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Abstract 
 

      The implementation of fine bubble diffuser technology is 

designed to enhance dissolved oxygen levels, addressing a 

common challenge in fish farming where high stocking 

densities can compromise water quality. This technology is 

anticipated to improve water quality, increase productivity, and 

boost profitability. This study aims to evaluate aquaculture 

management practices, productivity, and financial performance 

in red tilapia farming using paddlewheels and fine bubble 

aeration diffusers. A mixed-methods approach, incorporating 

both quantitative and qualitative analyses, is employed. The 

research is conducted at a freshwater fish farming facility in 

Boyolali Regency, Central Java, which utilizes intensive 

farming methods for tilapia. The introduction of the fine bubble 

diffuser has allowed for an increase in stocking density from 20 

fish/m² to 100-150 fish/m². Despite the increased stocking 

density, the water quality in ponds equipped with the diffuser 

remained stable, with higher dissolved oxygen (DO) levels 

compared to ponds without the diffuser, which had lower 

densities. Ponds with the fine bubble diffuser demonstrated an 

eight-fold increase in productivity. Financial analysis revealed 

that these ponds generated seven times higher income, achieved 

faster return on investment, and had a lower break-even point 

(BEP), indicating greater profitability for farmers.  

 

Keywords: Dissolved Oxygen, Economic Feasibility, 

Increased Income, Intensive Cultivation] 

Introduction  
 

Research Background 

 

      Tilapia is the most widely cultivated freshwater fish 

globally, with evidence suggesting that it was cultivated long 

before carp. Since the mid-20th century, tilapia farming has 

expanded widely in tropical and subtropical regions. In 

Indonesia, tilapia ranks among the leading freshwater 

aquaculture commodities, with an annual production of 2–3 

million tonnes (MMAF, 2020). As of 2022, Indonesia held the 

third-highest aquaculture production in Asia (FAO, 2016). 

 

      Tilapia offers several advantages as an aquaculture species, 

including genetic diversity, rapid growth rates, high meat yield, 

resilience to diverse environmental conditions, disease 

resistance, and low mortality rates. These characteristics have 

accelerated the commercialization and industrialization of 

tilapia farming. To further enhance productivity, efforts have 

focused on improving cultivation systems, particularly through 

intensive farming methods and high stocking densities. 

 

      High stocking density systems, however, present challenges 

such as organic matter accumulation due to residual feed and 

fish waste. This accumulation reduces water quality, adversely 

affecting the growth and survival of tilapia during the rearing 

period. One of the primary water quality concerns in high-

density systems is maintaining adequate levels of dissolved 
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oxygen (DO), which is a critical indicator of water quality. 

Technologies such as paddlewheels and aeration diffusers have 

been introduced to increase dissolved oxygen levels in these 

systems. Fine bubble diffusers, which utilize microbubble 

technology, improve oxygen transfer by creating a larger 

surface area for air-water contact. According to Batara et al. 

(2017), the microbubbles emitted by diffusers enhance water 

turbulence, facilitating better oxygen distribution throughout 

the medium. 

 

      Microbubbles offer unique advantages over conventional 

aeration methods, as their smaller diameter allows them to 

remain suspended in water longer, spreading oxygen more 

evenly. This horizontal distribution maximizes oxygen 

availability within the rearing environment (Tsuge, 2014; Lee 

et al., 2019) Yamada et al, 2005). Research by Wen et al. (2011) 

demonstrated that microbubble technology could reduce 

ammonia content in water by up to 95%. In addition to 

supporting aquaculture species, dissolved oxygen is vital for 

microorganisms, which rely on it to break down organic matter 

and toxic compounds such as hydrogen sulphide, nitrite, and 

other harmful organics  (Wu et al., 1994;.Prasad et al., 2014; 

Boyd, 2015; Niu et al., 2016) The implementation of 

paddlewheels and fine bubble diffusers therefore serves a dual 

purpose: improving water quality and supporting optimal tilapia 

productivity. 

