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Addition of Bacillus sp. as a Bioremediation Agent on the Water Quality for Nile Tilapia (Oreochromis niloticus) Fry

Abstract 
	Tilapia (Oreochromis niloticus) is a freshwater fish species with high economic value, widely cultivated due to its rapid growth and relatively simple farming practices. However, one of the primary challenges in tilapia aquaculture is maintaining water quality, as poor conditions—resulting from factors such as temperature fluctuations, uneaten feed, and fish waste—can negatively impact fish growth and survival. One promising solution is the use of bioremediation systems, particularly probiotics such as Bacillus sp., to enhance water quality. This study aimed to determine the optimal dosage of Bacillus sp. probiotics as a bioremediation agent to improve water quality, as well as the growth and survival rates of tilapia fingerlings. The experiment used a Completely Randomized Design (CRD) with five treatments (P1: 0 ml/L, P2: 0.5 ml/L, P3: 1 ml/L, P4: 1.5 ml/L, P5: 2 ml/L) and three replications each, totaling 15 experimental units. The procedures included container preparation and water conditioning, acclimatization of test animals, probiotic application, water exchange and siphoning, feeding, and water quality monitoring. The best results were observed in treatment P4 (1.5 ml/L), with an absolute length increase of 4.15 cm, absolute weight gain of 3.49 g, a specific growth rate (SGR) of 3.24%/day, and a survival rate of 84.2%.
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1. INTRODUCTION

Tilapia is a freshwater fish that has high economic value, so it is widely cultivated by farmers because of its nature that can be mass-produced and its easy cultivation method. The Ministry of Maritime Affairs and Fisheries noted that Indonesia's tilapia production in 2021 reached 1.35 million tons with a value of IDR 33.62 trillion (KKP, 2022) and in 2022 tilapia production in Indonesia increased to 1.41 million tons with a value of IDR 36.47 trillion. Tilapia is one source of animal protein that is still affordable for all levels of society, so the need for this fish continues to increase. To meet this increase in production, it can be done through fish farming by paying attention to various aspects that support the survival of the fish, such as water quality. One of the obstacles in tilapia cultivation is water quality. Poor water quality can affect the growth and survival of the cultivated biota, which can be caused by changes in water temperature, leftover feed and also feces. Alternative efforts to manage the quality of aquaculture water that continue to be studied and developed are bioremediation systems. The bioremediation process of by organisms is a process of degradation of substances by extracellular enzymes produced by bioremediation agents. The types of bacteria are known to be able to carry out the decomposition process of toxic metabolite compounds and can be developed as bioremediation agents for water quality control. For example, Bacillus sp. (Saniswan, 2019). Bacillus sp. is a type of aerobic bacteria that can be found in nature and has been produced commercially and is effective as a biological agent in the processing of organic waste.
	Referring to research Apriyan (2021), the difference in the research conducted lies in the type of probiotics used. The study added EM4 probiotics to the cultivation media. So far, the concentration of the addition of Bacillus sp. probiotics to the maintenance media is not known to be able to maintain water quality or increase the growth and survival of tilapia seeds. This study aims to figure out the best concentration of Bacillus sp. probiotic bacteria to use as a bioremediation agent. The focus is on improving water quality in the environment where tilapia are raised, which will help them grow better and increase their survival rate. 
2. MATERIALS AND METHODS

2.1 Research Methods

This research was conducted for 45 days from July 2024 - Septembler 2024 at the Fish Production and Reproduction Labloratory, Department of Fisheries and Marine Sciences, Faculty of Agriculture, University of Mataram. The tools used in this study were aeration, stationery, storage tanks, DO meters, bluckets, measuring cups, containers, rulers, Ph meters, aeration hoses, scoop nets, syringes and analytical scales. While the materials used were tilapia seeds measuring 3-4 cm, molasses, procenna probliotics and HI-PRO-VIT PSC feed.

