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ARTICLE INFO ABSTRACT
Keywords: The additive effects of insect meal supplementation to diets containing a high soy protein inclusion were eval-
Insect meal uated for growth performance, antioxidant potential and fillet nutritional quality of juvenile rainbow trout

Soy based diet
Polyunsaturated fatty acids
Low fishmeal

Rainbow trout

(Oncorhynchus mykiss). A basal diet (Soy) with a high-level soy protein (21% soybean meal, SBM plus 4-5.5% soy
protein concentrate, SPC) was compared to similarly formulated soy-based diets supplemented with low (8%)
and high levels (16%) of insect meal for diet groups Soy + IM 1w and Soy + IM p;gh, respectively. A high-level
fishmeal (24%) based positive control diet (Fish meal) was also produced. All diets were iso-nitrogenous (44%)
and isolipidic (20%) and were fed to triplicate groups of rainbow trout juveniles (initial weight 32 + 0.0 g) over
the course of a 10-week trial. Fish fed the positive control diet showed significantly higher final weight, % weight
gain (%WG) and specific growth rate (SGR) compared to the Soy + IM pign and Soy diet groups, but these pa-
rameters were not significantly different from the Soy + IM 1o diet group. The Soy and Soy -+ IM ;g diet groups
showed significantly lower final weight, % WG and SGR. Feed efficiency and protein efficiency ratio was
numerically higher in fish fed the Fish meal positive control diet followed by the Soy + IM 1w and Soy and Soy +
IM g;gh diet groups, respectively. Among somatic indices, condition factor (CF) was significantly influenced by IM
supplementation and the Soy + IM pign diet group showed significantly lower CF compared to other dietary
groups. Addition of insect meal significantly increased whole body amino acids viz., arginine, histidine, valine
and threonine content. Insect meal supplementation significantly increased muscle o-linolenic acid content.
However, a-linolenic acid content in fish fed the Soy + IM yjgp diet was not significantly different from fish fed
the Fishmeal positive control diet. Insect meal supplementation did not significantly influence EPA + DHA, total
n-3 PUFA and monounsaturated fatty acid content in the muscle, whereas the significantly highest EPA/DHA and
total monounsaturated fatty acids were detected in the fishmeal based positive control diet compared to other
dietary treatment. The liver gene expression pattern for A5 desaturase was significantly higher in the Soy + IM
Low diet fish, while A6 desaturase and fatty acid synthase (FAS) were significantly higher in Soy (basal) and Soy +
IM 1w diet fed fish. Elongase and fatty acid binding protein (FABP) were not significantly influenced by insect
meal supplementation. Regarding the antioxidant potential, Soy diet group showed significantly higher super-
oxide dismutase (SOD) activity compared to insect meal included groups and positive control diet group.
Glutathione peroxidase (GPX) activity was significantly reduced in Soy + IM ggn diet compared to other dietary
groups. Finally, we conclude that insect meal inclusion at a low level (8%) is beneficial for increased growth and
select fatty acid restoration for rainbow trout fed soy-based feeds.
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1. Introduction

Historically fishmeal (FM) has been the major protein source in
aquaculture diets. However, increasing world wide demand and a
reducing supply of this finite protein souces makes it a limiting factor in
the aquafeed industry. To overcome this limitation, several cost-
effective alternative protein sources have been tested in the diets of
different fish species with varing degrees of success. Due to several
positive characteristics, such as availability, cost effectiveness and
relatively better balanced amino acids profile, soybean meal (SBM) has
been considered as the most suitable alternative protein for replacing
FM. It is also well documented that SBM inclusion as a FM replacer in
aquafeeds above a certain percentage (20-40%) causes amino acid im-
balances and antinutritients accumulation resulting in reduced feed
intake and weight gain, morphological changes of distal intestinal
epithelium and abnormal health conditions of fish (Baeverfjord and
Krogdahl, 1996; Burrells et al., 1999; Krogdahl et al., 2003; Deng et al.,
2006; Chen et al., 2011; Li et al., 2012; Hossain and Koshio, 2017;
Hossain et al., 2018). However, supplementation strategies, i.e., sup-
plementation of novel feed ingredients or functional additives, could
improve the palatability and nutritional quality of soy-based and plant
protein-based diets, which would help to recover feed intake, as well as
improve overall fish performance (Hossain and Koshio, 2017; Hossain
et al., 2018). Recently, protein meal derived from insects has received
attention as a novel feed ingredient for aquafeeds due to having po-
tential beneficial growth and health properties (Belghit et al., 2019;
Nogales-Mérida et al., 2019; Fisher et al., 2020). Inclusion of insect meal
in alternative plant protein based aquafeeds might help to increase the
efficiency of utilizing alternative plant proteins which is very important
for low FM based functional aquafeed development.