 

      This increase in productivity is anticipated to correlate with 

higher farmer income. As noted by El-Sayed (2013), intensive 

tilapia farming—characterized by high stocking densities, the 

use of formulated feed, and technological interventions such as 

paddlewheels and diffusers—tends to be more profitable than 

traditional farming methods. Furthermore, the application of 

nanobubbles in plants, freshwater and seawater fish, and mice 

shows promising potential (Ebina et al., 2013). However, the 

use of paddlewheels and diffusers presents certain challenges, 

including higher electricity consumption (Pramleonita et al., 

2018) and difficulties in controlling food intake (Ebina et al., 

2013), which in turn increase operational costsWhile few 

studies have explored the potential of fine bubbles in 

aquaculture, Heriyani et al. (2022) found that microbubbles 

helped maintain dissolved oxygen (DO) levels of nearly 5 mg/L 

over a 50-day experiment, resulting in higher tilapia biomass. 

However, intensive farming systems with higher stocking 

densities necessitate adjustments in farming practices, higher 

initial investments, and increased operational costs. In addition, 

Yaparatne et al. (2024) highlight the limited comparative 

analysis of nanobubble applications in fish and shrimp farming, 

stressing the need for studies that confirm the benefits of 

nanobubbles over traditional aquaculture methods. 

 

      For example, intensive vannamei shrimp farming with a 

stocking density of 400 shrimp/m² and the addition of 

nanobubble technology achieved a survival rate of 92%, 

compared to 75% without nanobubble use (Mauladani et al., 

2020). The total biomass yield in nanobubble-supported ponds 

reached 2,255 kg, and the financial analysis showed a B/C 

(Benefit/Cost) ratio of 1.26, similar to systems with lower 

stocking densities (Aras et al., 2023). This suggests that 

nanobubble technology positively impacts production 

sustainability in high-density shrimp farming. 

 

      A comprehensive study on aquaculture technologies, such 

as paddlewheels and fine bubble diffusers, is therefore essential 

to assess their effects on technical management, productivity, 

and financial outcomes in tilapia farming. An integrated 

approach will provide valuable insights and support decision-

making processes for tilapia farmers considering business 

expansion and technological adoption. However, this study is 

preliminary and highlights the need for further research to 

explore the full potential of nanobubble technology in tilapia 

farming. Future studies should focus on a deeper understanding 

of its effects and the optimal conditions for its application in 

aquaculture systems. 

 

Scientific Approach 

 

      This research employed a case study approach within a 

specified timeframe and location. It was conducted at a 

freshwater fish farming company in Boyolali Regency, Central 

Java, focusing on red tilapia growth. Data collection took place 

during the rearing season from January 2021 to October 2022. 

 

      The study focused on assessing productivity increases in 

aquaculture ponds using an intensive cultivation system, 

specifically through the application of paddlewheels and 

aeration diffusers. These technologies influenced cultivation 

techniques, water quality, fish biomass, investment 

requirements, operating costs, and overall profitability. The 

theoretical framework guiding this study is outlined in Fig. 1. 
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Figure 1: Framework Research 

 

Method 

 

      The case study methods employed included direct 

observation, participatory observation, interviews, 

documentation, and analysis of physical artifacts. Both direct 

and participatory observations were used to gather insights on 

site-specific situations and events that were not fully 

understood beforehand. Interviews enabled interaction with key 

stakeholders and provided a field-based perspective on 

implementation processes. 

 

      Three concrete ponds with soil or compacted soil bottoms 

were used for observation. Each pond measured 20 x 4 x 1.2 

meters, with water levels maintained between 90–100 cm 

during the rearing period. Water for rearing was sourced from 

a nearby spring approximately 250 meters from the site, with 

an artesian well serving as a backup during the dry season. The 

ponds were designed with a flow-through irrigation system, in 

which water from the spring enters a main reservoir before 

flowing into the rearing ponds via an inlet. The inlet is 

positioned higher than the outlet to facilitate efficient water 

inflow and outflow, and the layout maximizes the flow from the 

reservoir to the rearing tanks. 

 
 

Figure 2: Layout of The Paadhelwheel and Fine Bubble Diffuser in Cultivation Pond 

 

      Installation of the paddlewheels and diffusers was 

performed once the water level reached 70 cm. Each pond was 

equipped with one to two 1-horsepower paddlewheels and ten 

fine diffusers (Figure 2). Paddlewheels were positioned 

obliquely toward the outlet to encourage water circulation 

throughout the pond and assist in waste removal through the 
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outlet. Rahmawati et al. (2021) noted that fine diffusers produce 

smaller-diameter bubbles than conventional aeration systems, 

thereby enhancing oxygen dispersion. 