2.2 Experimental Design and Dosage Reference

This study was conducted using an experimental approach, employing a Completely Randomized Design (CRD) with five treatments and three replications, resulting in a total of 15 experimental units. The dosage applied was informed by the research of Apriyan (2021), which identified the addition of probiotics at a concentration of 1.5 ml per liter as the most effective treatment for promoting optimal growth and survival. A detailed outline of the treatment plan is presented in Figure 1.
[image: ]
Figure 1. Treatment Plan
The maintenance media consisted of 15 containers, each with a capacity of 45 liters. Prior to use, all containers were thoroughly cleaned with clean water and then dried for 24 hours. For the preparation of the culture water, clean water was first left to stand in a reservoir for 24 hours to allow suspended particles to settle. The test animals used in this study were tilapia fingerlings measuring 3–4 cm in length. Each container was filled with 30 liters of water and stocked with 40 tilapia fingerlings (Apriyan, 2021). Before being introduced into the maintenance containers, the fish were acclimatized for 15–30 minutes to help them adapt to environmental changes.
Bacillus sp. probiotics were administered by directly adding the probiotic solution to the containers according to the predetermined experimental doses. Probiotics were applied every 5 days in the afternoon, following the siphoning and replacement of 50% of the water. The specified dose was measured using a measuring cup and added directly to the culture water. Feeding was conducted using a restricted feeding method, based on 5% of the total fish biomass. The feed used was HI-PRO-VIT (code PSC, size -1).
Water quality was a key parameter observed in this study. The parameters measured included ammonia, total ammonia nitrogen (TAN), temperature, pH, and dissolved oxygen (DO). Measurements for temperature, pH, DO, and ammonia were taken every 5 days, while TAN was measured at the beginning and end of the experiment.

2.3 Data Analysis

 Data were analyzed using the ANOVA test. This test was conducted to determine the effect of treatment (independent variable) on the response of the measured parameters. If the test value is significantly different, it will be continued by using the DUNCAN test to determine which treatment gives the best results. Meanwhile, water quality parameter data will be entered into a table and then explained descriptively.

3. RESULTS AND DISCUSSION

3.1 Results

3.1.1 Water Quality

· Temperature
	The results showed that the temperature value of tilapia seeds during 45 days of maintenance ranged from 30.5-31°C. The ANOVA results showed that the addition of Bacillus sp. probiotics at different doses showed an insignificant effect (P>0.05) on the temperature of tilapia seeds which can be seen in Figure 2.


Figure 2.  Monitoring of water gemperature in nila tilapia fry cultured under different dosage treatments
· pH
The addition of probiotic Bacillus sp. with different doses for 45 days of maintenance showed pH values ranging from 7-8. The ANOVA results showed significant results (P<0.05) which can be seen in Figure 3.


Figure 3.  Monitoring of water pH in nila tilapia fry cultured under different dosage treatments
The results of the Duncan test showed that the pH check value of tilapia seeds at P3 (1.5 ml/l) gave a pH value that was significantly different from treatments P1 (control), P2 (0.5 ml/l) and P5 (2 ml/l), but was not significantly different from treatment P4 (1.5 ml/l).

· DO
This study shows the DO checking the value of tilapia seeds for 45 days of maintenance with the addition of Bacillus sp. probiotics at various doses ranging from 5.8-7.1 mg/l. The results of the ANOVA test showed that the addition of Bacillus sp. probiotics at different doses had a significant effect (P<0.05), which can be seen in Figure 4.


Figure 4. monitoring of dissolved oxygen levels in nila tilapia fry cultured under different dosage treatments

The results of the Duncan test showed that the DO check value of tilapia seeds at P4 (1.5 ml/l) gave a DO value that was significantly different from treatments P1 (control), P2 (0.5 ml/l) and P3 (1 ml/l), but was not significantly different from treatment P5 (2 ml/l).

· Ammonia

This study shows the value of checking the ammonia of tilapia seeds for 45 days of maintenance with the addition of Bacillus sp. probiotics at various doses ranging from 0.218-1.033 mg/l. Based on the results of the ANOVA test, it shows that the addition of Bacillus sp. probiotics at different doses has a significant effect (P<0.05). The ammonia checking graph can be seen in Figure 5.