Insect meals from fly larvae, especially black soldier fly larvae (BSFL)
have been identified as high protein (~60%) meals providing bio-
available proteins, a well as a balanced essential amino acid profile,
and lipids, minerals, and vitamins suitable for fish under most rearing
conditions (Barroso et al., 2014; Henry et al., 2015; Wang and Shelomi,
2017). BSFL meal has a more appropriate amino acid profile for fish than
commonly used plant ingredients, such as SBM (Makkar et al., 2014;
Tran et al., 2015). The oil content of BSFL is often reduced after me-
chanical or chemical extraction processes to produce commercial BSFL
meal. Even after extraction, commercially available BSFL meal contains
~15% crude lipid. BSFL oil is rich in medium-chain fatty acids such as
lauric acid (C12:0), approximately 21%-49%, and this fatty acid is ad-
vantageous in abdominal fat reduction and has been shown to have
beneficial antimicrobial effects on gut bacteria (Li et al., 2016, 2017). In
addition, the concentration of polyunsaturated fatty acids (linoleic,
18:2n-6, and linolenic, 18:3n-3) in BSFL oil is closely related to fatty acid
ratios found in many plant oils such as soybean and sunflower oil and
this could be effectively utilized by freshwater fish to biosynthesize n-3
long-chain polyunsaturated fatty acid (LC-PUFA) through a series of
elongation and desaturation reactions (Oliva-Teles, 2012). The inclusion
of insect meal in Nile tilapia diets and their subsequent effects on LC-
PUFA biosynthesis has been reported in previous studies (Agbohessou
et al., 2021; Sanchez-Muros et al., 2016). However, inset meal inclusion
in fish meal replaced with SBM based diet and their subsequent effects
on LC-PUFA bioconversion has not been reported in rainbow trout. So, it
is of great importance to evaluate the impact of BSFL meal dietary in-
clusion on the bioconversion of LC-PUFA in rainbow trout. The fatty acid
desaturation and elongation pathway have been extensively studied in
fish at both the molecular and enzymatic levels (reviewed by Turchini
et al., 2009), and several of the fatty acid desaturases (A6 and A5
desaturases) and elongases, that are critical enzymes and genes involved
in this bioconversion of fatty acids have been shown to be produced in
fish. However, the dietary inclusion effects of BSFL meal on those genes
in rainbow trout (Oncorhynchus mykiss) is scarce. Superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPX) are antioxidant
enzymes which play indispensable role in the antioxidant protective
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capacity of biological systems against free radical attack (Ighodaro and
Akinloye, 2018). BSFL meal protein derivatives contain low molecular
weight peptides that are known for their antioxidant and immuno-
modulatory effects (Nogales-Mérida et al., 2019). So, it is of great
importance to evaluate the effects of BSFL meal inclusion in a soy-based
diet on antioxidant activity and in rainbow trout it is yet to be reported.
There are some limitations of insect meal incorporation in aquafeed
including its nutritional composition (fatty acid, amino acids profile)
and presence of chitin in insect meal (Ng et al., 2001; Sanchez-Muros
etal., 2014). In comparison to FM, insect meals are generally poor in n-3
LC-PUFA (Ekpo and Onigbinde, 2007; Katayama et al., 2008; Barroso
et al., 2014). Despite these limitations, using insect meal as partial FM
substitutes in aquafeeds obtained interesting results on different physi-
ological aspects in several fish species without any negative effects on
growth performance like, in rainbow trout (Renna et al., 2017; Dumas
et al., 2018; Elia et al., 2018), Atlantic salmon, Salmo salar (Lock et al.,
2016; Belghit et al., 2018), European seabass, Dicentrarchus labrax
(Magalhaes et al., 2017), Pacific white shrimp, Litopenaeus vannamei
(Cummins et al., 2017) channel catfish, Ictalurus punctatus (Yildirim-
Aksoy et al., 2020) and juvenile dusky kob (Madibana et al., 2020). In
contrast, reduced growth and feed utilization have been reported in
juvenile turbot and rainbow trout when FM was replaced with BSF meal
at 65-756 g kg’1 diet (St-Hilaire et al., 2007; Kroeckel et al., 2012). On
the other hand, the partial substitution of FM with the larval meal of BSF
and poultry by-product meal did not affect growth, utilization and
feeding efficiency, but affected the whole-body fatty acid composition of
Nile tilapia (Devic et al., 2018). Recently, Agbohessou et al. (2021) also
reported that, total replacement of FM by enriched-fatty acid BSFL meal
did not substantially affect growth parameters or innate immune status
but improved whole body biochemical quality of Nile tilapia. However,
so far, no investigations have been performed on rainbow trout using
insect meal as a novel feed ingredient in a soybean-based diet. In the
current study, the supplementation effects of BSFL meal in soy-based
diets fed to rainbow trout on growth, body amino acid and fatty acid
compositions, and antioxidant defense has been evaluated.

2. Materials and methods
2.1. Experimental design and test diets

All ingredients used in the experimental feeds were analyzed for
protein and amino acid content at the Hagerman Fish Culture Experi-
ment Station (HFCES), and analyzed values were used to refine feed
formulations to achieve target protein lipid and key amino acid levels.
Four experimental feeds for rainbow trout were produced as shown in
Table 1. Briefly, a high level FM (24%) based positive control diet (Fish
meal) was produced, then 40% of FM protein was replaced with SBM
protein, and this was the high soy protein based (21% of SBM plus
4-5.5% soy protein concentrate, SPC) basal diet (Soy), which was then
supplemented with low (8%) and high levels (16%) of BSFL meal for diet
groups Soy + IM 14w, SOy + IM pigh, respectively. All dry ingredients
used in the formulation of experimental diets were ground to a particle
size of <500 pm using a pulverizer. All ingredients were mixed thor-
oughly in a Hobart mixer, water was added (20-25%) and then cold
pelleted at the University of Idaho’s HFCES using a laboratory-scale
California pellet mill (California Pellet Mill Company, San Francisco,
CA, USA) fitted with 3-4 mm die. After 36 h drying in a forced-air dryer
at 37 °C, the feeds were stored at ambient temperature until fed.

2.2. Experimental fish and feeding trial

Rainbow trout fingerlings, hatched from eggs obtained from Trout
Lodge (Sumner, WA), were used in the study. Rainbow trout juveniles
with an average initial weight of 32 + 0.01 g were randomly stocked
into 12,145-L tanks at 25 fish per tank. Each tank was supplied with 8 L/
min of constant temperature (15 °C) spring water supplied by gravity to
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Table 1
Formulation of the experimental diets.

Ingredients (%) Diet groups

Fishmeal  Soy Soy + IM Soy + IM

Low High
Fish meal 24 9.5 9.5 9.5
Soybean meal 0 21 21 21
Insect meal 0 0 8 16
Poultry meal 10.2 11.8 7.8 5.5
Soy protein concentrate 6 5.5 5 4
Wheat gluten 5 5 5 5
Corn Protein Concentrate 6 6.5 6 5
Blood meal 5 5 5 4.5
Wheat flour 24.9 15.59 13.26 11.03
Fish oil 16 17 16.4 15.5
Dicalcium phosphate 1.2 1.2 1.2 1.2
Choline chloride (60%) 0.6 0.6 0.6 0.6
Vitamin premixf 0.8 0.8 0.8 0.8
Trace Mineral mixture, Trouw 0.1 0.1 0.1 0.1

nutrition}

Vitamin C, Stay C-35) 0.2 0.2 0.2 0.2
Lysine 0.0 0.11 0.06 0.02
Methionine 0.0 0.1 0.08 0.05
Total 100 100 100 100

t Vitamin premix supply the following to the diet (mgkg™! diet): D calcium
pantothenate, 46.47; pyridoxine (pyridoxine HCI), 13.68; riboflavin, 9.58;
niacinamide, 21.78; folic acid, 2.49; thiamine (thiamine mononitrate), 9.1;
inositol, 599; biotin, 0.33; vitamin B;5, 0.03; menadione sodium bisulfite com-
plex, 1.1; vitamin E (DL a-tocopherol acetate), 131.9 IU; vitamin D3 (stabilized),
6594 1U; vitamin A (vitamin A palmitate, stabilized), 9641 IU; ethoxyquin, 198.
+ Trace mineral premix supply the following to the diet (mgk'g diet): Zn (as
ZnS0O4 7H,0), 50; Mn (as MnSOQy), 7.5; Cu (as CuSO4 5H50), 2.5; I (as KIO3), 1;
selenium (as Na,SeO3), 0.05.

the fish rearing laboratory. Each diet was fed twice daily by hand to
triplicate tanks of fish to apparent satiation, six-day per week for 10
weeks. Tanks were assigned diets using a completely randomized design
to account for any tank position effects. Photoperiod was held constant
at 14 h light: 10 h dark with electric timers. Tanks were cleaned daily,
and any dead fish were removed and recorded. All fish handling and
experimental protocols were approved by and conducted in accordance
with the guidelines of the University of Idaho’s Animal Use and Care
Committee (IACUC-2019-76).