 

      The diffuser was attached to a PVC pipe and weighted to 

prevent flotation during operation. The Fine Bubble Membrane 

Diffuser bubbles were generated by a Roots Blower, which 

transports air from an external source into the pond. 

 

      The grow-out process was conducted in several stages: 

container preparation, installation of paddlewheels and fine 

bubble diffusers, media preparation, seed stocking, feed 

management, water quality monitoring, growth monitoring, 

pest and disease control, and finally, harvesting and marketing 

(Table 1). 

 

Table 1: Red Tilapia Cultivation Stages 

 

No Stages Methode 

1. Preparation of cultivation ponds a. The pool is cleaned by spraying it with water and dried for 1-

2 days 

b. Liming uses CaMg (CO3)2 dolomite lime at a dose of 50 

g/m2. 

c. The lime that has been mixed with the soil throughout the 

pond is left for 1 day 

2. Media preparation a.  After liming, the pool is filled with water and circulated 

b. The pool is filled with water as high as 70 cm 

c. Providing moss seeds as initial natural food for fish seed 

3. Installation of water wheel and 

fine diffuser 

 

Installation of a 1 HP water wheel and fine diffuser at 10 points (Figure 

3) 

 

4.  Spreading of fry 

 

a. Fry selection: fry aged 90 days, size 8-10 cm, weighing 20-

25 g/head, and observing the morphology and movement of the seeds 

b. Stocking density is between 100-150 individuals/m2 

c. The acclimatization process was carried out for 10 minutes 

5. Feeding a. Feeding is done using the at satiation method with a 

frequency of feeding 3-5 times per day 

b. The feed used is artificial floating feed of grower type (size 2 

mm) and finisher (size 3 mm) 

c. Nutrient content: protein 31-33%, basic fat 5%, crude fiber 

<6%, ash <14% and water content <11%. 

d. Soaking is done before feed is given to the fish 

6.  Water quality management 

 

a. Temperature measurements are carried out every day at 05.00 WIB 

and 14.00 WIB using a thermometer 

b. pH and dissolved oxygen (DO) measurements are carried out 

every day at 05.00 WIB and 16.00 WIB using a pH meter and DO 

meter 

c. Checking for ammonia and nitrite is done once a week using 

the salifert ammonia test (The results of water quality checks during 

the maintenance period can be seen in Table 3) 

7. Growth Monitoring a.  Growth monitoring is carried out once a week by sampling 

20 fish 

b. Sampling fish were weighed and measured to determine 

ADG, ABW and biomass values 

8. Pest and disease control 

 

a. Pests found at the location are cats, crabs and shellfish. 

b. Collecting shellfish in the pond is done occasionally 

c. Treatment for sick fish is carried out by mixing fish food with 

a blended mixture of papaya leaves at a dose of 100 ppm 

9. Harvest a. Partial harvest method 5 times according to consumer 

demand and total harvest  

b. The harvesting technique is carried out by closing the inlet 

and opening the outlet until the water is reduced by 80%. After that, 

the water wheel and fine diffuser are turned off and the harvest net or 

trawl is stretched as wide as the pon 

10. Marketing a. There are two methods: direct distribution to consumers and 
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marketing to processing companies which are subsidiaries of the 

research location 

b. Packaging using clear plastic contains 1/3 water and 2/3 

oxygen so that the fish stay alive 

c. Transportation uses closed transportation 

 

Table 2 presents a comparison of red tilapia farming methods between the observed cycle and the previous cycle. 

 

Table 2. Comparative Analysis of Cultivation Methods 

 

Methods Pond with waterwheel and fine diffuser 

 

Pond without waterwheel and fine 

diffuser 

 

Preparation of cultivation 

ponds 

Installation of water wheel and fine 

diffuser 

No Installation of water wheel and fine 

diffuser 

Density 

 

100-150 ind/m2 

 

20 ind/m2 

 

Feeding 

 

 

Feeding frequency 3-5 time/day Feeding frequency 2-3 time/day 

With enrichment Without enrichment 

 Water quality 

management 

 

Parameters checked: temperature, pH, 

DO, nitrite, nitrate and ammonium. 

