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Health &
Welfare

E�ect of full-fat, black soldier �y meal
in juvenile Siberian sturgeon diets
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By Ike Olivotto, Ph.D.

Study evaluates physiological responses in �rst reported
feeding trial using insect-based diets under aquaponics
conditions
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The Siberian sturgeon (Acipenser baerii) is one of the most valuable species in aquaculture, due to its
production of caviar and high-quality meat for human consumption. Restocking programs are also of
great interest for this species since it is included in lists of endangered wild populations. Compared to
other sturgeon species, A. baerii shows rapid growth rate, resistance to pathogens, a relatively short
reproductive cycle (seven to eight years) and can be reared using a wide range of diets and
environmental conditions. Because of these features and a high commercial value, intensive
aquaculture of Siberian sturgeons is presently carried out in different parts of the world and, in recent
years, several studies regarding farming-related biology and nutritional requirements have been carried
out.

Over the last years, several ingredients have been evaluated as �shmeal substitutes in sturgeon
aquaculture diets, ranging from vegetable ones like soybean meal, rice concentrate, sesame oil cake,
corn gluten and spirulina microalgae to animal ones such as poultry byproducts. Currently, with the
goal of a further reduction of aquaculture’s environmental footprint, insect species like the black soldier
�y (BSF; Hermetia illucens) represent very promising candidates as �shmeal alternatives. The
signi�cant interest in BSF meal as an aquafeed ingredient is due to their eco-friendly rearing in terms of
land use, water consumption, carbon dioxide (CO ) emissions and on high feed conversion e�ciency,
as BSF larvae can grow on low-value organic byproducts, converting them into valuable biomass.

Furthermore, insects are part of the natural diet of Siberian sturgeon, and many insects have bioactive
compounds like chitin, which at certain concentrations are able to boost the �sh’s immune system and
promote gut microbiota diversi�cation. From the nutritional point of view, BSF larvae have a suitable
protein content and the amino acid composition is similar to that of �shmeal. However, the BSF meal
fatty acid pro�le has also some disadvantages, such as a high content of saturated fatty acids (SFA)

This study evaluated the effects of full-fat, black soldier �y meal in the
diets of juvenile Siberian sturgeons raised in an aquaponic system.
Results showed low feed acceptance at high inclusion levels and the
need to improve palatability for sturgeon culture. Photo by Darryl
Jory.
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and an extremely low content in polyunsaturated (PUFA) ones. PUFA are particularly important for �sh
since de�ciencies in these compounds may cause a general deterioration of �sh health, poor growth,
low feed e�ciency and often high mortality.

Some recent studies have tested different defatted BSF meal inclusion levels in aquafeed formulation
for several �sh species but results on �sh physiological responses are still controversial. This topic,
however, has scarcely been investigated in sturgeon aquaculture and most of the results are limited to
zootechnical analyses. Nowadays, several laboratory approaches (histology, molecular biology, gas
chromatography and infra-red spectroscopy) are available to evaluate �sh welfare and quality and
represent valid tools to assess the inclusion of new ingredients, like insect meal, in aquafeed
production. In addition, the use of full-fat BSF meal is preferable to the highly defatted to reduce
manufacturing costs.

This article – adapted and summarized from the original publication (https://doi.org/10.1038/s41598-
020-80379-x) [Zarantoniello, M. et al. 2021. Physiological responses of Siberian sturgeon (Acipenser
baerii) juveniles fed on full-fat insect-based diet in an aquaponic system. Sci Rep 11, 1057 (2021)] –
reports on the results of a feeding study with Siberian sturgeon juveniles fed BSF diets in an aquaponic
system.

Study setup

As sturgeon farming grows, demand
concerns emerge

Caviar, or lightly salted sturgeon roe, has been enjoyed for centuries as
an expensive gourmet delicacy. After a drastic decline in wild sturgeon
stocks, aquaculture stepped in to fill the void. But can farmed supply
find lasting balance with market demand?
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Our 60-day feeding trial was conducted at the aquaponics facility “Cooperativa Agricola Tanto Sole”
(Treia, Macerata, Italy). Juvenile Siberian sturgeons, purchased from Azienda Agricola Pisani Dossi s.s.,
Cisliano, MI, Italy), were acclimated for one week in a single 500-liter tank equipped with mechanical,
biological and UV �ltration. Tank water temperature was 18 ± 0.5 degrees-C; ammonia and nitrite values
were < 0.05 mg per liter, and nitrate was 10 mg per liter, all within acceptable sturgeon-rearing
requirements. At the end of the acclimation period, �sh were randomly allocated into six Media Based
Aquaponic Systems (80 specimens per tank). Each aquaponic system consisted of a 1.56-square-meter
hydroponic unit for plants cultivation and a 600-liter �sh tank, for a total volume of 720 liters of water.

At the beginning of the experiment (t0), the six aquaponic systems were randomly assigned to the
experimental groups (Hi0 or Hi50) according to an experimental design with triplicate tanks per dietary
treatment. The feeding trial lasted for 60 days, during which the sturgeons almost triplicated their
weight. Fish were fed as follows: �sh fed on the 0 percent BSF meal diet (Hi0 group); and �sh fed on
the diet including 50 percent BSF full-fat prepupae [mature insect larvae] meal (Hi50 group). Feed
particles were 0.5 to 1 mm in size. Sturgeons were fed the experimental diets (3 percent body weight
daily) three times a day. At the beginning (t0) and at the end of the feeding trial (t1), after a 10-hour
fasting period, the required �sh were sampled, euthanized and properly stored for further analyses.

