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n the ever-evolving world of Recirculating Aquaculture Systems (RAS), maintaining 

optimal water quality is a constant challenge, especially in high-density marine or brackish 

systems like seabass or shrimp culture. Among the many tools available to manage water 

chemistry, protein skimmers — also known as foam fractionators — play a vital but often 

underestimated role. Unlike drum filters or mechanical screens that remove large visible 

particles, protein skimmers are designed to remove dissolved organic compounds (DOCs) — 

microscopic organic waste products that accumulate from uneaten feed, feces, and mucus 

secretions. These compounds, though invisible to the eye, contribute significantly to water 

discoloration, ammonia buildup, and increased bacterial load if left untreated. Skimmers 

work by harnessing the simple yet powerful chemistry of surface tension. 

Working mechanism 
The mechanism by which skimmer air bubbles capture organics is based on surface chemistry 

and a process called adsorption, which happens during foam fractionation. When millions of 

tiny air bubbles are injected into the skimmer’s water column, they create a large total surface 

area. Organic compounds in the water — such as proteins, lipids, and other dissolved 

organics — are hydrophobic, meaning they tend to avoid water and prefer to attach to air or 

other non-polar surfaces. As the bubbles rise through the water, these hydrophobic organic 

molecules are attracted to and cling to the surface of the bubbles. 

 As more organics stick to the bubble surfaces, they are carried upwards by the rising 

bubbles. Near the top of the skimmer, the bubbles become densely packed and begin to 

collapse, forming a thick foam that contains the concentrated organic waste. This foam is 

then collected in the skimmer cup and removed from the system. The finer and more uniform 

the bubbles, the better the contact with water, and the more effective the skimmer is at 

removing dissolved organic compounds before they break down into harmful substances like 

ammonia. 

 The mechanism behind protein skimming is based on foam fractionation, a process 

where a column of water is infused with millions of tiny air bubbles, either through venturi 

injectors, air stones, or needle-wheel impellers. As these air bubbles rise through the water 

column, hydrophobic (non-water-loving) organic molecules adhere to their surfaces. At the 

top of the skimmer, the bubbles collapse into a foam which is then collected in a waste cup or 

chamber. This foam contains concentrated organic waste that is physically removed from the 

system before it breaks down into harmful metabolites like ammonia and nitrite. The smaller 

and more numerous the bubbles, the more efficient the skimming — which is why high-
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efficiency skimmers use techniques like recirculating contact chambers and ozone-enhanced 

bubble production. 

 

Positioning of PS and Maintenance 
In terms of system design, protein skimmers should always be placed after mechanical 

filtration (such as drum or screen filters), to prevent clogging by large solids. Ideally, they 

operate on water that has already passed through a sump or sedimentation zone and can be 

gravity-fed or installed on a side-loop depending on the system layout. Skimmers should be 

installed before biological filtration or oxygen cones, ensuring that only clarified water enters 

the biofilter and that pumps do not emulsify solids before skimming. In systems with 

degassers, the skimmer can work in parallel or immediately afterward. Since skimmers do not 

handle large solids well, their effectiveness depends heavily on proper pretreatment and clean 

operating conditions. 

 Routine maintenance is key to keeping a protein skimmer operating effectively. The 

foam collection cup should be cleaned daily or as soon as it fills to avoid overflow. Weekly 

checks of the air injection system whether it’s a venturi, airline, or impeller are necessary to 

clear blockages caused by salt buildup or biofilm. It’s also important to monitor the water 

level in the skimmer body and the consistency of the foam; Dry foam in a protein skimmer is 

generally a good sign, as it indicates efficient removal of concentrated organic waste from the 

water. Dry foam appears thick, dark, and sticky, and it rises slowly into the collection cup 

with minimal water content. This means the skimmer is effectively separating dissolved 

organic compounds (DOCs) like proteins and fats without removing too much system water, 

which helps maintain stable salinity and volume. Producing dry foam suggests the air-to-

water ratio, skimmer height, and bubble contact time are properly balanced. However, if the 

foam is too dry and doesn't rise into the cup, it may mean the skimmer is underperforming, 

possibly due to a low DOC load, oversized skimmer, or water level being too low inside the 

unit. In contrast, wet foam often occurs after feeding or water changes and can result in 

excessive water loss. Therefore, consistently producing moderately dry foam is a strong 

indicator that your protein skimmer is working efficiently and maintaining good water quality 

in your RAS system. Some advanced systems include automated cup rinsing and waste 

flushing systems for low-labor operation. 

Pros and Cons of Skimmer in RAS 
The advantages of protein skimmers in RAS are substantial. They significantly reduce 

dissolved organic loads, lighten the load on biofilters, improve water clarity, and reduce odor. 

By removing organics early, they limit the downstream buildup of ammonia, reduce the need 

for frequent water exchanges, and even help control foam and oil slicks on the water surface. 

Skimmers are also highly effective in systems with high protein feeds and carnivorous fish 

like seabass.  
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However, they come with some disadvantages. They are less effective in freshwater (due to 

lower surface tension), require regular cleaning, and can remove beneficial trace minerals 

along with waste. They are also relatively expensive to install and operate, particularly at 

large flowrates, and add complexity to the system. 

Conclusion 
In conclusion, protein skimmers are a critical part of marine and brackish RAS systems, 

especially in high-density operations. While they are not a standalone solution, when properly 

sized, installed, and maintained, skimmers offer a powerful way to physically remove waste 

before it can impact water quality and fish health. For any serious RAS farm dealing with 

marine species, a well-tuned protein skimmer is not just helpful — it’s essential. 
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