Figure 5. Monitoring of ammonia concentration in nila tilapia fry cultured under different dosage treatments

The results of the Duncan test showed that the ammonia check value of tilapia seeds at P4 (1.5 ml/l) gave an ammonia value that was significantly different from treatments P1 (control), P2 (0.5 ml/l) and P3 (1 ml/l), but was not significantly different from treatment P5 (2 ml/l).

· TAN

This study shows the TAN checking value of tilapia seeds for 45 days of maintenance with the addition of Bacillus sp. probiotics at various doses ranging from 0.31-1.07 mg/l. The ANOVA results showed that the addition of Bacillus sp. probiotics at different doses showed a significant effect (P<0.05). The TAN checking graph can be seen in Figure 6.


Figure 6. Monitoring of total ammonia nitrogen in nila tilapia fry cultured under different dosage treatments

The results of the Duncan test showed that the TAN check value of tilapia seeds at P1 (control) gave a TAN value that was significantly different from the treatments P2 (0.5 ml/l), P3 (1 ml/l) and P4 (1.5 ml/l) and P5 (2 ml/l).

3.1.2 Absolute Length

	The results of the study showed that the absolute length of growth of tilapia seeds during 45 days of maintenance ranged from 3.55-4.15 cm. The ANOVA results showed that the addition of probiotic Bacillus sp. at different doses showed a significant effect (P<0.05) on the absolute length of tilapia seeds, which can be seen in Figure 7.


Figure 7. Absolute length of tilapia seeds reared at different doses

The results of the Duncan test showed that the absolute length of tilapia seeds at P4 (1.5 ml/l) gave an absolute length that was significantly different from treatments P1 (control), P2 (0.5 ml/l) and P3 (1 ml/l), but was not significantly different from treatment P5 (2 ml/l).

3.1.3 Absolute Weight

​The addition of probiotic Bacillus sp. with different doses for 45 days of maintenance gave absolute weight values ranging from 2.39-3.49 grams. The ANOVA results showed significant results (P<0.05) on the absolute weight of tilapia seeds, which can be seen in Figure 8.

Figure 8. Absolute weight of tilapia seeds reared at different doses

Based on the results of Duncan's further test, it was found that P1 was significantly different from all treatments.
3.1.4 Specific Growth Rate (SGR)

This study showed that the specific growth rate of tilapia seeds during 45 days of maintenance with the addition of Bacillus sp. probiotics at various doses ranged from 2.73 to 3.24% per day. The results of the ANOVA test showed that the addition of Bacillus sp. probiotics at different doses had a significant effect (P <0.05) on the specific growth rate of tilapia seeds, which can be seen in Figure 9.


Figure 9. Specific growth rate of tilapia seeds reared at different doses

The results of the Duncan test showed that the specific growth rate of tilapia seeds in the P4 treatment with a dose of 1.5 ml/l was significantly different from the P1 treatment (control), but was not significantly different from the P2 (0.5 ml/l), P3 (1 ml/l) and P5 (2 ml/l) treatments.

3.1.5Total Bacteri Count (TBLC)

This study showed that during 45 days of maintenance, the number of bacteria found in Tilapia seeds ranged from 963,333.33 CFU to 1,556,666 CFU. The addition of Bacillus sp. probiotics at various doses, resulted in a significant increase in the total number of bacteria (P <0.05) which can be seen in Figure 10.

Figure 10. Total blacteria of tilapia seeds maintained at different doses

The results of the Duncan test showed that the total bacteria in tilapia seeds in treatment P5 (2 ml/l) showed a significant difference from treatment P1 (control), but was not significantly different from treatments P2 (0.5 ml/l), P3 (1 ml/l), and P4 (1.5 ml/l).

3.1.6 Survival Rate (SR)

	The results of the study showed a difference in the survival rate of tilapia seeds with the addition of Bacillus sp. during 45 days of maintenance. Based on the results of ANOVA, the addition of Bacillus sp. probiotics at various doses had a significant effect on the survival rate of tilapia seeds (P <0.05), as shown in Figure 11.