2.3. Evaluation of performance parameters
At the end of the feeding trial, the following parameters were
calculated using the live-weight and feed consumption data as per Hardy

and Barrows (2002) to evaluate the growth and feed utilization per-
formances of the fish.

Weight gain (g/fish) = (g mean final weight — g mean initial weight)

Mean weight gain (%) = [(g mean final weight-g mean initial weight)

/g mean initial weight] x 100

Specific growth rate (SGR; %/d) = [Ln (g final weight)-Ln (g initial weight)
/duration | x 100

Feed consumed (g/fish) = g total feed consumed/number of surviving fish
Feed efficiency (FE) = g wet weight gain per fish/g feed consumed per fish
Survival=(numberoffishattheendofthetrial /numberoffishatthebeginning ) x 100

Protein efficiency ratio (PER) = g weight gain/g protein consumed

Nutrient retention (%) = (g nutrient gain/g nutrient consumed) x 100
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2.4. Sample collection and biochemical analysis

As an initial sample, 15 fish from the experimental population were
sacrificed and frozen for whole-body analysis. At the end of the feeding
trial, all experimental fish were fasted for 24 h prior to sampling. All the
fish were anesthetized with tricaine methanesulfonate (MS-222, 100
mg/L). Then, individual body weight and length of fish were measured,
and the growth parameters were calculated accordingly. Three
randomly selected anesthetized fish from each dietary replicate tank
were used for the collection of blood by puncture of the caudal vascu-
lature using non-heparinized disposable syringes, and serum was ob-
tained by centrifugation at 7000 xg for 10 min at 4 °C. Liver and viscera
were dissected from the fish identified above following euthanasia (MS-
222, 300 mg/L) and were weighed individually to calculate the hep-
atosomatic index (HSI) and viscerasomatic index (VSI). A small section
of liver and muscle samples was collected from each of the fish identified
above, snap-frozen in liquid nitrogen, and stored at -80 °C until analyses.

Experimental diets used in the trial were analyzed for proximate
composition, amino acids, fatty acid, and gross energy at the Hagerman
lab using standard protocols (as described below) prior to the start of the
feeding trial to ensure that calculated values were achieved (Table 2 and
Table 3). Proximate composition (moisture, protein, fat and ash) were
determined using Association of Official Analytical Chemists procedures
(AOAC, 1995). Samples were dried in a convection oven at 105 °C for 12
h to determine moisture level. Dried samples were finely ground by
mortar and pestle and analyzed for crude protein (total nitrogen x 6.25)
using a combustion method with a nitrogen determinator (rapid N
exceed, Elementar, Langenselbold, Germany). Crude lipid was analyzed
by subjecting samples to acid hydrolysis using an ANKOM HCL hydro-
lysis system (ANKOM Technology, Macedon, NY) and extracting sam-
ples with petroleum ether using an ANKOM XT15 extractor. Ash was
analyzed by incineration at 550 °C in a muffle furnace for 5 h. Energy
content of samples was determined using an isoperibol bomb calorim-
eter (Parr 6300, Parr Instrument Company Inc., Moline, IL). Analyses of
amino acids in fish whole body and feeds were conducted using a Bio-
Chrom 30+ amino acid analyzer. Briefly, sample containing approxi-
mately 100 mg protein was taken into hydrolysis tube and 1 mL
hydrochloric acid was added. Afterward, using vacuum pump and Ny

Table 2
Analyzed proximate and amino acid composition of experimental diets (%, as-
fed basis).

Parameters Diet groups

Fishmeal Soy Soy + IM pow Soy + IM migh
Moisture 5.97 5.83 6.02 5.93
Crude protein 44.80 44.47 43.90 43.76
Crude lipid 20.97 21.01 21.1 20.84
Ash 7.57 7.08 7.01 7.23
Energy (Cal/g) 5352.5 5383.0 5421.5 5389.0
Amino acid profiles
Arginine (Arg) 2.29 2.39 2.20 217
Cysteine (Cys) 4.07 5.17 4.88 4.78
Histidine (His) 1.71 2.82 2.66 2.70
Isoleucine (Ile) 2.27 2.29 2.19 2.27
Leucine (Leu) 4.34 4.43 4.22 4.43
Lysine (Lys) 6.55 7.20 7.15 6.93
Methionine (Met) 1.29 1.23 1.27 1.25
Phenylalanine (Phe) 0.64 0.59 0.76 0.69
Threonine (Thr) 1.70 1.68 1.59 1.70
Tryptophan (Trp) 3.02 3.84 3.77 4.02
Tyrosine (Tyr) 4.25 3.73 3.35 3.75
Valine (Val) 4.72 4.86 4.44 4.56
Alanine (Ala) 2.78 2.98 2.82 2.95
Aspartate (Asp) 3.69 3.84 3.72 3.74
Glutamate (Glu) 12.40 12.99 11.98 12.48
Glycine (Gly) 2.66 2.77 2.70 2.79
Proline (Pro) 2.66 2.50 2.40 2.77

Serine (Ser) 2.17 2.14 2.07 2.10
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Table 3
Analyzed fatty acids composition (% of total fatty acids) of experimental diets
(%, as-fed basis).

