0.05), but gave the significant effect on the nitrate and 
alkalinity values (p < 0.05). In general, the range of water quality parameters is still 
within the standard ranges for tiger prawn cultivation (Arifin et al 2007). The direct 
observation showed that the water in the floc treatment looks murky, which is caused by 
the formation of biofloc. According to Ekasari (2009) heterotrophic bacteria in the biofloc 
have the ability to utilize organic and inorganic nitrogen contained in water of cultures 
media and therefore the biofloc can maintain the water quality. 
 

Table 1 
The average values (mean±standard deviation) of salinity, water temperature, pH, and 

dissolved oxygen concentrations in respective treatments  
 

Biofloc concentration Salinity (ppt) Temp. (°C) pH DO (mg L-1) 
Control 20.47±0.0b 27.14±0.0a 7.93±0.0a 7.2±0.0b 
5 mL L-1 20.52±0.0c 27.16±0.1a 7.96±0.0a 7.3±0.0a 

10 mL L-1 20.46±0.0b 27.21±0.2a 7.96±0.0a 7.3±0.0a 

15 mL L-1 20.41±0.0a 26.95±0.2a 7.90±0.0a 7.3±0.0a 

The mean values followed by the different superscripts are significantly different (p < 0.05). 
 

Table 2 
The average values (mean±standard deviation) of total ammonia nitrogen, nitrite, 

nitrate, and alkalinity concentrations in respective treatments 
 

Biofloc 
concentration 

TAN  
(mg L-1) 

Nitrite  
(mg L-1) 

Nitrate 
 (mg L-1) 

Alkalinity  
(mg L-1) 

Control 0.25±0.0b 0.30±0.0a 18.8±1.3a 117.7±1.6a 
5 ml L-1 0.10±0.0b 0.20±0.0a 20.3±0.7a 119.1±2.2a 

10 ml L-1 0.15±0.0b 0.20±0.0a 23.2±1.0b 122.9±2.0b 

15 ml L-1 0.10±0.0a 0.20±0.0a 19.5±0.2a 118.7±1.7a 

The mean values followed by the different superscripts are significantly different (p < 0.05). 
 

The result showed that the salinity ranged between 20.41ppt to 20.52 ppt, and there 
were no significant differences in the salinity among the treatments. These values are 
still in the optimum level for tiger prawn (Tarsim 2004). According to Rosenberry (2001) 
tiger prawn is an euryhaline aquatic organism, which could tolerate the salinity between 
3 ppt to 45 ppt, and however the best growth performance occurred at 15-30 ppt. 

The water temperature ranged from 26.95°C to 27.21°C, indicating that the water 
temperature variations between treatments were low. However, the lower water 
temperature was recorded at treatment B (10 mL L-1). In general, the ranges of water 
temperature in all treatments are still suitable for tiger prawn growing. This is in 
agreement to Pillay & Kutty (2005) who stated that the optimum range of water 
temperature for tiger prawn is between 12.0oC to 37.5oC. Beside affecting the prawn, the 
water temperature is also affecting the floc formations (De Schryver & Verstraete 2009). 
Furthermore, De Schryver & Verstraete (2009) stated that the best temperature for 
biofloc was between 18oC to 20oC. Therefore, the study indicates that the water 
temperature values in all treatments were higher than the optimum level for biofloc, 
however, it still can be tolerated by the cultured prawn. In addition, the activity of 
microbes in the floc was affected by temperature, for example the extracellular 
polysaccharide as the primary form of floc produced by microbes are higher at 25oC 
(Krishna & Van Loosdrecht 1999).  

The DO ranged from 7.2 mg L-1 to 7.3 mg L-1, and pH ranged from 7.90 to 7.96, 
indicates no significant differences among the treatments. In general the DO values are 
suitable for tiger prawn. According to Boyd & Tucker (1998) the minimum DO 
requirement for prawn culturing is about 4 ppm. The higher of DO concentration in the 
experiment tanks are probably due to all the tanks were equipped with continuously 
aeration. Beside to trigger oxygen diffusion from the air (atmosphere) into the water, 



AACL Bioflux, 2016, Volume 9, Issue 4. 
http://www.bioflux.com.ro/aacl 926 

aeration is also needed for mixing water and avoid deposition of biofloc, food remains 
and feces which could increase the levels of ammonia (Hargreaves 2013). 

