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Abstract. Nanobubbles (NBs) are gas bubbles that range in size from 1 to
100 nanometers. NBs can induce gases, such as oxygen, specifically oxygen
Nanobubbles (NBsO2). NBs have been applied in various contexts involving
both plants and animals, including their use in fisheries. Dissolved oxygen
(DO) is crucial for the survival of aquatic life, and oxygen is also essential
for all living organisms, whether on land or in water. One fish species that
is commonly cultivated is the Nile Tilapia (Oreochromis niloticus) due to its
high economic value, ease of breeding, high survival rate, and rich
nutritional content, including protein and omega-3 fatty acids. The objective
of this study was to observe the water quality and survival rates of Tilapia
fish subjected to NBsOz treatment. The method was to compare NBsOz and
without NBsOz in Tilapia biofloc for three weeks. The results of the study
showed that biofloc water treated with NBsO:z was clearer, had a higher DO,
and showed a higher survival rate compared to water not treated with
NBsO2. NBsO2 can improve water quality and fish survival.
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Introduction

Nanobubbles (NBs) are gas bubbles ranging from 1 to 100 nanometers. NBs can induce
gases, such as oxygen, called NBsO,. [1] state that NBs can be stabilized when the
surrounding fluid is saturated with gas. If supersaturation occurs, bubbles easily form, and
the gas inside is in equilibrium with the dissolved gas in the liquid. Another interesting theory
is based on a numerical model, which states that the presence of hydrophobic material
adsorbed on the surface of nanobubbles can balance between incoming and outgoing mass
flows. Some important properties of NB are that it has a long time in the environment, a large
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specific area, high internal gas pressure, surface loading, and excellent stability [2, 3]. The
application of NBs to plants has begun to be implemented, aimed at overcoming problems or
used as needed. According to [4] research, NBs can accelerate orchid growth. Orchid plant
growth in stem diameter, plant height, roots, and new shoots, and the color of the leaves is
green. Additionally, NBs can stimulate the growth of plantlets and Protocorm-Like Bodies
in orchids when grown in vitro [5,6].

The application of NBs is not only in plants but also in animals, such as in fisheries.
Dissolved oxygen is essential for the survival of aquatic life. According to [7], dissolved
oxygen (DO) sustains respiration in fish. DO levels at low concentrations can degrade water
quality and interfere with fish growth. Based on [8], the use of NBsO> technology is an effort
to overcome and reduce stress from environmental conditions that do not support optimal
fish conditions.

One of the fish that is often cultivated is Nile Tilapia (Oreochromis niloticus). According
to [9], this fish has been cultivated worldwide because it has high economic value, is easy to
breed, and has a high survival rate. Recent research [10] indicates that Oreochromis niloticus
contains protein and omega-3, and is affordable. This fish has an average protein content of
18%, contains essential amino acids, and has good iron absorption. Tilapia fish has the
highest protein content compared to carp and eel. This makes Tilapia a potential food
ingredient for complementary foods. The use of NBsO» on Tilapia fish has not been widely
studied. Therefore, this study aims to evaluate the effects of oxygen nanobubbles (NBsO,)
on water quality and the survival rate of Nile Tilapia (Oreochromis niloticus) cultured in a
biofloc system.

Methods

This research was conducted in December 2024 at the Pakwali, Fish Conservation Center
in Pasuruan. NBsO, was produced using a nanogenerator in just 8 min from 15 L of water.
The NBsO; water was then added to a biofloc containing 7,500 L of water, with new additions
made every two days. Biofloc is an eco-friendly aquaculture method that establishes a self-
sustaining ecosystem within aquaculture systems. Tilapia fish were placed in a biofloc
system, with 5,000 fish in each biofloc. The biofloc system was divided into two groups: one
with NBsO; and one without NBsO,. The biofloc system was operated without mechanical
aeration, relying solely on NBsO, for oxygenation. The observed parameters were water DO
(measured using a DO meter) and fish mortality. Observations were conducted over three
weeks. Data on DO and survival rate were analyzed descriptively.

Result and Discussion

Table 1 shows the results of observations of fish without NBsO, and with NBsO»
treatment. NBsO» can improve the water quality. Water with NBsO, has a higher DO value
than water without NBsO; treatment, from weeks 1, 2, and 3. According to [11], High DO
levels in water increase fish production. Micro/nano bubbles are a technique for increasing
DO levels quickly. Smaller particle size and larger surface area increase the solubility of DO
in water. Previous research by [7] revealed thatnanobubble technology enhances the
concentration of DO in cultivation water. It can also aid in the processing of both organic and
inorganic waste in cultivation containers by providing dissolved oxygen that supports
microbes responsible for decomposing organic waste.

