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Tiny bubbles - big impact

What is nanobubble? Q How do nanobubbles mitigate
AMR in aquaculture?

How are nanobubble Q%
oroduced? Final remarks & perspectives
O



What is nanobubble?
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How are nanobubbles produced?
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How do nanobubbles mitigate AMR in aquaculture?

After NB-O, treatment

Before NB-O; treatment

Ozone nanobubbles — synergistic effect

Improve fish immunity :
» Enhance innate immunity (2-4 fold) ‘ Susceplible
Improve survivability during Host
bacterial infection (i.e. 35-40%)
Improve efficacy of vaccine
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How do nanobubbles mitigate AMR in aquaculture?

Oxygen nanobubbles

» Improve phage uptake and efficacy of phage therapy (see Dien et al., 2021)
» Enhance antigen uptake, antibody response, and efficacy of immersion in
Asian seabass (Lan et al., 2024)

Whole cell inactivated vaccine
(negative surface charge)

G6. (ONB + CS) + Vac Fish gills
(positive surface charge) (negative surface charge)

Q Negative surface charge . Oxygen hancbubble (ONB)
C) Vaccine (Vac)
0 Positive surface charge === Chitosan (CS)

The introduction of oxygen nanobubbles and chitosan converted the Zeta potential of the
vaccine from negative to positive, making it adhere more effectively to the gills
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Final Remarks & Perspectives

* The use of nanobubbles has become more common in aquaculture

* There is an increasing number of companies offering nanobubble devices specifically
designed for aquaculture at lower prices (e.g. Chucaotec and Moleaer)

 Nanobubble technology, incorporated with solar cells, may replace common aeration
practices in intensive aquaculture farms within the next five years

 Nanobubble technology may transform health management practices in aquaculture
towards reducing antibiotics, such as enhancing fish immunity, reducing harmful
pathogens in water, improving vaccination, and implementing phage therapy
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