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Abstract. This Population growth that continues to increase demands continuous availability 

of food. Aquaculture is one of the sectors of food production which has the highest growth rate 

in the world. Facing this opportunity, aquaculture is faced with several challenges related to 

limited natural resources such as water and land, as well as waste water from aquaculture. 

Furthermore, the application of best aquaculture practices in aquaculture product certification 

requires environmentally friendly aquaculture practices. Oreochromis niloticus tilapia is a type 

of freshwater consumption fish and is now a popular pet fish in freshwater ponds in Indonesia. 

This study aims to analyze water quality in the maintenance of Tilapia through 

environmentally friendly Biofloc technology. This research method was designed in the form 

of Research and Development. The results showed that the water quality was proper for pond 

operation using minimal water exchange, the development of dense microbial populations 

through the management of microbial populations could control the concentration of ammonia 

in the water. Bacteria in ponds form biofloc, producing microbial proteins that make it possible 

to recycle unused feed protein, so as to minimize pollution. 
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1.  Introduction  

Aquaculture is a form of maintenance and breeding of various kinds of aquatic animals or 

plants that use water as its main component. Common activities include fish cultivation, shrimp 

cultivation, oyster cultivation, seaweed cultivation (algae). 

Aquaculture is an activity to produce aquatic biota (organism) in a controlled environment in order to 

get profit. In the next two decades, it is estimated that the demand for fish or non-fish will double due 

to the increase in world population. No doubt, aquaculture is a very reliable industry. It is estimated 

that in 2020, aquaculture will produce more than 68 million tons, reaching 40% of global seafood 

production [1].  

Tilapia (Oreochromis niloticus) is a cheap source of animal protein for human consumption. 

Fish farming can be done in ponds or rearing tanks. In the process of growth, protein metabolism by 

aquatic organisms generally produces ammonia as a result of excretion. At the same time, the protein 

in feces and inedible feed will be broken down by bacteria into the same product, thus the more 

intensive a cultivation activity will be followed by the higher concentration of nitrogen compounds 

especially ammonia in water [2-3].  

The high organic waste from artificial feed (pellets) and feces resulting from intensive fish 

maintenance will cause buildup and sedimentation at the bottom of the maintenance water media, so a 
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decomposition process is needed. If not decomposed the maintenance media will be decomposed 

anaerobically by anaerobic bacteria then form toxic gases such as sulfuric acid, nitrite, and ammonia 

and have a negative impact on the metabolism of aquatic organisms to death. To reduce organic waste 

and will be discharged into public waters, water quality management is needed so that the maintenance 

media remain in good condition. One of the efforts is a biological approach by utilizing bacterial 

activity to accelerate the process of decomposition of organic waste. 

Along with the development of technology through a biological approach, biofloc 

technology has been applied to maintain the quality of aquaculture. Biofloc technology is a technology 

to use both heterotrophic and autotrophic bacteria that can convert organic waste intensively into 

flock-shaped microorganisms, which can then be utilized by fish as a food source [4-5]. Within the 

floc there are several forming organisms such as bacteria, plankton, fungi, algae, and suspended 

particles that affect the structure and nutrient content of biofloc, but the bacterial community is the 

most dominant microorganism in floc formation in biofloc [6]. 

Biofloc technology or active suspension technique, uses constant aeration to enable the 

process of aerobic decomposition and keep bacterial flocks in suspension [7]. In this system 

heterotrophic bacteria that grow with high density function as bioreactors that control water quality 

especially N concentrations as well as a source of protein for the organisms that are kept. Furthermore 

according to [6], states that the formation of biofloc by heterotrophic bacteria generally aims to 

increase nutrient utilization, avoid environmental stress and predation. 

This research is important to assess the efficiency of water use, ammonia content in water, 

the use of nutrients as natural food and the reduction of waste pollution in tilapia fish farming. It is 

expected that perpetrators of aquaculture will continue to prioritize the use of science and technology 

in the management of sustainable aquaculture businesses. 

 

2.  Methods 

This research is a research development (R & D) . The development procedure uses the Borg and Gall 

model. Biofloc technology application is also carried out in this activity, namely making biofloc pools, 

preparing water media, growing floc, feeding management and water quality management. 

The application of biofloc technology is carried out in a round 

tarpaulin pond with a diameter of 150 cm, height, 100 cm. 

Maintenance water media is 1.5 m3 and fish density is 300 fish/ 

m3. At the beginning before the fish were stocked, probiotics 

were given, namely EM4 floc forming at a dose of 5 cc/m3. The 

addition of probiotic bacteria was carried out along with the 

accumulation of feed given in the maintenance media for 42 

maintenance days and the length of the fish was measured at the 

beginning and the end of maintenance. During maintenance 

measured water quality including ammonia, temperature, DO, 

and pH was carried out on days 0, 21 and 42. 

 

3.  Results and discussion 

From the results of the study water quality data obtained in the measurement period are as follows: 

Table 1. Data on Biofloc Pond Water Quality in Tilapia Maintenance 
   

Parameters Day 0 Day 21 Day 42 

Ammonia 0.015 mg / L 0.02 mg / L 0.013 mg / L 

Temperature 260C 280C 280C 

DO 5.2 mg / L 8.4 mg / L 8.57 mg / L 

 
Figure 1. Biofloc Ponds 
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pH 6 6 7 

Next, the ammonia content for 42 days, with sampling on day 0, day 21 and day 42, is presented in 

Figure 2. 