Variables ~ Name Diet groups

Fishmeal Soy Soy + Soy +
IM Low IM High
C14:0 Myristic acid 5.20 + 5.26 + 5.31 + 5.76 +
0.12 0.23 0.11 0.16
C16:0 Palmitic acid 16.57 + 16.70 15.89 16.49
0.49 + 0.96 +0.30 +0.22
Cl6:1 Palmitoleic acid 5.49 + 5.79 + 5.49 + 5.38 +
0.12 0.25 0.00 0.05
C18:0 Stearic acid 3.63 + 3.63 + 3.53 + 342 +
0.06 0.18 0.05 0.00
C18:1n-9 Oleic acid 21.38 + 22.99 21.38 21.25
0.17 +1.16 + 0.04 +0.02
C18:2n-6 linoleic acid 8.24 + 9.46 + 9.49 + 10.07
0.13 0.45 0.02 + 0.06
C18:3n-3 a-Linolenic acid 1.03 + 1.30 + 1.30 + 1.30 +
0.03 0.05 0.01 0.01
C20:1n-9 11-Eicosenoic acid or 12.00 + 12.41 12.54 11.84
Gondoic acid 0.07 + 0.00 + 0.17 + 0.11
C20:5n-3 Eicosapentaenoic acid 9.33 + 9.14 + 8.95 + 8.58 +
0.50 0.01 0.06 0.02
C22:1n-9 Erucic acid 7.58 + 8.13 + 7.95 + 7.57 +
0.07 0.28 0.08 0.04
C22:5n-3 Docosapentaenoic 0.83 + 0.84 + 0.81 + 0.79 +
acid 0.03 0.02 0.03 0.02
C22:6n-3 Docosahexaenoic acid ~ 8.38 + 7.72 + 7.35 + 7.09 +
0.34 0.49 0.14 0.00

gas, all the atmosphere inside the hydrolysis tube was evacuated. After
de-gassing the hydrolysis tubes with samples were placed in a heating
block pre-heated to 110 °C exactly for 24 h. Afterwards, using a 3 mL
syringe and stainless-steel needle, the hydrolyzed sample was trans-
ferred into test tube with 9 mL of BioChrom Loading Buffer. Then, 2 mL
diluted sample was taken out and using NAOH, pH was adjusted to
between 2 and 2.2. Using the 3 mL syringe again pH adjusted 2 mL
sample was filtered (25 mm syringe filter) into a labeled 1.5 mL sample
vial. The pH adjusted samples were prepared for analysis by using 100
pL of filtered sample, 100pL filtered 2500 pmol/L norleucine standard,
800 pL filtered Biochrom Loading Buffer. Finally, after vortexing the
sample was run on the BioChrom 30+ for amino acid analysis. The fatty
acid composition of the liver and fillet samples was determined in line
with the modified AOAC method (AOAC, 1995). Briefly, samples were
dried for 5-6 h under an N2 stream at 50 °C (OA-SYS heating system,
Organomation Associates, Inc., Berlin, MA, USA). Thereafter, 2 mL of
0.5 N NaOH was added for sample saponification at 70 °C for 60 min.
Following sample cooling, the free fatty acid was methylated by the
addition of 2 mL 14% BF3 (Boron trifluoride) in methanol and incubated
at 70 °C for 60 min. After the samples were allowed to cool, 2 mL of
hexane was added, inverted repeatedly for 60 s, and 1 mL of saturated
NaCl was added. The samples were again inverted repeatedly for 60 s
and then centrifuged at 2000 xg for 5 min. An aliquot (100 pL) of the
clarified hexane extract was diluted in hexane (1:10) and put into
autosampler vials for gas chromatography/mass spectroscopy (GC/MS)
analysis. The injection mode with a helium flow rate and the column
temperature was as described by Overturf et al. (2013). All the analyses
were done in duplicate.

2.5. Antioxidant enzymes, glucose and total serum protein assay

The superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx) enzyme activities in the serum were measured using
Cayman chemical assay kits (#706002, #707002, and #703102,
respectively). Total serum protein content was quantified using the
Pierce™ BCA protein assay kit (Thermo Scientific). The serum glucose
concentration was quantified using a commercial kit (Cayman chemical,
#10009582).
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2.6. Hepatic gene expression

The total RNA was isolated individually from the collected liver
samples (n = 9 fish per diet) using the TRIzol reagent (Invitrogen, USA)
extraction method following the manufacturer’s protocol. The RNA
purity and quantity of the RNA samples were examined by measuring
absorbance at 260 and 280 nm (NanoDrop 2000 spectrophotometer,
Thermo Scientific, USA). To ascertain the level of lipid metabolism-
related gene expression, quantitative real-time RT-PCR was performed
with an ABI Prism7900HT Sequence Detection System using the TagMan
One-Step RT-PCR Master Mix Reagents kit in line with the procedure
provided by ABI (Foster City, CA, USA). The concentration of each re-
action was: Master Mix, 1x (contains AmpliTaq Gold enzyme, dNTPs
including dUTP, a passive reference, and buffer components); Multi-
Scribe reverse transcriptase, 0.25 U pL — 1; RNase inhibitor mix, 0.4 U
pL — 1; forward primer 600 nM; reverse primer 600 nM; probe, 250 nM;
total RNA, 75 ng. The primer sequences of each gene, accession
numbers, and probes are depicted in Table 4. The p-actin gene was used
as the reference gene. The thermal cycling conditions used for the tested
genes consisted of 30 min at 48 °C, 10 min at 95 °C, then 40 PCR cycles
of 95 °C for 15 s followed by 60 °C for 1 min. After carrying out the
melting curve analysis to confirm a single PCR product in each reaction,
the comparative CT method was used to determine the relative expres-
sion of the target genes viz., fatty acid-binding protein (FABP), fatty acid
synthase (FAS), fatty acid elongase, A5 and A6 desaturases, and the
values were normalized by the 2-AACT method (Livak and Schmittgen,
2001) with B-actin as the reference gene. Each assay sample was run in
duplicate.

2.7. Statistical analysis of data

Tank mean values were used as units of observation for statistical
analysis. All performance data were tested for normality and homoge-
neity of variance prior to one-way Analysis of Variance (ANOVA). If
significant differences were found, data were subjected to Tukey’s HSD
test to separate the means at a significance level of P < 0.05 using the
IBM SPSS version 22 package.

3. Results
3.1. Growth feed utilization performances and somatic indices

Growth performance, feed utilization and somatic indices of rainbow
trout fed experimental diets are presented in Table 5. Significantly
higher final weight, % weight gain (%WG) and specific growth rate
(SGR) was observed in fish fed the positive control diet to the Soy and
Soy + IM migh, but it was not significantly different from the low insect
meal supplemented group (Soy + IM ow). Both the Soy and Soy + IM
High group showed significantly lower final weight, % WG and SGR. Feed
efficiency and protein efficiency ratio were numerically higher in the
fish meal based positive control diet group followed by Soy + IM Low,
Soy and Soy + IM High diet groups, respectively. However, feed utili-
zation parameters and protein retention were not significantly influ-
enced by insect meal supplementation. Survival rate ranged between
97.3 and 100% and were not significantly different among diet groups.
Among the measured somatic indices only condition factor (CF) was
significantly influenced by insect meal supplementation and Soy + IM
High diet group showed significantly lower CF compared to other dietary
groups.