Water quality checks are carried out 

once a day. Parameters checked: 

temperature and DO 

 

      As shown in Table 2, several changes in the farming 

methods were implemented following the increase in stocking 

density, particularly in the stages of cultivation preparation, 

seed stocking, feeding, and water quality management. The 

most significant change in the cultivation preparation stage was 

the introduction of paddlewheels and fine bubble diffusers. 

 

Data Analysis 

 

      This case study research utilizes descriptive analysis to 

provide a comprehensive description, explanation, and 

validation of observed activities. Key parameters observed 

during the study include water quality, feed management, pest 

and disease control, survival rate (SR), average body weight 

(ABW), average daily growth (ADG), feed conversion, 

productivity, biomass production, and investment costs related 

to the fine bubble diffuser. Financial indicators, including the 

R/C (Revenue/Cost) ratio, profit and loss analysis, and break-

even point (BEP), were also analyzed. 

 

Discussion  

 
Cultivation Management  

 

      The installation of paddlewheels and fine bubble diffusers 

in the observation ponds was intended to stabilize oxygen levels 

throughout the rearing period. With the increase in stocking 

density to 150 fish/m², feed usage escalated to 3–5 feedings per 

day, compared to ponds with a stocking density of 20 fish/m². 

This higher feed usage, while necessary for maintaining fish 

growth, also contributes to the accumulation of uneaten feed 

and organic waste, which can lead to a decline in oxygen levels 

and an increase in toxic substances within the rearing medium. 

 

      Economically, the increased feed usage results in higher 

operational costs, potentially reducing overall profitability. The 

feed used during the rearing period was industrially produced, 

offering good nutritional quality but at a relatively high cost. 

This creates challenges for calculating the effectiveness of 

production costs, which in turn influences the financial analysis 

of the business (Bhujel, 2013). The financial implications of 

these changes will be further discussed in the next section. 

 

      The higher stocking density also limits the space available 

for the fish to move, potentially inhibiting their growth and 

well-being. Additionally, increased competition for oxygen is a 

critical factor to address when considering the effects of higher 

stocking densities in ponds. 

 

      Fine bubble technology has been proven effective in 

supporting increased aquaculture production by enabling higher 

stocking densities (Chirwa et al., 2024). However, elevated 

stocking densities in tilapia farming can degrade water quality, 

which adversely affects growth and survival rates (Pardiansyah 

et al., 2018; Arzad et al., 2019). Moreover, microbubbles can 

help mitigate ammonia levels in the culture medium (Scabra et 

al., 2022). 

 

      Therefore, the installation of paddlewheels is crucial for 

increasing the air-water contact area, particularly for enhancing 

surface oxygen transfer. In contrast, fine bubble diffusers 

produce smaller air bubbles that are more effectively dispersed 

throughout the water column, thereby improving oxygenation 

in the rearing medium. 

 

      As noted by Iskandar & Elrifadah (2015) water quality is a 

vital factor influencing both growth and survival rates in tilapia. 

The implementation of paddlewheels and fine diffusers in high-
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density ponds aims to maintain optimal water quality, ensuring 

it meets the physiological needs of tilapia throughout the 

rearing period. Similar studies have demonstrated that the use 

of microbubbles in other fish species, such as catfish, also helps 

maintain water quality within the appropriate range, thereby 

improving growth and survival rates when compared to ponds 

without microbubbles (Setyono et al., 2023). 

 

Table 3 presents the results of the water quality measurements 

in the observation pond.

 

 

Table 3. Water Quality During Maintenance 

 

Parameter Pond with waterwheel and 

fine diffuser 

Pond without waterwheel 

and fine diffuser 

Reference 

Temperature (oC) 23,8-28,8 26-30  (Cavalcante et al, 2014) 

pH 6,7-7,5 6,7-7,2 (Yanuar, 2017) 

Dissolve Oxygen (mg/l) >6,2 > 3 - 5,25 (Ashari et al., 2014), 

(Cavalcante et al 2014) 

Ammonia (ppm) 0,5 1,0  (Parades-Trujillo et al, 2022) 

Nitrite (mg/l) 0,05-0,2 >5 (Kusmini et al., 2014) 

Nitrate (mg/l) 25-50 ≤100  (Caldini et al, 2015) 

 

 

 
 

Figure 3: Dissolve Oksigen in Nile Tilapia Cultivation 

 

      The data presented in Table 3 indicate that, during the 

rearing period, the water quality in the observation ponds 

remained within the optimal range and was superior to that in 

ponds without the use of fine bubble diffusers. 