For detailed information on the experimental setup, design and �sh husbandry; insects rearing and �sh
diet production; aquaponics system design and operation; data collection and histology; sturgeon
microbiome, molecular and statistical analyses, refer to the original publication.

Results and discussion
The inclusion of BSF meal in aquafeed, as well as the physiological responses of �sh, have been
recently investigated in several important commercial species like Atlantic salmon (Salmo salar),
rainbow trout (Oncorhinchus mykiss) and European sea bass (Dicentrarchus labrax).

But the results of our feeding study with Siberian sturgeon juveniles and enriched BSF meal – including
zootechnical performances, �llet fatty acid composition, liver and gut integrity, expression of genes
involved in �sh growth, stress and immune response and gut microbiome – represent the �rst
multidisciplinary investigation on the physiological effects of BSF-based diets in sturgeon juveniles.
Furthermore, this is the �rst feeding trial using insect-based diets performed in an aquaponics system.
This green technology combines aquaculture (production of �sh) with horticulture (vegetables
production), saving energy, water and nutrients, and representing an important step for sustainable
aquaculture in a future zero-waste generation. Information available for the Siberian sturgeon and
aquaponic systems is not available.

Previous studies highlighted that a defatted BSF prepupae meal dietary inclusion level higher than 25
percent impaired �sh growth and welfare. Based on these results and previous studies which
demonstrated the possibility to use higher full-fat dietary BSF meal inclusion levels after an enrichment
procedure of the insect biomass, in our study we tested, for the �rst time, a 50 percent enriched full-fat
BSF prepupae meal inclusion level in a practical diet for juvenile sturgeons in an aquaponic system;
and we also applied a set of laboratory techniques to examine comprehensively the physiological
responses of our experimental �sh.

Our results showed that the inclusion of a 50 percent enriched full-fat BSF prepupae meal negatively
affects �sh growth and survival. These conclusions are supported by the expression of the growth
markers analyzed and agree with previous studies reporting that inclusion of BSF meal levels higher
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than 40 percent often impairs �sh growth and welfare. A possible explanation of these differences
between the two experimental groups can be related to the fatty acid (FA) composition of the diets and
the ability of sturgeons to biochemically convert some FA to others, and the related energy expenditure.

Fig. 1: Percentage of SFA, MUFA and PUFA (as percentage of total FA)
and omega 3 (n3), omega 6 (n6) and omega 9 (n9) FA contribution (%)
to lipid pro�le. (a,b) Experimental diets including 0 and 50 percent of
BSF meal respect to �shmeal (Hi0 and Hi50); (c,d) Siberian sturgeon
�llets at t0; (e,f) Fillets of Siberian sturgeon fed on the different diets at
t1. Signi�cant differences between Hi0 and Hi50, compared within the
same FA class, are indicated as follows: ns non-signi�cant; *p < 0.05;
**p < 0.01; ***p < 0.001 and ****p < 0.0001. Values are shown as
mean ± SD (n = 3 for experimental diets; n = 9 for sturgeon at both t0
and t1). Adapted from original.
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Also, we observed a lower diet acceptance was observed in the Hi50 group compared to Hi0, and the
laboratory analysis performed suggested that the �sh entered a fasting condition. Fasting is normally
characterized by a growth reduction due mainly to a decrease in the production of certain genes
involved in �sh growth (IGFs). Accordingly, based on these and other observations, our results represent
strong evidence that �sh entered a fasting period. In addition, since malnutrition or fasting are
nowadays considered stressors, this stressful situation is fully supported by the higher expression of a
speci�c liver gene we detected in Hi50 compared to Hi0.

Histological analyses of intestinal tracts are also useful to provide evidence of fasting status in �sh.
Fasting is usually associated to changes in various intestinal membrane and cells, and our Hi50 group
showed atrophy of intestinal mucosal folds and a dramatic decrease of speci�c types of intestinal cells
compared to Hi0. Other researchers have reported no such negative effects after feeding trials with
Siberian sturgeons fed diets with lower inclusion levels (37.5 percent) of defatted BSF meal.

Overall, our analyses of the intestine histology and expression of speci�c genes did not reveal any sign
of in�ammation in either of the experimental groups. Similar results were reported in other studies that
showed a positive role of BSF meal dietary inclusion on �sh gut welfare. BSF meal contains lauric acid
and chitin, which have anti-in�ammatory and immune-boosting properties. BSF meal is also known to
rise biodiversity in the �sh microbiome, necessary to improve �sh health, metabolism, nutrition and
immunity.

Perspectives
Our results demonstrated the feasibility of aquaponics systems for sturgeon culture and for testing new
aquafeed ingredients like insect meal. However, the general low feed acceptance shown by the Hi50
group �sh compared to the Hi0 group indicates the need of further studies aimed at improving the
palatability of BSF-based diets intended for sturgeon culture.
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