3.2. Whole-body composition of major nutrients and amino acids

The whole-body major nutrients (moisture, protein, lipid, ash) were
not significantly influenced by dietary treatment groups (Table 6).
Several whole-body amino acids (arginine, histidine, threonine, valine,
alanine, aspartic acid and glycine) were significantly influenced by
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Table 4
Primers and probes used for one-step quantitative real-time (RT-PCR).
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Genes Primers (5'-3")

Probes Accession numbers

Fatty acid synthase, FAS Fw: 5'- GCCAGCGTGCCATGTTC -3

Rv: 5'- GGGCCGTTGAAGTCAAAGAA-3'

Fatty acid binding protein, FABP
Rv: 5'- CTTGCTTATCCTGGTGAGGGTT-3'

Elongase, Elovl

Fw: 5-AGAGAAGTTCTCCCACATCAGAGA-3'

Fw: 5'-CTGATGTACTCTTACTATGGGCTCTCT-3'

5'-CCAACCGACTCTCC-3' XM_021576228

5'-TCACTGCGGCCTCAAC-3' XM_020500137.2

5'-CCTTGCGGCCCTATCT-3' AY605100

Rv: 5'- AACTGAATCAGCTGTACTTGTGTGA-3'

Delta —6- desaturase, A6 desaturase

Fw: 5'-GAC CAT GTT TTC ACA ACG GAA CTG-3'

5'-CATGACGGCGACTACC-3' AY458652

Rv: 5'- CAG AAG AAG CGA AGG TAG AAA GTC A-3

Fw: 5'-CTGGGCCACATCC-3’
Rv: 5'- CCAAAGCCAGGGCCTCTAG-3’
Fw: 5'-CCC TCT TCC AGC CCT CCTT-3'

Delta —5- desaturase, A5 desaturase

Beta-actin, f act

5'-GCCTCCTGTTCTTCAGCCTCTA-3' XM_014170388

5'-CCGCAA GACTCC ATACCGA-3' AF254414

Rv: 5'- AGT TGT AGG TGG TCT CGT GGA TA-3'

Table 5
Growth performance, feed utilization and somatic parameters of rainbow trout
fed with experimental diets for 70 days*

Table 6
Analyzed whole body proximate (% wet basis) and amino acids composition
(AVG, % DM) of rainbow trout fed test diets for 70 days.

Variables Diet groups Parameters Initial ~ Diet groups
Fishmeal Soy Soy + IM Soy + IM Fishmeal Soy Soy + IM Soy + IM
Low High Low High
Initial weight 32.0 £0.01 32.0 £0.01 32.0 £0.01 32.0 £0.01 Moisture (%) 75.52 66.98 + 67.70 £ 66.61 + 67.96 +
Final body weight 186.61 + 174.02 + 184.71 + 170.04 + 0.39 0.93 0.22 0.72
1.89° 0.44" 2.78" 0.55" Protein (%) 13.40 16.89 + 16.72 + 17.23 + 16.61 +
Weight gain (%) 483.15 + 443.82 + 477.22 + 431.37 = 0.12 0.53 0.25 0.37
5.89" 1.37¢ 8.69° 1.71% Lipid (%) 7.94 13.81 + 13.58 + 14.64 + 13.41 +
Specific growth rate 2.524+0.02" 242+ 2.51 + 2.39 + 0.35 0.53 0.11 0.62
(%/day) 0.00" 0.03" 0.07¢ Ash (%) 2.19 217 + 2.07 + 217 + 2.19 +
Feed intake 151.18 + 147.42 + 154.88 + 144.30 + 0.02 0.01 0.08 0.02
1.15 6.55 0.94 1.32 Amino acids
Feed efficiency 1.03 + 0.01 0.97 £ 0.05 0.99 £ 0.02 0.96 + 0.01 Cysteine (Cys) 4.93 4.72 + 4.61 + 4.73 + 4.82 +
Protein efficiency 2.38 £0.01 2.25+0.11 2.29 £ 0.03 2.23 £ 0.02 0.14 0.06 0.12 0.06
ratio Isoleucine (Ile) 1.88 2.34 + 2.15 + 2.46 + 2.45 +
Protein retention 40.32 + 37.71 £ 39.83 + 37.94 + 0.49 0.27 0.11 0.09
(%) 0.35 0.66 0.40 1.39 Leucine (Leu) 4.05 4.03 + 3.90 + 417 + 4.08 +
Survival (%) 100 + 0.00 98 + 2.00 100 + 0.00 97.33 £ 0.15 0.16 0.05 0.16
1.33 Lysine (Lys) 4.75 4.30 + 3.47 £ 4.81 + 4.48 +
CF* 1.48 +0.02" 1.45 + 1.49 + 1.39 + 0.97 0.64 0.06 0.13
0.02% 0.01°% 0.02" Methionine 1.13 0.83 + 0.92 + 1.16 £ 1.14 +
HSI® 1.24 + 0.06 1.19 £ 0.03 1.22 + 0.04 1.15 £+ 0.02 (Met) 0.19 0.17 0.02 0.03
VSI¢ 10.34 + 10.63 + 10.78 + 10.94 + Tyrosine (Tyr) 3.47 4.01 + 3.59 + 4.18 + 3.87 £
0.56 0.25 0.35 0.48 0.34 0.27 0.31 0.42
« K . Alanine (Ala) 2.84 2.80 + 3.09 £ 3.63 + 3.51 +
Means (n = 3) in the same row that share the same superscript are not sta- 0.04% 0.30% 0.06° 0.09°
tistically different (P > 0.05; Completely Randomized Design, One-factor Aspartate 3.66 3.45 + 413 + 5.45 + 5.8 +
ANOVA; Tukey’s HSD test). (Asp) 0.15° 0.61%° 0.11° 0.18°
2 Condition factor (CF, %) = weight of fish / (length of fish)3 x 100. Glutamate 12.01 11.79 + 11.05 + 11.41 + 11.0 +
b Hepatosomatic index (HSI, %) = weight of liver / weight of fish x 100. (Glw) 0.34 0.08 0.21 0.34
© Viscerasomatic index (VSI, %) = viscera weight/fish weight x 100. Glycine (Gly) 265 278+ 3.59 £ 4.64 + 4.50 +
0.07° 0.53% 0.05° 0.11°
Proline (Pro) 2.33 2.54 + 2.44 + 2.08 + 2.10 £
insect meal supplementation (Fig. 1). These amino acid contents were 0.11 0.32 0.02 0.13
significantly higher in insect meal supplemented groups compared to the Serine (Ser) 2.10 1.99 + 2,02+ 233+ 2.27 £
fish fed the fishmeal control and Soy diets. 0.06 0.13 0.05 0.04
>"Amino acid 60.12 57.90 + 56.48 + 65.02 + 63.16 +
2.59 3.77 1.02 1.82