The study revealed that the pH values were still in optimum range for penaeid 
shrimps. According to Wickins & Lee (2002) the penaeid shrimps need the pH value 
between of 7.6 to 8.3. There are two types of ammonia in culture system i.e. NH3 
(unionized ammonia) and NH4

+ (ionized ammonia) and the total amount of the two forms 
of ammonia is called total ammonia nitrogen (Ebeling et al 2006) while pH is one of the 
parameters that affect the level of ionized and non-ionized ammonia in the water. 

The results revealed that the TAN, nitrite and nitrate concentrations ranged 
between 0.10-0.25 mg L-1, 0.20-0.30 mg L-1, and 18.8-23.2 mg L-1, respectively (Table 
2). The study revealed that lower TAN was recorded at 5 mL L-1  and 15 mL L-1 of biofloc, 
however these values were not significantly different with 10 mL L-1. While the higher 
nitrate and alkalinity were recorded at 10 mL L-1, but these was not significantly different 
with other treatments.    

In general, the TAN concentration is still in optimum ranges for penaeids (Taslihan 
et al 2003). The TAN concentration is the combination between the ionized nitrogen 
(NH4

+) and unionized nitrogen (NH3). The concentration of NH3 is affected by pH, 
temperature and salinity where the concentration of NH3 is higher when the temperature 
and pH increased (Boyd & Tucker 1998). Biofloc has the ability to balance the 
concentration of ammonia in the culture system, because the heterotrophic bacteria in 
biofloc are able to absorb ammonia 40 times faster than nitrification bacteria         
(Ebeling et al 2006). In addition, De Schryver & Verstraete (2009) stated that biofloc 
grown in the bioreactor can convert 98% ammonia to nitrate at a concentration of                    
110 mg L-1 day-1. The ability of heterotrophic bacteria to absorb the ammonia is 
influenced by the ratio of organic carbon and nitrogen (C/N ratio) in water where the 
ammonia will be absorbed quickly when C/N was higher (Schneider et al 2006). 

The nitrite concentrations in all floc treatments are suitable for tiger prawn 
culture, the highest nitrite concentration was recorded at control treatment. According to 
Taslihan et al (2003), the optimum maximum level of nitrite was 0.2 mg L-1. The low 
value of nitrite on the biofloc treatments probably due to the ammonia has converted to 
nitrite by heterotrophic bacteria in biofloc then utilized by micro algae for growing 
(Avnimelech 1999; Ebeling et al 2006). This is an indication that the nitrification process 
occurred in the culture medium. The nitrification is a two-step process in which ammonia 
is oxidized to nitrite and then nitrite is oxidized to nitrate by nitrification bacteria (Sticney 
2005). 

Nitrate is the end product of the nitrification process, this compound is toxic for 
penaeid shrimp at concentrations above 200 mg L-1 (Chamberlain 1988). The observation 
of the nitrate content of culture media during the study shows the range of 18.8-23.2 mg 
L-1, these values are below the limit for shrimp. This is probably due to the presence of 
phytoplankton (microalgae) in biofloc. Algae needs nitrate as a source of nutrients that 
are absorbed from the water and therefore the concentration of nitrate in the water 
media was lower (Ebeling et al 2006). The concentration of nitrate and nitrite shows the 
opposite relationship as recorded in this study. The higher nitrite and lower nitrate 
concentrations were recorded in the control treatment, this is probably due to lack of 
microalgae in the water media because no biofloc occurred. 

The higher alkalinity was recorded at biofloc density of 10 mL L-1 and the lower 
concentration occurred at 15 mL L-1. In general the concentration of alkalinity in all 
treatments are suitable for tiger prawn. According to Taslihan et al (2003) the optimum 
range of alkalinity was 90-130 mg L-1. Alkalinity has an important role as a pH buffer. 
Ebeling et al (2006) suggest alkalinity should be maintained in the range of 100-150 mg 
L-1 CaCO3 with the addition of sodium bicarbonate or agricultural lime if needed. This 
report is the initial study and the further study is performing to evaluate the effect of 
biofloc application on the growth performance, survival rate and feed utilization of the 
tiger prawn. 
 
Conclusions. The biofloc density did not give the significant effect on the salinity, 
temperature, pH, DO, TAN and nitrite concentrations, but gave the significant effect on 
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the nitrate and alkalinity values. In general, the range of water quality parameters are 
still within the standard ranges for tiger prawn cultivation in all treatments, but the 
several water quality parameters (i.e. TAN, nitrite ad nitrate, and alkalinity) of biofloc 
treatment were better than control. 
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