Figure 11. Survival of tilapia seeds reared at different doses

The results of the Duncan test showed that the survival rate of tilapia seeds in the P4 treatment (1.5 ml/l) was significantly different from the P1 (control), P2 (0.5 ml/l), and P3 (1 ml/l) treatments, blut was not significantly different from the P5 treatment (2 ml/l).
3.2 Discussion

3.2.1 Water Quality

Water quality is an important factor in tilapia cultivation, because water conditions that are in accordance with the living environment can support fish growth effectively Purba et al. (2017). One effort that can be made to maintain optimal water quality is by adding Bacillus sp. as a bioremediation agent. Bioremediation is a process of maintaining water quality biologically by utilizing microorganisms, one of which is using Bacillus sp. Based on the research activities that have been carried out, the water quality parameters measured in this study are temperature, pH, DO, ammonia and also TAN.

· Temperature

Temperature is one of the important parameters in determining water quality, especially in tilapia cultivation, because it directly affects fish metabolism, microorganism activity, and oxygen solubility in water (Cahyanti, 2022). The results of the study showed that the water temperature was in the range of 28–32°C. This temperature range is still within the optimal range for tilapia growth. The temperature values obtained in this study are in line with the statement of Indriati et al. (2022), which states that the optimal temperature for tilapia maintenance is 28-32°C. Temperature fluctuations obtained during the study can be influenced by several factors such as sunlight and so on. Muarif (2016) explains that temperature fluctuations in waters can be caused by room temperature, sunlight and weather.

· pH

The pH of aquaculture waters is a parameter that indicates the level of acidity or alkalinity of water in an aquaculture system. Based on research that has been conducted, the pH value obtained ranges from 7.0-8.0. The pH value obtained is still within the optimal range for the growth of tilapia. According to A'yunin (2022), the ideal pH for the growth of tilapia is in the range of 5-11Based on Figure 3, the pH value obtained in each treatment is different due to the addition of Bacillus sp. with different doses. In line with the opinion of Dewi (2023), the provision of probiotics Lactobacillus sp. and Bacillus sp. with varying doses in the media has an impact on water quality, including pH parameters.

· DO

The next water quality parameter measured is the dissolved oxygen (DO) content. This parameter is important to note because oxygen plays a role in supporting the respiration process, metabolism, and survival of fish. Based on research activities, the dissolved oxygen (DO) values ​​obtained ranged from 5.8-7.1 mg/l, the values ​​obtained are still considered optimal for the growth of tilapia. Indriati et al. (2022) stated that good oxygen content for fish cultivation is >4 mg/l. Baihaqi et al. (2024) dissolved oxygen in water plays an important role in influencing fish activity and metabolism. This is due to the fish's need for dissolved oxygen to breathe and support the food combustion process. This process produces the energy needed by fish to swim, grow, reproduce, and carry out various other activities.

· Ammonia

Ammonia is a gaseous chemical compound consisting of nitrogen and hydrogen. This compound is soluble in water and is often found as a result of the decomposition of organic matter by microorganisms. Ammonia plays an important role as a source of nitrogen for microorganisms, but in high concentrations it can be toxic, especially to biota in aquatic environments. The results of the study obtained, the concentration of ammonia ranged from 0.218 to 1.033 mg/l. In Figure 5 it can be seen that the ammonia value obtained in the treatment added with Bacillus sp. is still within the optimal range but not with the control treatment, where the value obtained is above the optimal range of 1.033 mg/l. According to Nopianto (2022), the optimal value of ammonia in freshwater fish farming is <1 mg/l. The values ​​obtained during the study were influenced by various factors, such as environmental conditions and the treatment given.
The highest ammonia value was obtained in the P1 treatment, which was thought to be caused by the accumulation of leftover feed and feces in the cultivation media, due to siphoning carried out every 5 days and also no addition of Bacillus sp. probiotics. Meanwhile, the ammonia levels in the treatment with the addition of Bacillus sp. were lower due to the presence of Bacillus sp. bacteria which are able to reduce ammonia. In this study, Bacillus sp. was used as a bioremediation agent to help decompose leftover feed, fish feces, and other organic materials that can reduce water quality. In addition, Bacillus sp. is able to compete with pathogenic bacteria in the aquatic environment, so that it can suppress the growth of microorganisms that cause disease. Pratama (2017) stated that Bacillus sp. works effectively in decomposing ammonia so that ammonia levels are low. The addition of probiotics to the fish maintenance media can help decompose organic materials so that ammonia concentrations become lower.
Ammonia has an optimal threshold in tilapia cultivation. If ammonia levels exceed the specified limit, the fish will experience disorders that cause stress and can weaken their immune systems. With less than optimal environmental conditions and poor water quality, the fish's immune system will decrease, making them susceptible to disease and reducing their appetite. As a result, fish growth becomes uneven, which will ultimately have a direct impact on the survival of the biota. Ammonia is toxic to fish and can cause damage to the central nervous system, leading to convulsions and death. Therefore, it is important to maintain ammonia levels within the optimal range to ensure optimal survival and growth of tilapia.

