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Abstract

Aquafeed formulations can benefit from using insects as a sustainable and beneficial alternative element. Insect-based
diets, on the other hand, have frequently produced conflicting findings in various fish species, particularly when
inclusion levels were high. Research was done on the impact of programming via broodstock nutrition on F1 zebrafish
larvae growth using five experimental diets with increasing levels of full-fat Black Soldier Fly prepupae meal
substitute. Biometric, gas chromatographic, histological, and molecular investigations were used to examine the
offspring's responses. According to the findings, the identical BSF-based meals given to adults had the same effect on
children. There is evidence in this study to suggest that parental feeding can be used to programme children's
nutritional needs, allowing fish meal substitution with BSF prepupae meal to be increased to nearly 100% in the diet
without causing the well-known negative consequences associated with BSF-based diets.
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1. INTRODUCTION

Diets for zebrafish include both processed feeds and live creatures. The food-fish aquaculture and aquarium sectors
frequently use manufactured feeds. Since the product is advertised for aquaculture or aquarium usage, it is assumed that
the feed is acceptable for research animals in the case of produced zebrafish feeds. As the aims of feeding food—fish,
aquarium fish, and laboratory fish differ substantially, this is a serious and potentially costly mistake (in terms of
money, time, and loss of important lines, for example). Contamination can also occur in living beings. When it comes
to live diets, suppliers’ methods, sources, storage protocols, and processing all differ widely, with the possibility to
introduce pathogens into the product. [1]

To examine human sickness, cancer, and immunology, scientists have turned to zebrafish (Danio rerio) for
development. The zebrafish is a useful animal model for overcoming bioactivity and toxicity in the early phases. In
artificial tanks (at home) aquariums and research, it is the freshwater fish that is most common. A human orthologous
gene makes up 70% of the molecule's composition. The cellular types and metabolic processes of zebrafish are similar
to those of vertebrates. They live for a very brief time and give birth to hundreds of young per week per breeding pair.
Zebrafish are able to reproduce and grow without the use of internal fertilisation. [2]

The research presented here is the first of its kind to examine the physiological and behavioural responses of zebrafsh
to BSF-based diets. In a feeding trial lasting two months, five different diets with increasing inclusion levels of full-fat
BSF prepupae meal were compared to one another. To increase the FAs profle of insects, BSF prepupae were
cultivated on a coffee silverskin growth substrate enriched with 10% Schizochytrium sp. Biometric, histological, gas
chromatographic, microbiological, spectroscopic, and molecular methods were used to examine zebrafsh's
physiological responses. [3]

In the zebrafish, all food sources are considered to be equal. According to gut content study, the fish's natural diet
consists mostly of zooplankton and insects, although it has also been found to consume phytoplankton along with
filamentous algae and vascular plant material, as well as fish scales, arachnids, detritus, sand, and muck There were
many aquatic or aquatic larval forms of terrestrial insects found in these investigations, particularly dipterans, and it has
been claimed that zebrafish could be useful in mosquito control. [4]

Zebrafish eat a lot of planktonic food, indicating that they spend much of their time in the water column. Arachnids and
terrestrial insects are also devoured, indicating surface feeding, whereas inorganic components and debris indicate they
also feed from the substrate. A 12-month study based on samples found that the food content varied significantly across
months, despite the lack of a discernible seasonal pattern (Spence et al., 2007a). More research is needed to identify
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whether food items in the stomach of zebrafish represent fish selectivity or simply the availability of different prey at
different times of year. [5]

2. LITERATURE REVIEW

Barney T. Reed, Penny Hawkins, and Chloe H. Stevens (2021) Optimal zebrafish housing and care procedures Water
quality criteria, stocking densities, feeding regimens, anaesthetic and analgesia practises, humane euthanasia methods,
and other issues surrounding Danio rerio are all being discussed more and more. Providers of environmental
enrichment are a hot topic right now. Many laboratory animal species have enrichment regarded as a prerequisite for
addressing behavioural needs and promoting welfare, while zebrafish generally have inadequate provision. [6]

Cristiana Truzzi, Giulia Chemello, Matteo Zarantoniello and other experts in the field (2021) This study investigated
the effects of programming via broodstock nutrition on F1 zebrafish larvae development by using five experimental
diets with increasing levels of fish meal substitution with full-fat Black Soldier Fly (Hermetia illucens; BSF) prepupae
meal. Biometric, gas chromatographic, histological, and molecular investigations were used to examine the offspring's
responses. The findings showed that the same BSF-based meals given to adults could modify the fatty acid composition
of F1 zebrafish larvae without affecting growth, hepatic lipid buildup, or gastrointestinal health. [7]

the five members of the olive branch: Marta Barreiros, Felipe Gomes, Diego, Daniel de Oliveiro-Dante and Sidarta, all
of them came from the same family: the de Oliveiras (2021) In neuro-behavioral research, zebrafish (Danio rerio)
studies are on the rise. In experimental studies, one of the most effective ways to reduce human bias is by the use of
computational tools that measure fish behaviour. It can be challenging to conduct complete analyses when fish respond
in unpredictable ways throughout an experimental method. Analysis of zebrafish behaviour can be carried out in a fully
automated manner, using an online technique and video processing for the detection and monitoring of fish during an
activity. [8]