3.3. Fatty acid composition of muscle (fillet) and hepatic tissue

Tables 7 and 8 and Figs. 2 and 3 show the fatty acids composition of
the rainbow trout fillet and hepatic tissue. The fatty composition of the
muscle and liver were influenced by the insect meal as well as the in-
clusion of alternative protein. In comparison to the Soy diet, insect meal
supplemented groups showed significantly higher fillet a-linolenic acid
content and fish fed Soy + IM pig diet group showed similar fillet
a-linolenic acid content to fish fed the fishmeal control diet. Total SFA,
PUFA, DHA and EPA + DHA content in fillets were not significantly
influenced by insect meal inclusion, but fish fed the soy-based basal diet
and insect meal supplemented diet showed significantly higher content
of these fatty acids in comparison to high FM-based positive control diet
(Fig. 2a, b). In contrast, the positive control diet group showed signifi-
cantly higher total MUFA and EPA/DHA ratio compared to fish fed other

dietary groups (Fig. 2b). Total EPA and ARA content showed no signif-
icant difference among dietary groups. Liver total SFA, PUFA, EPA +
DHA, ARA, DHA were not significantly influenced by dietary treatment.
Soy + IM o diet group showed significantly higher liver total MUFA but
did not differ significantly from the positive control diet group (Fig. 3a).
Insect meal inclusion at both high and low levels significantly reduced
EPA content in liver (Fig. 3b); whereas, the ratio of EPA to DHA was
significantly lower only when high insect meal was included (Soy + IM
high)-

3.4. Hepatic lipid metabolism-related genes expression

The relative mRNA (RT-qPCR) expression of hepatic fatty acid



Md.S. Hossain et al.

Fish meal

5.5+ [ Soy

5.0 Soy+IM_ow
45 &2 Soy+IMyign
4.0+
3.5
3.0
2.5
2.0
1.5+
1.0+
0.5
0.0:

Amino acids (% DM)

Aquaculture 544 (2021) 737096

Arginine

Histidine

L) L)
Threonine Valine

Fig. 1. Whole-body amino acid compositions in rainbow trout fed test diets for 10 weeks. Values with different letters within dietary treatment comparisons are

significantly different (P < 0.05). Error bars denote standard error.

Table 7
Fatty acid composition of the total lipid fraction (% of total fatty acids) in
rainbow trout fillet, (n = 9).

Fatty acids Diet groups

Type Name Fishmeal Soy Soy + Soy +
IM ow IM high
Saturates
C14:0 Myristic acid 3.35 &+ 3.28 + 333+ 3.24 +
0.07 0.15 0.14 0.22
C16:0 Palmitic acid 14.64 + 2074+ 1936+  19.56 +
0.81° 0.69°b 0.76° 0.20°
C18:0 Stearic acid 496 + 4.79 £ 5.04 + 5.71 +
0.09° 0.10° 0.13° 0.19°
FSAT? 22.95 + 2881+ 2774+ 2852+
0.80° 0.83° 0.87° 0.29°
Monoene’s
Cl6:1 Palmitoleic acid 5.23 + 4.09 + 4.07 + 3.96 +
0.08" 0.19° 0.16° 0.19°
C18:1n- Oleic acid 23.38 + 19.63 + 19.65 + 18.69 +
9 0.19° 0.82° 0.76° 0.63°
C20:1n- 11-Eicosenoic acid 12.56 + 7.50 £ 8.51 + 7.45 +
9 0.62° 0.50° 0.53° 0.26"
C22:1n- Erucic acid 5.70 + 3.19 + 3.87 + 3.68 +
9 0.78" 0.24° 0.29° 0.16°
EMUFAP 46.86 + 3441+ 3610+ 3378+
1.48° 1.66" 1.68° 1.13°
Polyunsaturated
C18:2n- linoleic acid 8.50 + 7.04 + 7.31 + 7.69 +
6 0.19° 0.37° 0.42° 0.36°°
C22:5n- Docosapentaenoic 1.98 + 1.64 + 1.73 £ 1.73 £
3 acid 0.08" 0.05° 0.05° 0.09°
DHA/ 1.81 + 315+ 2.67 + 2.93 +
EPA 0.16° 0.21% 0.13" 0.12°

@ SAT: Saturated fatty acid.
> MUFA: Monounsaturated fatty acid.

metabolism related genes fatty acid elongase, fatty acid desaturases (A5
and A6 desaturase), FABP and FAS in rainbow trout fed different
experimental diets are presented in Fig. 4. Fish fed Soy + IM 1 diet
group showed significantly higher A5 desaturase expression compared
to other dietary groups. Fatty acid elongase and FABP expression pattern
were not influenced by IM supplementation, and no significant differ-
ence was observed among the diet groups. Relative expression of A6
desaturase was significantly higher in basal (Soy) diet group and did not
differ significantly from fish fed the Soy + IM o, diet followed by
positive control (Fishmeal) and Soy + IM 1, diet. FAS expression was
significantly higher in Soy (basal) and Soy + IM o, diet groups
compared to Soy + IM pigy and the positive control diet groups.

3.5. Serum antioxidant enzyme activity, total serum protein and glucose
content

Fish fed the Soy diet showed significantly higher SOD enzyme ac-
tivity compared to insect meal supplemented groups and high FM-based
positive control group (Fig. 5). Higher insect meal inclusion significantly
reduced GPX activity compared to other dietary groups, whereas no
significant difference was recorded in the CAT activity among the di-
etary groups (Fig. 5). Total serum protein content was not significantly
influenced by dietary treatment groups. Significantly higher serum
glucose levels were observed in fish fed the positive control diet
compared to other treatment dietary groups (Fig. 6).

4. Discussion

In the current study, replacement of FM with alternative protein
sources, as well as the inclusion of BSFL meal, did not make any
remarkable changes in the nutritional composition (amino acids and
fatty acids) of the test diets. The limiting amino acids in soy protein
(lysine and methionine) were supplemented in the soy-based basal diet
and IM supplemented diets during formulation so as to overcome the
limitation of amino acids. Overall, the dietary formulation satisfies the
recommended dietary nutrients requirements of rainbow trout (NRC,
2011).