 

      A comparison of water quality in ponds using fine bubble 

diffusers with that in ponds not employing this technology 

reveals that, although ammonia levels were slightly higher in 
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the ponds with diffusers, nitrate and nitrite concentrations were 

significantly lower. This outcome suggests that the presence of 

oxygen in the water facilitated the denitrification process, 

which helps convert ammonia into nitrite and nitrate 

(Pujihastuti, 2011; Wu et al., 1994). These findings support the 

notion that fine bubble diffuser technology can enhance water 

quality in aquaculture systems. 

 

      Moreover, the data in Table 3 show that dissolved oxygen 

(DO) levels in ponds equipped with fine bubble diffusers were 

consistently higher compared to those without the technology. 

DO measurements were conducted both in the morning, during 

the critical oxygen demand period, and in the afternoon, after 

phytoplankton photosynthesis had occurred. The DO levels 

measured in the morning were not significantly different from 

those in the afternoon, indicating that the combination of 

paddlewheels and fine bubble diffusers effectively stabilized 

oxygen levels throughout the day. Furthermore, daily DO 

monitoring during the rearing period, as depicted in Figure 4, 

showed stable oxygen levels throughout the observation period. 

 

      Dissolved oxygen (DO) measurements were taken daily 

using a DO meter, with values ranging from 4.3 to 5.9 mg/L 

(Figure 3). This range aligns with findings from previous 

studies indicating higher dissolved oxygen levels in ponds 

utilizing microbubble technology compared to those using 

conventional blowers (Rizky et al., 2022). The increase in 

dissolved oxygen is further enhanced by the application of 

circulation, which promotes the generation of microbubbles 

(Tekile et al., 2016) 

 

      Throughout the rearing period, dissolved oxygen levels in 

the rearing medium remained within the optimal range for 

tilapia. However, a slight decrease in DO levels was observed 

by week 13, likely due to the increasing age and size of the 

tilapia, which require more oxygen. With higher stocking 

densities, maintaining an adequate oxygen supply becomes 

crucial for tilapia survival. 

 

      In addition to improving DO levels, the use of fine bubble 

technology can also reduce the need for fertilizers in fish 

farming systems (Chirwa et al., 2024). Intensive farming 

systems with high stocking densities often result in the 

accumulation of drug residues in both fish feed and pond 

sediments, as well as antibiotic resistance genes in the pond 

environment, indicating moderate to high ecological risks 

(Zhou et al., 2020; M. Zhou et al., 2022; Wang et al., 2021). 

These findings underscore the ecological challenges associated 

with intensive aquaculture. However, the use of fine bubble 

technology can mitigate these risks by reducing drug residues, 

offering a more sustainable solution for aquaculture. 

Microbubbles, in particular, have demonstrated significant 

potential for large-scale applications in water and wastewater 

treatment (Kaushik & Chel, 2014). 

 

      Water quality is a critical factor in tilapia aquaculture, as 

optimal conditions help prevent stress, which can make fish 

more susceptible to disease (Abd El-Hack et al., 2022; Mramba 

& Kahindi, 2023). The integration of paddlewheels and fine 

bubble diffusers in intensive tilapia aquaculture systems 

represents an effective strategy for maintaining water quality, 

thereby providing a conducive environment for the growth and 

development of tilapia throughout the rearing period. 

 

Productivity 

 
The cultivation performance indicators observed during the 

study are summarized in Table 4 below. 

 

Table 4. Production Performance 

 

Parameter Pond without 

waterwheel and fine 

diffuser 

Pond with waterwheel and fine diffuser 

Pond 10 Pond 11 Pond 12 

Stocking amount (ind) 2.000 10.000 15.000 15.000 

Pond wide (m2) 96 96 96 96 

Stocking density (ind/m2) 20 105 157 157 

Stock size (ind/kg) 200 250 225 220 

Harvest size (ind/kg) 4 4-5 5-6 5-6 

Biomass (kg) 250 1.950 1.800 1.480 

Food Conversion Ratio 

(FCR) 