It's an honour to have you as part of our team, Ewa Babkiewicz. Krzysztof Surga (2021) The biology and ecology of
ectotherms, such as fish, are greatly influenced by temperature. However, there are only a few research in the literature
that look at how it affects people's cognitive ability. In seven separate experiments, we examined the impact of
temperature on zebrafish's spatial learning rate by comparing daily changes in the number of fish that chose the proper
arm first, as well as behavioural performance at two different temperatures (21 and 31°C). [9]

As a result of zebrafish's rapid growth, high survival rates and improved reproductive performance, researchers have
been experimenting with various feeding regimens in different facilities over the last few years, including Alice Printzi,
Chara Kourkouta, Stefanos Fragkoulis, Anastasia Dimitriadi, and George Geladakis. To far, few studies have looked at
how normal skeletal development affects zebrafish performance and wellbeing, even though it is critical. As a result of
this research, we were able to construct a regimen for the normal skeletal development, growth, and survival of
zebrafish larvae at an adequate rate while also learning about their micronutrient needs. [10]

3. METHODOLOGY
Insect Rearing

As described by Zarantoniello at al. the feeding substrate for BSF larvae is primarily made up of coffee silverskin (a
waste product of the coffee industry). Simply, coffee by-product was processed to a particle size of 0.4 0.2 mm in an
Ariete 1769 food processor before the feeding substrate was prepared (Saccaria Caffé S.R.L., Marina di
Montemarciano, AN, Italy; moisture 44 percent). In the feeding substrate, Schizochytrium sp. was added to the coffee
by-product at a rate of 10% (w/w). This was given freeze-dried by Alghltaly Societa Agricola S.R.L.,
Sommacampagna, VR, Italy. Distilled water was used to moisten the feeding substrate to a final level of about 70%.

Fish Diets

A Retsch Centrifugal Grinding Mill ZM 1000 (Retsch GmbH, Haan, Germany) was used to prepare an experimental
diet from freeze-dried full-fat BSF prepupae. Five different experimental diets were created in accordance with
Zarantoniello et al. [8]'s instructions. For the most part, diets were designed to be excessively iso-nitrogenous and iso-
lipidic (with 50% of CP, N 6.25, on dry matter) (13 percent on dry matter). Diets based on BSF were initially
formulated using a control diet (HiO) including mostly fish meal (FM), a variety of vegetable protein sources (wheat
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gluten, pea protein concentrates), and fish oil as the primary fat source (FO). As a replacement for seafood, high-fat
BSF prepupae meal (approximatively 25, 50, 75, and 100 percent, respectively) was added to the HiO formulation to
create BSF-based diets (both FM and FO). The vegetable protein mixture was adapted to the diets' iso-nitrogenous and
iso-lipidic conditions.

Table 1. Ingredients (as g/Kg) and proximate composition (g/100 g) of the experimental diets used in the present
study according to Zarantoniello et al.

Hi0 Hi25 Hi50 Hi75 Hi100
Fish meal 470 400 250 110 -
Vegetable protein
mix 2 220 230 298 385 440
BSF prepupae
meal - 115 235 350 460
Wheat flour ° 198 172 120 110 72
Fish oil 80 51 25 10 -
Soy lecithin 8 8 8 11 4
Mineral and
Vitamin
supplements * 14 14 14 14 14
Binder 10 10 10 10 10
Proximate composition (%)
Moisture 29 0.1 42 0.1 51 0.1 6.5 0.1 73 0.1
Crude protein,

CP 51.6 0.1 50.7 2.6 50.4 0.3 512 15 505 3.1
Crude lipid, CL 14.4 0.6 13.1 0.4 129 0.4 13.2 05 13.0 05
Nitrogen-free

extract 21.3 0.3 20.8 1.0 20.6 0.5 19.0 0.7 185 1.3
Ash 9.8 0.2 11.1 0.01 11.0 0.00 10.1 0.1 10.7 0.1
Fatty acid content (as % of total FA)

SFA 27.8 1.3% 409 0.7°¢ 40.0 2.0° 359 0.7° 376 28°
MUFA 247 06° 19.8 0.3° 19.0 0.9° 215 02°¢ 20.0 1.0°

PUFA 474 14° 39.3 1.02 410 1.0%® 426 03° 424 32°

n3 388 14°¢ 276 09¢ 20.8 09°¢ 156 0.3° 111 31°

né 86 0.1° 11.7 0.3° 20.2 0.4°¢ 269 0.1¢ 313 09°
n9 139 0.3°¢ 10.7 0.2°2 12.1 0.7° 146 0.2¢ 152 0.7°¢
n6/n3 0.22 0.05°% 0.42 0.10° 1.00 0.10°¢ 1.70 0.10¢ 2.80 0.20°
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Skretting Italia generously provided the raw ingredient. Two-vegetable protein mix supplied by the Lombarda trade srl
in Casa Belvedere, CR, Italy and Sacchetto spa (pea protein concentrate: wheat gluten, 0.6:1 weight/weight in all
experimental diets) (Lagansco, CN, Italy).