In the present study low insect meal inclusion of the soy-based diet
significantly increased the growth performance of fish and fish fed the
low insect meal supplemented diet (Soy + IM 1,y) were found to have
similar final body weights and % weight gain as the fish fed the high FM-
based positive control diet. The efficacy of insect meal inclusion as a FM
substitute in several fish feeding trials has successfully demonstrated
that fish growth performance is not negatively influenced by the inclu-
sion of insect meal as certain levels of substitution for FM protein (Lock
et al., 2016; Cummins et al., 2017; Magalhaes et al., 2017; Renna et al.,
2017; Belghit et al., 2018; Dumas et al., 2018; Elia et al., 2018; Fisher
etal., 2020). In a recent study, Fisher et al. (2020) reported BSFL meal as
a potential, sustainable and high protein feed ingredient for salmonid
diets. However, high inclusion of insect meal either as a FM substitute or
as a practical protein source to supplement FM failed to increase the
growth performances of rainbow trout in the current study and has also
been noted in other previous studies on several fish species including
salmonids (St-Hilaire et al., 2007; Kroeckel et al., 2012; Gasco et al.,
2016; Fisher et al., 2020). Fisher et al. (2020) reported that, Atlantic
salmon fed BSFL meal included diets at a level of >300 g kg™* did not
perform as well as fish fed BSFL meal included diet at a level 0 to 200 g
kg™!. In fresh water Atlantic salmon, up to 600 g kg~ of BSFL meal in
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Table 8
Fatty acid composition of the total lipid fraction (% of total fatty acids) in
rainbow trout liver (n = 9).

Fatty acids Diet groups

Type Name Fishmeal Soy Soy + Soy +
Miow  IMhigh
Saturates
C14:0 Myristic acid 2.04 £ 1.83 2.27 2.07
0.07%° + + +
0.05" 0.12° 0.09%°
C16:0 Palmitic acid 15.10 + 15.61 14.80 15.91
0.26%° + + +
0.40°* 041"  0.32°
C18:0 Stearic acid 6.74 + 6.98 6.41 7.15
0.14 + 0.17 + 0.22 + 0.59
SSAT? 23.88 + 24.42 23.47 25.13
0.26 + 0.34 + 0.43 + 0.76
Monoenes
Cl16:1 Palmitoleic acid 2.64 + 2.33 3.06 2.14
0.23%° + + +
0.19" 0.25" 0.12°
C18:1n-9 Oleic acid 17.42 + 16.22 19.77 16.56
1.01% + + +
0.85" 1.12° 0.58"
C20:1n-9 11-Eicosenoic acid 6.27 + 5.48 6.33 4.76
or Gondoic acid 0.35% + + +
0.29%  0.46° 0.14"
C22:1n-9 Erucic acid 1.56 + 1.22 1.73 0.99
0.13% + + +
0.12*¢  0.20° 0.08°
SMUFA® 27.90 + 25.25 30.88 24.46
1.69%° + + +
1.38" 1.95° 0.75"
Polyunsaturate
C18:2n-6 linoleic acid 3.05 + 4.05 4.23 4.49
0.11° + + +
0.14° 0.21° 0.12°
C18:3n-3 a-Linolenic acid 0.34 + 0.35 0.37 0.35
0.01 + 0.01 + 0.02 + 0.02
C20:2n-6 Eicosadienoic acid 0.84 + 1.15 1.03 1.20
0.03¢ + + +
0.06®®  0.05" 0.05"
C20:3n-6 Dihomo-y-linolenic 0.33 + 0.45 0.42 0.44
acid 0.01° + + +
0.02° 0.03" 0.03"
C22:5n-3 Docosapentaenoic 1.91 + 1.86 1.77 1.43
acid 0.04 + + +
0.05° 0.08" 0.05"
DHA/EPA 4.04 £ 3.93 4.40 5.10
0.15" + + +
0.13" 0.20° 0.8

% SAT: Saturated fatty acid.
Y MUFA: Monounsaturated fatty acid.

combination with black soldier fly oil has been included in the diets
without affecting the growth performance or the feed utilization
compared with diets containing FM and SPC (Belghit et al., 2018). A
considerable reduction in growth was also observed in blue tilapia
(Oreochromis aureus) when fed fresh larvae of whole or chopped BSF
(Bondari and Sheppard, 1987). The same trend was observed by
Kroeckel et al. (2012) who reported a negative effect on growth of turbot
juveniles (Psetta maxima) when the amount of BSFL meal in the diet
increased from 330 to 756 g kg *. BSFL cuticle is a product composed of
chitin (1.6% to 7.3%) in a matrix with cuticular proteins, lipids and
other compounds (Sheppard et al., 1994; Diener et al., 2009). High
incorporation of insect meal in fish diet can result in a high level of chitin
(St-Hilaire et al., 2007; Kroeckel et al., 2012; Barroso et al., 2014) which
may interfere with the digestive processes and thereby decrease feed
efficiency and food intake with subsequent negative impacts on growth
for several species. Kroeckel et al. (2012) reported reduced growth and
feed intake with the 10% inclusion of chitin in rainbow trout diet.
Karlsen et al. (2017) also reported reduced growth rate and apparent
protein digestibility when chitin content increased from 1% to 2%, and
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5% in salmon diets. Although digestibility of nutrients were not
measured in the current study, reduced growth and feed utilization
parameters in fish fed the high insect meal included diet suggests high
levels of chitin in this diet may have contributed to the reduced fish
performance in that group. In contrast to the negative effects of a high
level of chitin on aquatic species, dietary chitin has also been shown to
have a beneficial effect on intestinal microbiota in Atlantic salmon
(Askarian et al., 2012), which suggests that this dietary component
could have a positive effect on growth at low dietary levels, and our
findings with trout fed a low BSFL meal diet substantiate the above
findings.

In general, the BSFL meal amino acid (indispensable and dispens-
able) profile is comparable to FM (Nogales-Mérida et al., 2019).
Although we formulated diets considering amino acid balance and
formulated the diets such that all analyzed amino acids levels would be
similar among diet groups, the significantly higher whole body amino
acids (arginine, histidine, threonine, valine, alanine, aspartic acid and
glycine) content in the insect meal supplemented groups might be due to
better digestibility, absorption, utilization and bioavailability of those
amino acids in insect meal than SPC. Fisher et al. (2020) also reported
BSFL meal as slightly more digestible compared to other commercially
used plant-based ingredients (SBM and corn protein concentrate, CPC)
and also showed higher absorption of micronutrients in Atlantic Salmon
which strongly supports our hypothesis regarding the higher deposition
of certain amino acids found in the muscle of rainbow trout in the
present study. Higher deposition of those amino acids was also indicated
by the numerically higher protein retention obtained in the current
study (Table 5), especially in the low insect meal incorporated diet
group.