From this graph, it can be seen the average 

ammonia content of 0.016 mg / L, which means 

that the ammonia content in the pond is still 

below the quality standard. This condition can 

occur due to bacteria that can break down waste 

from fish, namely the Nitrosomonas bacteria, 

which convert Ammonia into Nitrites, Nitrites 

are then converted into Nitrates by Nitrobacter 

bacteria. According to [8] requirements, the 

maximum limit of ammonia levels for fish 

farming activities is <0.02 mg / L. 

 

By [9] asserted that decomposition of ammonia by microbes can be done by deamination 

process. Deamination is the process of dismantling proteins into amino acids, then amino acids are 

broken down into ammonia and some other substances by the bacteria producing urease enzymes, with 

this enzyme urea can be broken down into ammonium carbonate, while ammonium carbonate is easily 

broken down into ammonia, carbon dioxide and water, also confirmed by [10] that the urease enzyme 

is the only catalyst enzyme in hydrolyzing urea. [11] added that the genus Bacillus is a microbe from a 

class of bacteria that is able to synthesize urease well in waters. 

The need for good water quality in intensive fish maintenance requires an environmentally 

friendly technology so that the low organic matter in the maintenance media and the low waste that is 

discharged into public waters, in this case biofloc technology can provide a solution. 

Broadly speaking, intensive maintenance of Tilapia with biofloc technology is more 

effective than without biofloc technology. And some supporting parameters such as temperature, DO, 

and pH are still within the maintenance threshold of tilapia. Provision of probiotics such as EM4 

(Effective Microorganisms 4) has an important meaning in maintaining water quality by the process of 

breaking down waste materials into more useful organic matter. According to the opinion of  [12]  

which states EM4 contains fermented and synthetic microorganisms consisting of Lactic Acid bacteria 

(Lactobacillus sp), Photosentetic Bacteria (Rhodopseudomonas sp), Actinomycetes sp, Streptomyces sp 

and Yeast (yeast) ) and cellulose decomposers. 

[13] said that EM (Effective Microorganisms) consists of photosynthetic bacteria, lactic acid 

bacteria, actinomicetes, yeast and fermented fungi. Photosynthetic bacteria form beneficial substances 

that produce amino acids, nucleic acids and bioactive substances derived from harmful gases and 

function to bind nitrogen from the air. Lactic acid bacteria function to ferment organic material into 

lactic acid, accelerate the overhaul of organic matter, lignin and cellulose, and suppress pathogens 

with lactic acid produced. Actinomicetes produce anti-microbial substances from amino acids 

produced by photosynthetic bacteria. Yeast produces antibiotic substances, produces enzymes and 

hormones, yeast secretion becomes a substrate for effective microorganisms of lactic acid bacteria 

actinomycetes. Fermentation fungi are also able to break down organic matter quickly which produce 

anti-microbial ester alcohol, and eliminate the foul odor. 

These microbes also play a role in floc formation. The formation of flocks in the pool can be 

seen with the characteristics of the pool does not smell, the color of the flocks in the pool is green 

which indicates in the pool more phytoplankton is formed. 

 

 

 

 

 
Figure 2. Ammonia Content in Biofloc Ponds 
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Concentrations of temperature, DO, and pH in each 

treatment ranged from 26-28oC; 5.2-8.57 mg / L; and 6-7. 

The three parameters show the results in the maintenance 

media are within reasonable limits for the growth of tilapia. 

Temperature requirements according to [8] 25-32oC as well 

as (DO) dissolved oxygen is within the proper limits for the 

growth of tilapia, according to the requirements of [8] SNI, 

DO is a minimum of 3 mg / L tilapia can still grow well at 

dissolved oxygen 5.2-8.57 mg / L. The pH concentration of 

water in the pond is within a reasonable limit for the 

growth of tilapia, ranging from 6-7 while [8] requirements 

are 6.5- 8.5. 

 

Ammonia's toxicity to aquatic animals is very dependent on pH, temperature and salinity. At 

high pH the NH3 levels will rise, and vice versa. When ammonia levels are high, the ability of fish to 

excrete ammonia is reduced. This causes an increase in ammonia levels in the blood and body tissues. 

This will increase blood pH levels and have a detrimental effect on enzyme sharing reactions and 

membrane stability. Negative effects include damage to the gills, reducing the capacity of blood to 

carry oxygen and histological damage to red blood cells [14]. From the results of observations of 

Ammonia (NH3) in ponds during the study containing ammonia with an average concentration of 

0.016 mg / L. This proves that the role of flocks in ponds is able to maintain ammonia concentration 

during the tilapia aquaculture process. This condition is in accordance with the statement of [15] if the 

level of ammonia in the waters contained in an amount that is too high is greater than 1 mg / L can not 

be suspected of pollution. 

4.  Conclusion 

1. Ammonia levels in biofloc ponds contain ammonia with an average concentration of 0.016 mg/ 

L, still below the quality standard. 

2. Water quality in biofloc ponds is declared feasible during maintenance of Tilapia. 

3. Provision of EM4 forms biofloc and produces microbial proteins that play a role in recycling 

unused feed proteins, so as to minimize pollution. 
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