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mammialian cell culture systems where aeration, agitation, and surface-active components
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processes where antifoam agents interfere with downstream operations, such as

chromatography or filtration. Improved bioreactor design, including optimized impeller

geometry and gas sparging systems, also reduces foam generation by controlling bubble

size and gas dispersion [3,4].

Chemical strategies have evolved toward more selective and process-compatible
antifoam formulations. Silicone-free and biodegradable antifoams are increasingly used
to reduce environmental impact and downstream interference. Controlled and localized
antifoam dosing, guided by real-time foam detection, minimizes overuse and preserves
mass transfer efficiency.

Digitalization has enabled intelligent foam monitoring and control. Advanced foam
sensors, including conductivity probes and optical systems, detect foam formation in real
time. These sensors can be integrated with automated control systems to trigger precise
antifoam addition or mechanical interventions only when needed. Machine learning
models are emerging as powerful tools to predict foam formation based on process
parameters such as agitation speed, gas flow rate, and media composition [5].

Despite these advances, challenges remain in balancing foam suppression with optimal
oxygen transfer and cell performance. Process-specific customization is often required,
as foam behavior varies widely across organisms and operating conditions. Validation
of advanced control systems and their impact on product quality is also critical to meet
regulatory expectations.

Conclusion

Advanced foam control strategies represent an important evolution in bioprocessing
technology. By combining improved bioreactor design, selective antifoam formulations,
real-time sensing, and automated control, these strategies reduce operational risks
while maintaining high process performance. Although challenges related to system

297 Pharm. Bioprocess. (2025) 13(6), 297-298 ISSN 2048-9145



Perspective

Maria Kowalska

integration and process variability persist,
continued innovation is improving reliability
and efficiency. As bioprocesses become
more intensified and automated, advanced
foam control will remain essential for
ensuring robust, scalable, and high-quality
biomanufacturing operations.
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