Association of Farmers (Consorzio Agrario) Composition of the mineral and vitamin supplement: Tocopherol (vitamin
E) is a fat-soluble vitamin that is found in foods such as fruits and vegetables. It is found in calcium pantothenate
(vitamin B5), calcium pantothenate (vitamin B3), calcium pantothenate (vitamin PP), calcium pantothenate (vitamin
B3), calcium pantothenate (vitamin PP), calcium pantothenate (vitamin B3), calcium pantothenate (vitamin B values
presented as mean SD for the proximate makeup and the fatty acid content. a—e In experiments comparing groups
within the same FA class, different letters show statistically significant differences (p 0.05). Fats are classified as either
SFA (Saturated Fatty Acid), MUFA (Mononuclear Fatty Acid), PUFA (Polyunsaturated Fatty Acid), or N3, N6, or N9
(Omega 3, Omega 6, or Omega 9).

Broodstock Rearing and FO Production

Embryos of the AB strain of zebrafish (broodstock; 1.20.4 g) were raised for 48 hours in a Technoplast system (Varese,
Italy) at 28 C, pH 7.0, NO2 and NH3 concentrations 0.01 mg/L, NO3 concentration 10 mg/L and a photoperiod of 12
hours of light/12 hours of darkness while being fed a commercial diet (Blue Line, Macerata, Italy These were the
experimental groups that were randomly assigned after the first collection of embryos, which were counted under a
stereomicroscope and gently collected.

To begin, fish were housed in 15 tanks, each measuring 20 litres and containing 500 fish. The tanks' edges were lined
with black panels to avoid glare from the sun. The water in the FO larval tanks was chemically and physically identical
to that in the broodstock tank, and a drip-ping system gently changed it 10 times daily.

As early as 5 days after fertilization (dpf), fish from each dietary group were fed the same experimental diet twice daily
(HiO diets, Hi25 diets, Hi50 diets, Hi75 diets, and Hi0O diets, respectively; 2 percent body weight). Additionally, from
5 to 10 dpf, all diets received rotifer Brachionus plicatilis (five individuals per mL) (one feeding in the morning). At

In order to cut down on light reflection, the tanks had black panels on the sides with 500 fish each. Using the same
chemical-physical properties as the broodstock tank, the water in the FO larval tanks was softly replaced every day by a
drip system ten times. the day after fertilization (dpf) five days, fish from

The following animals are in this category: 2021, 11, 7515.

In each of the five dietary groups, the exact identical experimental diet was administered
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Figure 2: Experimental plan schematic depiction.

4. ANALYSIS

Adaptations to dietary stimulls applied in pre- or post-natal phases that persist later in life are covered by nutritional
programming, with the goal of improving health and extending life. During the early embryonic stages marked by
organogenesis, the creation of metabolic pathways, and a high degree of metabolic plasticity, the food of the parent
may have an impact on the child in this way Several studies have been published that highlight the feasibility of
nutritionally programming fisfih offspring via broodstock nutrition to plant-based diets in light of FM and FO
substitution with more sustainable aquafeed components. ho However, there have been no studies conducted on
humans utilizing insect-based diets.

The goal of this research was to see if BSF-based diets had any effect on F1 larval development through generations by
utilising zebrafish as an experimental paradigm. A comparison is made between the results of this study and those of
Zarantoniello et al., who fed FO zebrafish larvae the identical BSF-based diets as those employed in this one, but who
were not nutritionally programmed by parental feeding.

These iso-nitrogenous and iso-lipid diets were developed despite decreasing marine resources and increasing amounts
of BSF prepupae meal in the current study and others. Some vegetable elements were introduced to keep the dietary
protein and fat intake steady. To link all of the findings together, a combination of highly digestible wheat gluten and
pea protein concentrates was used in conjunction with the dietary BSF prepupae meal inclusion. Due to its low
nutritional content, wheat flour is frequently used as a dietary filler. A wheat- and pea protein-based diet has also been
shown to have no effect on the growth and gene expression of zebrafish, in comparison with an FM-based controls.
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Figure 3. Relative mRNA abundance of genes analyzed in F1 zebrafish larvae fed diets including 0%, 25%,
50%, 75% and Figure 5. Relative mRNA

2
: | 3
£3

1

s... .~

AN
Pees o AL
s sevc

5. CONCLUSIONS

According to the results of this research, feeding insects to broodstock can have a good impact on the offspring's
nutritional status. Dietary substitution levels for BSF prepupae meal during zebrafish larval development were shown
to be prolonged by up to nearly 100% utilising nutritional programming, with no adverse impacts on fish growth or
welfare. High levels of BSF prepupae meal dietary inclusion should be countered with nutritional programming as a
possible remedy to the reoccurring side effects. The findings of this study, which used zebrafish as an experimental
model, could serve as a springboard for future work on finfish culture.
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