2,1 0,8 1,0 1,5 

Survival Rate (SR) (%) 50 85 69 65 

ADG (gram/day) 0,1-3 0,03-3,81 0,1-3,31 0,01-3,3 

ABW (gram/ind) 20,10-250 22,05-250 20,15-228,25 19,95-222,75 

Productivity (kg/ m2) 2,6  20,31 18,75 15,42 

 

      Based on the data presented in Table 4, a significant difference in production performance was observed between the ponds that 

used a fine bubble diffuser and those that did not. One notable difference was in the stocking density, where the observation pond with 

a fine bubble diffuser supported a 4-6 times higher stocking density compared to the pond without the diffuser. 
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      The production performance in the observation pond was 

markedly higher than that in the pond without a fine bubble 

diffuser. Ponds with fine bubble diffusers demonstrated 

improved productivity, survival rate (SR), feed conversion ratio 

(FCR), and biomass. Among the three observation ponds, Pond 

10 exhibited the highest productivity (20.31 kg/m²), the highest 

biomass (1,950 kg), the best FCR (0.8), and the highest SR 

(85%).  

 

      The observed increase in production performance in the 

observation ponds suggests that the higher stocking density did 

not induce stress in the fish. Firman et al. (2019) support this 

finding, indicating that the use of microbubbles in tilapia 

rearing, even at varying stocking densities, did not lead to 

abnormal blood glucose levels, a known indicator of stress in 

fish. According to Thomas et al. (2020), microbubbles can 

increase oxygen levels 25 to 44 times more effectively than 

macrobubbles. The prolonged presence of oxygen in the water 

reduces oxygen consumption during the breakdown of organic 

matter, thereby stabilizing water quality and improving the 

overall health and productivity of aquatic organisms. 

 

      The stable water quality throughout the rearing period 

further demonstrates that the increase in stocking density in the 

observation pond, particularly in terms of oxygen availability, 

was effectively managed. Insufficient oxygen in rearing 

environments can lead to reduced appetite and stunted growth 

as a stress response in fish (Monier et al., 2019). In the 

Litopenaeus vannamei, the final weight directly realated to 

duration of cultivation and dissolve oxygen, and inveresely 

related with density (Ruiz-Velazco, 2010).  

 

      When comparing the three observation ponds, Pond 10 

exhibited the highest average weight gain, likely due to its 

relatively lower stocking density compared to the other two 

ponds (Fig. 3). Lower stocking density allows for more efficient 

growth, as it provides fish with greater space to move freely and 

access feed, thus enhancing feed consumption and promoting 

better weight gain. 

 

 
 

Figure 4: Average Body Weight 

 

      The daily growth data indicates a consistent increase in the 

Average Daily Growth (ADG) values (Figure 5). However, 

between Days of Culture (DOC) 15 and 44, a period of slow 

growth was observed, likely due to high-intensity rainfall, 

which negatively impacted water quality and reduced the fish's 

appetite. 

      The average daily growth of Red Tilapia in Pond 10 ranged 

from 1.26 to 3.85 grams per day, which was higher compared 

to Pond 11, where ADG ranged from 0.92 to 3.53 grams per 

day, and Pond 12, which exhibited the lowest ADG values, 

ranging from 0.68 to 3.4 grams per day. 
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Figure 5: Average Daily Growth 

 

      In addition to monitoring growth and body weight gain, the 

low survival rates (SR) observed in Pond 11 and Pond 12 were 

attributed to fish mortality resulting from a disease outbreak. 

The affected fish exhibited symptoms such as protruding eyes, 

discoloration and peeling of dorsal fins, and an accelerated 

operculum opening compared to healthy fish. These symptoms 

led to impaired swimming ability and a weakened feeding 

response. Based on visual observations, the disease was 

suspected to be caused by Streptococcus sp. bacteria, 

commonly known as streptococcosis (Maulu et al., 2021; 

Debnath et al., 2023). 

 

Financial Analysis  
The application of the fine bubble diffuser technology in red 

tilapia aquaculture is anticipated to enhance business income 

and profitability. The following table will provide a financial 

analysis comparison between the red tilapia enlargement 

business that utilizes the fine bubble diffuser and one that does 

not. 