· TAN

The highest Total Ammonia Nitrogen (TAN) concentration in this study was found in the control treatment. The high TAN value was caused by the accumulation of fish metabolic waste and uneaten feed residue. This can increase the concentration of ammonia in the water, which has a negative impact on the fish growth process. On the other hand, in the treatment with the addition of Bacillus sp., the lowest TAN value was found in P4. This is due to the role of Bacillus sp. as an effective bioremediation agent in reducing TAN content. Bacillus sp. works to reduce the Total Ammonia Nitrogen (TAN) value in aquatic media through the bioremediation process. Bacillus sp. decomposes organic compounds from leftover feed and fish waste into ammonia through the mineralization process. Furthermore, these bacteria help the nitrification process, namely the conversion of ammonia into nitrite with the help of other nitrifying bacteria, such as Nitrosomonas. Then, nitrite is converted into nitrate with the help of bacteria such as Nitrobacter. In addition, Bacillus sp. is probiotic and can compete with pathogenic bacteria and ammonia-producing microorganisms, thus helping to maintain optimal water quality (Andriani, 2018).
The suboptimal Total Ammonia Nitrogen (TAN) value can be seen in Figure 6, with a value obtained of 1.07 mg/l. According to Rusdi (2022), the optimal TAN value in tilapia cultivation should be <1 mg/L. When TAN levels exceed the optimal limit, it can have a negative impact on fish health, such as decreased immune system, stress, and growth disorders. Therefore, maintaining TAN levels within the optimal range is very important to support the sustainability of tilapia cultivation.
Bacillus sp. plays an important role in tilapia cultivation by reducing Total Ammonia Nitrogen (TAN) and ammonia levels through several mechanisms. One of them is the nitrification process, where Bacillus sp. oxidizes ammonia into nitrite, which is then converted into nitrate by other nitrifying bacteria. This process reduces the concentration of ammonia, which is toxic to fish, thereby improving water quality. In addition, Bacillus sp. also plays a role in the decomposition of organic matter such as leftover feed and fish feces, which are the main sources of ammonia in cultivation. By degrading this organic matter, Bacillus sp. helps reduce ammonia production and maintains the balance of the aquatic ecosystem. Fenanza's research (2021) shows that the addition of Bacillus sp. in tilapia cultivation media can increase fish growth by reducing ammonia concentrations through these processes. Research that supports the role of Bacillus sp. in reducing Total Ammonia Nitrogen (TAN) was also conducted by Yuka et al. (2021), who identified bacterial isolates from vaname shrimp pond sediments. The results of this study showed that the isolates identified as Bacillus sp. were able to reduce TAN concentration by 0.404 mg/L. This shows the potential of Bacillus sp. in reducing ammonia content in aquatic environments through the bioremediation process.
Bacillus sp. works to reduce the Total Ammonia Nitrogen (TAN) value in aquatic media through the bioremediation process. These bacteria decompose organic compounds originating from leftover feed and fish waste into ammonia through the mineralization process. Furthermore, Bacillus sp. helps the nitrification process, namely the conversion of ammonia to nitrite with the help of other nitrifying bacteria, such as Nitrosomonas. Then, nitrite is converted into nitrate with the help of bacteria such as Nitrobacter. In addition, Bacillus sp. is probiotic and is able to compete with pathogenic bacteria and ammonia-producing microorganisms, thus helping to maintain optimal water quality (Andriani, 2018). This process reduces the concentration of ammonia, which is toxic to fish, thereby improving water quality.

