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Aquafeeds

Fillet quality and sensory
characteristics of Atlantic salmon fed
black soldier �y larvae meal
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In sea-cage trials, BSFL meal can be included at up to 10
percent in commercial salmon feeds, replacing plant
protein sources without a�ecting �llet water losses,
texture or color

(https://www.globalseafood.org)
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Atlantic salmon (Salmo salar) has a high market value and its elite image is due to its characteristic
red-to-pink �llet color, signi�cant protein levels, long-chain polyunsaturated fatty acids, minerals and
vitamins. Hence, the production of a high-quality �llet is a crucial aspect of salmon aquaculture, as it
can directly affect the nutritional quality, consumer preference and market value of salmon.

The quality of salmon �llets is affected by the feed composition. Farmed salmon producers strongly
rely on the utilization of multiple ingredients to produce an adequate quality feed. Traditionally,
�shmeal and �sh oil are the major ingredients in a typical Norwegian salmon feed. However, the rapid
growth in aquaculture and limited availability and sustainability issues of many ingredients has led to
changes in salmon feed formulation and manufacturing.

Efforts have been made to reduce and/or replace �shmeal through the inclusion of alternative sources
of ingredients from terrestrial plants, animal byproducts, microalgae, macroalgae or insects into
salmon feed. Various studies have reported that inclusion of alternative ingredients such as krill meal,
microalgae and their levels in feed can in�uence the physical, chemical, nutritional and sensory
properties of salmon �llets.

Among the suggested alternative ingredients, the black soldier �y larvae (BSFL) (Hermetia illucens) has
drawn global attention as an alternative for replacing some of the traditional protein sources (e.g.,
�shmeal or soy protein) in aquaculture feeds due to its favorable protein levels (∼40 percent of dry
weight) and suitable amino acid pro�le. This insect has a fast growth rate and short rearing time and

This study evaluated the effect of feeding black soldier �y larvae
(BSFL) meal to salmon in terms of �llet quality and sensory analysis at
sea farm level conditions. Results showed that feeding salmon with
diets with BSFL meal had no negative impact on the general �llet
physical, chemical, and nutritional parameters. The �llet sensory
evaluation showed that the control samples were associated with the
typical attributes such as fresh salmon taste. Photo by Deane Bayas
(pexels.com).
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can convert food waste into protein and fat for animal feed, making it a good �t into the circular
economy strategy. However, to date no study has explored how BSFL-based diets affect salmon �llets
when included in a commercial diet for a long term and exposed to sea farming challenges.

(https://bspcerti�cation.org/)

This article – summarized from the original publication (https://doi.org/10.1016/j.aqrep.2024.101966)
(Radhakrishnan, G. et al. 2024. Evaluating the �llet quality and sensory characteristics of Atlantic
salmon (Salmo salar) fed black soldier �y larvae meal for whole production cycle in sea cages.
Aquaculture Reports Volume 35, April 2024, 101966) – presents the results of a study to assess the
effect on salmon �llet quality and sensory characteristics when BSFL meal is included at different
levels in a commercial-type diet fed to Atlantic salmon through the whole seawater production phase.

Study setup
This study evaluated the effect of feeding black soldier �y larvae meal to Atlantic salmon in terms of
�llet quality and sensory analysis at farm-level conditions. The feeding trial was conducted at Austevoll
research station, Institute of Marine Research in Norway and lasted 13 months.

Approximately 6,000 �sh were distributed into each sea cage, using sensors that detect and record �sh
data before releasing them into each cage. The �sh were randomly distributed into nine open sea
cages. Diets were assigned to the sea cages in triplicates using a randomized block design, containing

Bioactivity of black soldier fly larvae meal

Black soldier fly larvae meal has anti-inflammatory molecules that may
alleviate inflammation but is outperformed by quercetin in this capacity.
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three blocks to account for cage position effects. The �sh were acclimatized to the control diet one
week prior to the start of the experiment. The feed was dispersed using automatic surface feeders with
meals given every three minutes during seven hours a day (20 doses per hour).

Fish were fed a total of three diets (pellet size; 4.5 mm and 9 mm); a control diet (Control: 0 percent
BSFL meal) formulated using a standard commercial recipe, containing �shmeal (10 percent) and
plant-based proteins. Two experimental diets were formulated using partially defatted BSFL meal (53
percent crude protein), in which plant-based proteins at 37 percent inclusion level from the control diet
(4.5 mm pellets) were replaced by BSFL meal at 5 percent (BSFL 5 percent) and 10 percent (BSFL 10
percent). For the 9.0 mm pellets, plant-based proteins at 35 percent were replaced by the BSFL meal at
5 percent and 10 percent inclusion levels. All three diets were formulated to be iso-nitrogenous and iso-
lipidic diets. Diets were assigned to the sea cages in triplicate (12 ×12 m; 1900 cubic meters); the �sh
grew from 173 ± 2.7 grams to harvest size 3.45 ± 74 kg after 13 months.

For detailed information on the experimental design, feed formulation and manufacturing, animal
husbandry, data collection and analyses, refer to the original publication.

Results and discussion
The current study helps to �ll the existing knowledge gaps on the �llet quality when Atlantic salmon fed
dietary BSFL under industry-relevant farm conditions. Two levels of dietary inclusion for BSFL meals
were used, considering the current availability (5 percent) and a potential future standard for insect
protein meals in animal diets (10 percent). The results suggest that dietary inclusion of BSFL meal can
replace the traditional plant-based protein sources in the diet of Atlantic salmon at inclusion levels
evaluated, and the �sh performed similarly irrespective of the dietary groups. From a broad perspective,
our study provides information of the impact of insect proteins on commercial aquafeed from a �llet
nutritional and quality perspective.