 

Table 5. Financial Performance 

 

Parameter Pond without waterwheel and fine 

diffuser 

Pond with waterwheel and fine 

diffuser 

Investment (Rp) 213.475.000 213.475.000 

Total Cost (Rp/year) 87.000.000 427.850.000 

Biomass (kg) 3.000 20.920 

Shrimp Prices (Rp/kg) 30.000 30.000 

Revenue (Rp) 90.000.000 627.600.000 

Profit (Rp) 3.000.000 199.750.000 

R/C rasio 4,88 7,57 

ROI 0,42 2,94 

NPV 5.110.714 38.905.000 

BEP units (kg) 13.200 1.382 

BEP price (Rp/kg) 33.400 21.083 

 

      Based on the data presented in Table 5, it is evident that the 

income generated from the ponds utilizing the Fine Bubble 

Diffuser is significantly higher than that of the ponds without 

this technology. The increased income in the ponds equipped 

with the Fine Bubble Diffuser is attributed to improvements in 

survival rate (SR), harvest biomass, feed conversion ratio 

(FCR), and overall pond productivity (as shown in Table 4). 

Red tilapia farming with the Fine Bubble Diffuser resulted in a 

harvest biomass that was seven times greater than that from the 

ponds without the technology. 

 

      While the increased costs due to higher stocking density, 

additional feed, electricity, and the purchase of the waterwheel 

and Fine Bubble Diffuser did lead to a rise in operational 

1.26 1.54
1.97

3.4
3.81

0.03

0.92

1.76
1.95

2.98
3.31

0.1

0.68

1.82
1.92

2.96

0.1

0.01

15 29 44 57 71 85

A
D

G
 (

gr
/i

n
d

)

Day of Culture (DOC)

Pond 10 Pond 11 Pond 12



 

10 | Journal of Aquaculture, Marine Biology & Ecology, Volume 2024, Issue 02 

 

Copyright: © 

2024 Fitriska Hapsari* 

 

Comparative Study of Paddlewheels and Fine Bubble Diffuser Aeration Systems in Red 

Tilapia Aquaculture: Impacts on Management, Productivity, And Financial 

Performance 

expenses, the substantial increase in harvest biomass more than 

compensated for these costs. As a result, the total profit 

amounted to Rp 199,750,000 per year or Rp 49,937,500 per 

cycle. 

 

      Total costs, which include the expenses for fish fry and 

feed, accounted for a significant portion of the production 

expenditure. Feed costs represented 50% of the total cost for 

each cycle. Although the increase in feed expenses affects 

profitability, the higher biomass yield more than offsets this 

cost, leading to a significant increase in revenue. Feed 

efficiency or feed conversion ratio is a key factor to profitability 

of Nile Tilapia (Omasaki et al, 2017). 

 

      The second-largest cost component after feed is the cost of 

purchasing seed. During the rearing period, male tilapia fry 

were used, as they exhibit a faster growth rate compared to 

female tilapia when raised monosexually (Khan et al., 2014). 

The fry used measured 8-10 cm in length, weighed 20-25 grams 

each, and were 90 days old. The price of the fry ranged from Rp 

500 to Rp 520 per fish, and seed costs accounted for 23% of the 

total production costs. 

       

      The following figure presents the percentage distribution of 

cost utilization during the rearing period: 

 

 
 

Figure 6:  Percentage of Operational Costs for Red Tilapia Cultivation 

 

      The financial analysis of the observed ponds revealed that 

both the R/C ratio and ROI were significantly higher in ponds 

utilizing a pinwheel and fine bubble diffuser compared to those 

without these technologies. This indicates that increasing 

stocking density while employing a pinwheel and fine bubble 

diffuser results in higher profitability. Nonetheless, tilapia 

farming with a stocking density of 20 fish/m² remains a 

profitable venture for farmers. 

 

Conclusion 
 

      Increasing stocking density in tilapia aquaculture has been 

found to enhance productivity and profitability. However, these 

benefits are most pronounced when high stocking densities are 

paired with optimized management practices. Key factors 

include the use of paddlewheels and fine bubble diffusers to 

maintain sufficient oxygen levels, effective feed management, 

regular water quality monitoring, and measures to prevent fish 

pests and diseases. Ensuring proper water quality throughout 

the rearing period is critical for the growth and health of the 

fish. Paddlewheels and fine bubble diffusers help not only to 

maintain oxygen levels but also to reduce nitrate and nitrite 

concentrations in the water. Given that this is a preliminary 

analysis, there is considerable potential for future research to 

statistically investigate the relationship between these 

management practices and aquaculture performance. 
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