3.2.2 Ablsolute Length

	Absolute length growth is the increase in fish length from the beginning to the end of the cultivation period. Based on the graph in Figure 6, the absolute length value obtained ranges from 3.55-4.15 cm. Based on the research results, the addition of Bacillus sp. to the tilapia seed maintenance media is known to be able to influence the increase in the absolute length of tilapia seeds. The addition of Bacillus sp. with different doses to the maintenance media can significantly affect the growth of the absolute length of tilapia. These bacteria act as probiotics and bioremediation agents that help improve water quality by decomposing organic compounds and reducing ammonia levels and Total Ammonia Nitrogen (TAN). These optimal water conditions greatly support fish growth, because low ammonia levels reduce stress and the risk of disease that can inhibit fish development. In addition, probiotic bacteria also help increase the efficiency of digestion and nutrient absorption, which play a direct role in the physical growth of fish, including increasing their absolute length.
In the control treatment, water quality tended to deteriorate due to the accumulation of organic waste from leftover feed and fish feces. Andriani et al. (2018) explained that without Bacillus sp. which plays a role in the bioremediation process, toxic compounds such as ammonia and Total Ammonia Nitrogen (TAN) will increase, resulting in less than optimal environmental conditions for the growth of tilapia. Increased levels of ammonia that are not properly decomposed can cause stress in fish, reduce the immune system, and inhibit the metabolic process, which ultimately has an impact on slower absolute length growth of fish.
The highest absolute length value was obtained in P4 (1.5 ml/l) with a value of 4.15 cm. In addition to acting as a bioremediation agent, Bacillus sp. can also increase the efficiency of digestion and nutrient absorption in tilapia. By increasing digestive efficiency, tilapia can absorb more nutrients from the feed consumed, especially protein, as energy needed for body tissue growth. Haetami et al. (2022) stated that probiotic Bacillus sp. is known to increase feed efficiency by optimizing the digestive process in the intestine and increasing the growth of tilapia.

3.2.3 Absolute Weight

Absolute weight is the total growth rate of fish biomass during maintenance. Based on the results of the graph in Figure 7, the addition of probiotic Bacillus sp. to the absolute weight of tilapia seeds during the study, the highest value was obtained in P4 with a value of 3.49 grams and the lowest value in P1 with a value of 2.39 grams. The low absolute weight in P1 is thought to be caused by poor water quality, one of which is the high ammonia obtained at 1.033 mg/l. In line with the opinion of Kisworo et al. (2024) which states that high ammonia levels can be caused by several factors, including leftover feed that is not consumed by fish and the accumulation of fish waste which then triggers an increase in ammonia. Although feed is given in sufficient quantities, most of the fish's energy is used to fight the toxic effects of ammonia, not for growth. In addition, increased ammonia levels in water can cause fish to feel uncomfortable, which can reduce appetite. If feed consumption decreases, fish do not get enough energy and nutrients to support optimal growth. Sumule (2017) states that probiotic bacteria such as Lactobacillus sp. and Bacillus sp. that enter the digestive tract play a role in the process of nutrient decomposition and produce chemicals such as amino acids and vitamins. Thus, optimal use of nutrients and increased metabolism supported by probiotic bacteria can increase fish weight and feed efficiency. 
     
3.2.4 Specific Growth Rate (SGR)

	Specific weight rate is a parameter used to measure the daily weight growth rate during the maintenance period. The results of the study showed the highest specific growth rate value in P4 at 3.24%/day and the lowest in P1 at 27.3%/day. The low value in P1 is thought to be due to the absence of the addition of Bacillus sp. Probiotics which causes tilapia seeds to experience low growth. Low growth is also thought to be caused by the administration of a suboptimal dose of probiotics, so that the microbial balance in the maintenance medium has not been achieved optimally (Amalya et al., 2023). Treatment with the addition of probiotics to the maintenance medium can increase the growth rate of tilapia seeds compared to without the addition of probiotics to the maintenance medium. This is in accordance with the statement of Saniswan et al. (2021) which states that fish growth increases due to the influence of the addition of probiotics to the maintenance medium so that the bacteria in the probiotics not only work to improve water quality but also work in the digestive tract of the fish. In addition, Amalya et al. (2023) also stated that the addition of bacteria helps improve the fish's digestive system so that it can increase the growth rate optimally.