High DO levels affect water clarity in biofloc ponds. In biofloc ponds with the addition
of NBsO,, the water is clearer than without the addition of NBsO,. Clear water makes it easier
for sunlight to penetrate to the bottom of the biofloc. When fish are exposed to water
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containing NBsO,, the increased oxygen availability in the surrounding water is absorbed
through their gills, leading to better oxygenation within their cells.

Table 1. Parameter observed in biofloc without NBsO> and with NBsO»

(\Tviergli) Parameter Without NBsO2 With NBsO2
1 Dissolved Oxygen 6.6 ml/1 7.1 ml/1
Water Clarity more turbid clear
Temperature 27 °C 27.8 °C
Mortality 10 fish every day 5 fish every day
2 Dissolved Oxygen 5.8 ml/l 6.5 ml/l
Water Clarity more turbid clear
Temperature 29.8 °C 29°C
Mortality 10 fish every day 5 fish every day
3 Dissolved Oxygen 8.3 ml/l 8.6 ml/1
Water Clarity more turbid clear
Temperature 31°C 29 °C
Mortality 10 fish every day 5 fish every day

The normal temperature in a biofloc is 25-30°C. In all cases, it remains within this normal
range, except during the third week, when the temperature without NBsO, monitoring is
30°C, slightly exceeding the normal limit (Table 1). Temperature plays a crucial role in fish
growth, and each species has an optimal temperature range for best development. According
to [12], maintaining the optimal rearing temperature is crucial. Tilapia eggs and fry should
be reared at temperatures between 25°C and 30°C, with optimal growth occurring at
temperatures between 28°C and 30°C.

Fish mortality rates were found to be higher in biofloc without NBsO, treatment. Daily
observations revealed that there were five fish deaths in the biofloc with NBsO, treatment,
while the ponds without NBsO; treatment experienced ten fish deaths each day. In the NBsO,
treatment group, five fish died each day, resulting in a total of 105 deaths over three weeks.
In contrast, in the group without NBsO», there were 10 deaths per day, leading to a total of
210 deaths over the same three-week period, which is quite significant. This demonstrates
that NBsO; can keep fish alive more effectively than the treatment without NBsO,.

Growth of Tilapia fish with NBsO, treatment in three weeks shows an increase in size
(Figure 1). NBsO; enhances water quality, which in turn promotes the growth of fish. NBsO,
creates a more favorable environment for fish because NBsO increases the concentration of
dissolved oxygen in water. The oxygen level is important for fish metabolism and respiration,
which can directly lead to improved growth rates, weight gain, and biomass. Improve the
overall health and survival rate of fish, also from high oxygen levels. In the previous research
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[13], it was revealed that NBsO is stable for a long time in water, and its density is up to two
times higher than normal. Higher fish density results in a significant boost in productivity,
greatly benefiting the industry’s economy. Nanobubbles have antimicrobial properties that
help eliminate pathogens in water, reducing the need for antibiotics and chemicals. They also
improve water quality by oxidizing organic matter and revitalizing nutrients, while
decreasing the organic matter load in aquaculture systems. By enhancing water quality,
nanobubbles lower the frequency of water changes, leading to significant water savings.

Figure 1. Tilapia fish growth with NB20a: (a) one week, (b) two weeks, (c) three weeks. Bar note: one
box is equivalent to one millimeter (mm)

The stability of NBs is influenced by several factors, including the gases present in their
cavities, the zeta potential of the gas, and the pH of the solution. Gases with a higher zeta
potential enhance the formation of hydrogen bonds around the bubbles, thereby increasing
the stability of nanobubbles for an extended period. The zeta potential of gases is affected by
the pH level of the solution. An increase in the number of hydroxyl ions results in a higher
zeta potential, which enhances the stability and solubility of the gases. Conversely, an
increase in hydrogen ions lowers the pH of the solution, decreasing the zeta potential and
thereby affecting the stability and solubility of the gases within the solution [14].

The concentration of DO affects the time required to reach saturation equilibrium. This
is likely because a higher initial DO concentration leads to a greater number of nucleating
particles. At low DO levels, generating cavitation bubbles becomes more difficult, and the
distance between these bubbles tends to be too great, which limits bubble coalescence and
prevents them from forming smaller sizes. In contrast, at higher DO concentrations,
coalescence occurs more frequently, resulting in a greater number of bubbles that have a
better size distribution. Therefore, higher DO concentrations facilitate the generation of
numerous bubbles through repeated coalescence [15].

Conclusion

NBsO, improves water quality in biofloc systems with Tilapia. Biofloc water containing
NBsO: is clearer, has higher dissolved oxygen levels, and results in higher fish survival rates
compared to water without NBsO, treatment.
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