The �llet quality parameters play a signi�cant role in consumer acceptance and thus the market value.
Starting with the physical traits, especially the �llet color is an important factor in visually judging �llet
preferences. Results on �llet color are generally presented in terms of lightness, redness and
yellowness. The red color is usually desired by consumers, while pale color and yellowness lower the
�llet quality of salmon.

Our study did not detect differences in the color of �sh fed control or insect-based diets. However, the
values obtained for yellowness index in the current study were different than the one reported by other
researchers irrespective of the experimental group. This could be attributed to various factors such as
storage duration and packaging, which can impact the yellowness index of the �llet.

The sensory testing conducted on salmon �llets did not detect any signi�cant differences between the
control and BSFL-based diets. Similar results were obtained in studies by other researchers involving
trained and non-trained panelists in Atlantic salmon where partial or total replacement of dietary FM
with BSFL did not impair the physico-chemical quality of the �llet.
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Our results show that the change in color values – an important indicator of overall value – between
the control group and the groups with 5 and 10 percent defatted BSFL meal replacing plant-based
protein sources suggests that the differences in �llet color among the dietary groups may only be
noticeable to expert observers. It is possible that replacing plant proteins with BSFL meal has a lesser
impact on �llet color compared to �shmeal replacement.

Various �sh species are one of the main sources of dietary omega-3 (n-3) polyunsaturated fatty acids
(PUFAs) required in a human adult healthy diet. The n-3 PUFA content in the �sh �llet is greatly
in�uenced by the fatty acid pro�le of the feed. In our salmon �llets, the content of eicosapentaenoic
acid (EPA) and docosahexaenoic (DHA) acid were not signi�cantly affected by the diets, but the
inclusion of partially defatted BSFL meal up to 10 percent inclusion had a signi�cant effect on the
unsaturation ratio (changes in chemical structure) due to the higher content of total saturated fatty
acids (SFAs) in insect meal-based diets. One of the reasons for the reduced unsaturation ratio in our
study was the reduction of �sh oil in the diet while using BSFL meal to make the diet iso-lipidic and iso-
energetic.

The levels of different forms of vitamin E like tocopherol and tocotrienol were analyzed in the �llets. We
observed no differences in the level of alpha-tocopherol between the three dietary groups. However, an
increased level of beta-tocopherol was observed in BSFL at 10 percent inclusion. Higher deposition of
non-alpha-tocopherol isoforms in �sh �llets adds value to the product because the potential health

Fig. 1: Radar plot with mean ratings of the sensory attributes of
cooked �llets from Control, BSFL5% and BSFL10% fed Atlantic
salmon. On scale from 1 to 5, with 1 = “slightly applicable” to 5 = “very
applicable”, if considered applicable. Sensory attributes ordered by
sensory dimension: A – appearance, O – odor, Tx – texture and T –
taste). No statistical differences were recorded between the dietary
groups (P > 0.05).
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bene�ts of tocotrienols in the human diet can include potential blood cholesterol-lowering effects, anti-
cancer properties, cardio-protective bene�ts and protection against neurodegeneration and stroke.
These higher levels of beta-tocopherol could be attributed to the presence of chitin in insect meals.

Increases in zinc and iron levels were observed when salmon were fed BSFL meal at up to 10 percent
compared to the control diet. Plant-based ingredients are known to contain antinutrients which can
decrease mineral availability due to their high binding a�nity for metal ions. Thus, the higher level of
zinc and iron observed in the current study might be the result of the reduction of plant-based
ingredients in the BSFL diets.

Any modi�cation in the �llet fatty acid pro�le can directly in�uence the �avor volatile compound of the
�llet. In our study, the �llet fatty acid pro�le was modi�ed due to the dietary inclusion of BSFL meal,
which may have contributed to some off-�avor in BSFL-fed salmon �llets. However, in other feeding
trials, the �llet sensory attributes of salmonids were not affected by the dietary inclusion of BSFL meal
in the diets. So far, little information is available on the potential modi�cation of the �avor and aroma
compounds in the �llets of farmed salmon in open sea cages fed dietary insect meal and this subject
requires further studies in the future.

Perspectives

Fig. 2: Biplots of correspondence analysis (CA) of RATA (Rate-All-That-
Apply) data from the sensory pro�ling of cooked �llets from Control,
BSFL5% and BSFL10% fed Atlantic salmon. The CA was performed on
the sum of scores given by all consumers to each term for describing
each sample (RATA scoring). Sensory attributes ordered by sensory
dimension: A – appearance, O – odor, Tx – texture and T – taste).
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Results show that Atlantic salmon reared under a large-scale trial can be fed diets containing up to 10
percent BSFL meal for the whole seawater phase without affecting the physical and chemical �llet
quality between salmon fed control and BSFL-based diets. In our study, dietary modi�cations had only
marginal effects on certain fatty acids within the saturated fatty acid, while no major modi�cations for
the total monounsaturated and polyunsaturated fatty acids.

The EPA+DHA levels were stable in the salmon �llet across all the dietary treatments, while the changes
in nutritional indices and sensory properties were associated with the inclusion of BSFL in the diets of
salmon. The use of insect-derived products can be a viable alternative protein source for aquafeeds
and the upscaling and commercialization of insect-based aquafeeds can help support the development
of sustainable feed ingredients in the coming years.
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