3.2.5Total Bacteri Count (TBLC)

	Total bacteria is the total number of bacteria in a medium which is usually measured in Colony Forming Units (CFU), which reflects the population of living bacteria that are able to reproduce. In this study, the addition of Bacillus sp. bacteria with different doses, namely P1 (control), P2 (0.5 ml/L), P3 (1 ml/L), P4 (1.5 ml/L), and P5 (2 ml/L). The total bacteria value produced showed a significant difference with the lowest number in P1 (549,667 CFU) and the highest in P5 (1,294,000 CFU).The lower total bacterial value in P1 (control) occurred because there was no addition of bacteria. In contrast, higher doses in P2 to P5 increased the total number of bacteria gradually, in P5 showing the highest total bacterial value because the concentration of Bacillus sp. given was the largest. Bacillus sp. has the ability to produce enzymes that degrade organic matter and can be used as an alternative to controlling fish diseases. Sookchaiyaporn (2020) stated that probiotics are currently used as an alternative biological method for disease control and also to improve the growth of farmed fish worldwide. Several probiotic bacteria have been identified that have positive effects on fish health. However, the growth of these bacteria is also influenced by environmental factors, such as the availability of nutrients, oxygen, temperature, and pH of the media. In line with Fitria's statement (2019) which states that in addition to nutrition, the growth rate and activity of bacteria are also influenced by various other factors, such as pH, temperature, osmotic pressure, and other environmental factors.

3.2.6 Survival Rate

The survival rate of tilapia is the percentage of the number of tilapia that still survives from the total population during the maintenance period. Based on the graph in Figure 10, the survival rate obtained ranges from 70.2%-84.2%. In Muhsoni's (2021) study on the survival rate of tilapia measuring 3-4 cm, it showed that a good survival value ranges from 73.5% -86.0%.
The low survival rate in P1 (70.2%) was caused by the high levels of ammonia obtained and exceeded the optimal limit of ammonia in the tilapia maintenance medium. Rusdi (2022) explained that the level of ammonia that can be tolerated by tilapia is <1 mg/l. In addition, in P1, the probiotic Bacillus sp. was not added, which functions to decompose organic materials, such as leftover feed, feces, and toxic compounds (ammonia, nitrite, and nitrate). In line with the opinion of Panggabean et al. (2016) which states that Bacillus sp. can help decompose organic waste in the aquatic environment, thereby improving water quality. Wilisetyadi et al. (2022) also stated that the administration of probiotics can increase the survival rate of cultivated biota, reduce environmental impacts due to the accumulation of aquatic waste, and strengthen the immune system of organisms against pathogen attacks.
The treatment given by Bacillus sp. resulted in a high survival rate. The survival rate value in P4 was classified as good because of the appropriate probiotic dose. Bacillus sp. acts as a probiotic that can reduce the content of toxic compounds in water and increase the immunity of tilapia. In addition, Bacillus sp. also helps decompose organic matter in water, which can reduce ammonia levels, one of the substances that can damage water quality and stress fish. Thus, Bacillus sp. helps maintain environmental conditions that are suitable for tilapia, so that it can increase its survival. In line with Fahrizal (2017) that the addition of Bacillus sp. to tilapia results in a higher survival rate compared to the control treatment.

4. CONCLUSION

      The conclusions of the research that has been conducted are as follows:
1. The addition of Bacillus sp. has an effect on the value of water quality parameters (pH, DO, ammonia, TAN), growth values ​​(absolute length, absolute weight and specific weight growth rate), total bacteria and the survival of tilapia.
2. The optimum treatment was at a dose of 1.5 ml/l, which produced growth values ​​(absolute length of 4.15 cm, absolute weight of 3.49 gr, SGR of 3.24%/day) and survival of 84.2%.
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