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Feed utilization and sludge properties

Fish feed ingredients:
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* Feed ingredient for improved feces quality and sludge collection
should be selected and included at levels favoring beneéficial
rheological and physicochemical properties  without
compromising nutritional value.

Downstream processing of raw material to dry ingredient

Feed extrusion in pilot (200kg/h) and lab (10kg/h) scale

Binders in feeds for improved feed and fecal collection

Analytical platforms:

* Rheological properties

* Ingredients with lower nutritional values, intended to act as binders, are

 Pellet quality analysis

added in the feeds to maintain strength during transport and feeding.

. B | - ¢ Chemical analysis
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» Chromatography

e Binders in RAS feed improve fecal collection but can lower digestibility.

Trial: Pellet quality, digestibility, and fecal collection efficiency in the
Spillbox were studied in Atlantic salmon (30 fish, & 500g) fed either a
control feed with 60% (FM) or 15% (PM) fishmeal , and in test-feeds with
2% binders added to the PM-feed.
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digestibility and
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aquaculture value chain.

Results in figure 1. A) Mass balance in feed given, feed intake and fecal collection in

Photos: Kjell J. Merok Photo: P&l Mugaas Jensen

2-week trials shows higher feed intake with alginate and higher fecal collection with
guar gum. B) Nutrient digestibility in fecal content from spillbox, stripped and

dissected compared. Lower digestibility values observed with binders, In g red ie nts se I eCti on im pa cts fe ca I q ua I ity

. . . . e Guar gum and most likely residues of guar gum in guar meal have the
Proteins in feeds for improved fecal collection . - - .
largest impact on the indigested content for efficient fecal collection.

e Protein ingredients with residues of starch or other indigested , , ,
. . . N However, relatively low fecal collection (1%-10%) was observed in the
nutrients can have properties that improves fecal stability and . . . : .. :
trials, with highest collection efficiency achieved by guar gum

collection efficiency. (12%), but at the expense of lower digestibility. Digestibility and fecal

Trial: Feed intake, digestion and fecal collection efficiency in the collection were not correlated to protein ingredients, which is
Spillbox were studied in Atlantic salmon fed a control (25% fishmeal) important knowledge for the ingredients to be utilized and explored
and test diets with 15% of either bacteria meal, guar meal, black in future feed formulations.

soldier fly larvae meal (insects), algal meal or 8% distiller's dried grains
with solubles (DDGS) in a 4-weeks trial.

Ingredients can be selected in feed formulation both for digestibility

and physicochemical properties, for a more sustainable use of feed

A) o o resources in the future.
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Results in Figure 2. A) Mass balance in feed given, feed intake and fecal collection. Improved feed digestibility appeared to be the most important factor
Significant lower feed intake of fish given diets with 15% bacterial meal and higher fecal

collection in spillbox connected to tanks with fish fed guar protein. B) Apparent for fecal load and collection efficiency in our trials. However, further

digestibility of dry matter affected by collection method, i.e. spillbox overestimate studies on ingredient selection in diets with similar digestibility, for
digestibility (particularily for guar protein feed), but significant lower digestibility of fish improved water quality and fecal collection efficiency in RAS, are
fed 15% insect meal compared to the other dietary groups similar for all collection needed.

methods.

Feeds for improved water quality in recirculating aquaculture systems (RAS)

» Feeds for fish in RAS should reduce fecal waste losses that could impact the water quality of the system:s.

Trial: Water quality measures during a 4-weeks trial in single-RAS units with Atlantic salmon fed either a
control feed with 60% (FM) or 25% (PM) fishmeal, and PM-feeds added 0.5% guar gum or 15% insects.

Results: Apparent digestibility of dry matter highest in FM feed (79%)>PM feed (75%)>Guar (73%)>Insects
(72%). Solid waste collection through the drum filter was strongly correlated with feed digestibility (R=0.95,
p<0.001), with the most being collected from the systems fed with insect meal. Although diet composition

did change particle size and settling properties in fecal waste assays, this did not result in significant
differences in turbidity or TSS in RAS.
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