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Abstract [ Objective] With the public’s pursuit of a higher quality of life, the function of household tap water has expanded from
simple drinking to diversified cleaning scenes. In response to the risks of residue and environmental pollution posed by traditional
chemical cleaning agents, the development of efficient physical cleaning technology based on water medium has become a key to
realizing the functional extension of "healthy tap water". This paper aims to develop a non-thermal physical cleaning technology based

on the synergy of nanobubbles and aeration, by enhancing mass transfer efficiency, to improve the removal efficiency of foodborne risk
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factors (taking purines as an example) in food by household tap water, providing a scientific basis for the construction of a green and
efficient household cleaning solution. [ Methods ]  Nanobubble water was prepared by the pressurized dissolution-depressurization
release method. Using chicken as the model matrix, the key parameters of the nanobubble and aeration synergy process ( release
pressure, soaking and aeration time ratio, aeration volume) were systematically optimized through single-factor and L,;(4’) orthogonal
experiments. The total purine and its components in food before and after treatment were quantitatively analyzed by high-performance
liquid chromatography ( HPLC) , and the synergistic mechanism of this technology in changing the microstructure of food and enhancing
the mass transfer of pollutants was deeply analyzed by combining scanning electron microscopy (SEM) and dissolution kinetics models.

[ Results ]

treatment effect was better than that of nanobubble soaking alone and conventional tap water treatment. Under the optimal process

There was a significant synergistic enhancement effect between nanobubbles and aeration in cleaning process, and its
conditions (release pressure was 2 kg/em’, soaking; aeration time ratio was 3 min : 9 min, aeration volume was 42%) , the total
purine removal rate of chicken reached 31.01% , which was 12 times that of tap water soaking (2.57%). This process had good
universality and showed significant cleaning effects (>25% ) on various foods such as pork tenderloin ( removal rate was 35.74%) ,
beef, and yellow croaker, but the removal rate was relatively low (<16.24%) for sea bass and clams due to the influence of food
texture. SEM microscopic morphology observation showed that the dense muscle fiber structure on the surface of the treated chicken
transformed into a loose porous network. [ Conclusion] Mechanism analysis indicates that nanobubbles induce cavitation effects at the
solid-liquid interface to generate microcracks, while the macroscopic shear force generated by aeration further expands the crack

channels, forming a highly permeable structure. This " microscopic cavitation-macroscopic shear" synergistic mechanism significantly
reduces mass transfer resistance and accelerates the dissolution rate of target pollutants such as hypoxanthine. This technology, as a
non-thermal processing technique, avoids the loss of heat-sensitive nutrients caused by high temperatures. This paper confirms that the
nanobubble and aeration synergy technology, as a green and non-thermal physical method, can effectively enhance the cleaning medium

function of tap water, providing an innovative approach to expanding the application scenes of "healthy tap water" and reducing dietary

health risks.
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Tab.1 Orthogonal Test Design Scheme for Soaking and Washing
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Fig.2 Comparison of the Content Changes and Removal Efficiency of Purines in Chicken before and after Treatment
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Tab.3 Range Analysis of Purine Removal Results

IG5/ A/

I

G0 (kgeem™) b O xmx
A,B,C, 1 3min:9min  14% 14%
A,B,C, 1 6min:6mn  28% 8%
A,B,C, 1 9min:3mn  42% 10%
A, B,C, 1 2min:0mn  56% 5%
A,B,C, 2 3min:9mn  28% 26%
A,B,C, 2 6min:6mn  14% 16%
A,B,C, 2 9min:3mn  56% 15%
A,B,C, 2 12min:0min  42% 8%
A,B,C, 3 3min:9min  42% 16%
A,B,C, 3 6min:6mn  56% 11%
A,B,C, 3 9min:3mn  14% 4%
A,B,C, 3 12 min: Omin  28% 0%
A,B,C, 4 3min:9min  56% 9%
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