In the current study, muscle fatty acid compositions showed a
remarkable change after feeding insect meal supplemented diets as well
as FM replaced with the alternative plant protein based basal diet. In
comparison to the positive control diet, fish in the other dietary groups
had significantly higher and lower fillet saturated and monounsaturated
fatty acid content, respectively (Fig. 2a). The higher total SFA was due to
the higher saturated fatty acid content in the insect meal as well as in
plant ingredients. Although insect meal inclusion had no significant
effect on EPA and ARA content in fish fillet, comparison with fish fed the
FM positive control diet, soy-based basal diet and low and high insect
meal included groups showed significantly higher EPA + DHA and total
PUFA. This phenomenon was further revealed by the activity of A6 and
A5 fatty acid desaturase which were invariably higher in those diet
groups. Significantly decreased mRNA expression levels of A5 and A6
desaturases in the FM positive control group was likely due to feedback
inhibition effects resulting from higher levels of EPA and DHA in the FM
positive control diet. Previous studies have also reported that high di-
etary concentrations of EPA and DHA have been reported to inhibit the
pathway responsible for LC-PUFA synthesis in fish (Tocher et al., 2000;
Jordal et al., 2005; Teoh and Ng, 2016).

FABP are intracellular cytoplasmic proteins that are active in the
transport of fatty acids and other lipid-soluble substances throughout
the cytoplasm (Torstensen et al., 2009; Castro et al., 2015). In this study,
the relative mRNA expression of FABP was not significantly influenced
by dietary treatment. Related to this study, no significant differences
were noted in the hepatic FABP gene expression of European seabass
(D. labrax) fed vegetable oil blend and fish oil (Castro et al., 2015). Fatty
acid synthase plays a crucial role in the synthesis of fatty acids and its
activity could be correlated with dietary saturated fatty acid composi-
tion. In our study, FAS expression was significantly higher in Soy and
Soy + IM o diet groups, and this correlated with higher SFA levels in
these diets. Similar to our study, Peng et al. (2017) reported higher FAS
expression in turbot when fish fed diets substituting fish oil with vege-
table oils, and this was also related to higher SFA levels in those diets.

Liver fatty acid compositions were not significantly influenced by
dietary treatments, except for liver EPA, total MUFA and EPA/DHA
(Fig. 3a,b). Significantly lower liver EPA content in insect meal


Reviewer#
Highlight


Md.S. Hossain et al.

% of total fatty acids

Aquaculture 544 (2021) 737096

Fillet

Fish meal
[ Soy
Soy+IM| on
Soy+IMyigh

Fish meal
[ Soy

9 Soy+IM_ oy
B2 Soy+IMyign

% of total fatty acids

(@)

EPA+DHA

Fillet

(b)

Fig. 2. a,b. Fillet fatty acids composition (% of total fatty acids) in rainbow trout fed test diets for 10 weeks. Values with different letters are significantly different (P

< 0.05). Error bars denote standard error.

supplemented groups indicated higher conversion of liver EPA to fillet
EPA which is also confirmed by higher EPA content of fish fillet fed
insect meal supplemented diets. The high content of lauric acid in the
insect-based diets likely led to a decreased liver lipid storage compared
to when the fish fed a control diet without insects (Belghit et al., 2019).
In the current study, overall liver fatty acid composition of the total lipid
fraction (% of total fatty acids) showed lower values specially > SFA in
the low insect meal included diet.

Dietary BSFL meal did not significantly influence serum glucose
content of fish, but in comparison to the fishmeal based positive control
diet, insect meal-included diets and the soy-based basal diets resulted in
significantly lower values. Dumas et al. (2018) also reported no signif-
icant effect of BSFL meal inclusion on blood glucose content in rainbow
trout. Significantly higher glucose content in the positive control diet
group might be due to higher levels of wheat flour incorporated into the
positive control diet compared to other dietary treatments. The total
protein content, which is considered an indicator of nutritional status
(McCarthy et al., 1973), was not significantly affected by insect meal
inclusion in the present study. Mikotajczak et al. (2020) also reported no
significant effect of hydrolyzed insect meals on serum protein content in
sea trout fingerling (Salmo trutta m. trutta) diets. According to Panettieri
et al. (2020), variations in the total protein content in the blood serum of
fish can be a response to a number of physiological changes, i.e., tissue
injury or destruction, differences in blood volume and plasma hydration
and organism response to stress conditions. In the present study,
numerically higher total serum protein in fish fed the soy-based basal

diet might be due to intestinal tissue injury or stressful physiological
conditions of fish fed this particular diet. However, to confirm this hy-
pothesis intestinal histological analysis is necessary, which also warrants
further investigation.

SOD, CAT and GPx are important antioxidant enzymes which help in
protecting cells against ROS-triggered damage in fish (Yu et al., 2019;
Fawole et al., 2020). Superoxide dismutase generates HoO2 from cell
generated superoxide radicals which are toxic to the body. In the present
study, the activity of SOD was significantly higher in fish fed the soy-
based basal diet compared to other dietary groups. The increased ac-
tivity indicates some level of stress (Fawole et al., 2020) associated with
the addition of the alternative soy protein. In the present study, catalase
activity followed the same trend of SOD activity and non-significantly
higher CAT activity observed in the soy- based basal diet group. Insect
meal inclusion reduced the GPx activity, and it was significantly lower in
fish fed the high insect meal supplemented diet. As GPx and CAT
perform similar functions, reduced activity of these enzymes in insect
meal supplemented groups indicates a lower number of precursors
(H203) available for the activity of GPx and CAT in these diet groups.
Simultaneously, these situations also indicate lower oxidative stress is
occurring in the insect meal included diet groups.

In conclusion, dietary low inclusion of BSFL meal (8%) of a high soy-
based diet significantly improved the growth performance of rainbow
trout. Addition of BSFL meal significantly increased some of the whole-
body amino acids (arginine, histidine, valine and threonine) and
a-linolenic fatty acid. A significantly higher hepatic gene expression
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Fig. 3. a,b. Liver fatty acids composition (% of total fatty acids) in rainbow trout fed test diets for 10 weeks. Values with different letters are significantly different (P
< 0.05). Error bars denote standard error.
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Fig. 4. Relative expression of hepatic lipid metabolism-related genes in rainbow trout fed test diets for 10 weeks. Values with different letters are significantly
different (P < 0.05).

pattern for A5 desaturase was reported in the low BSFL meal incorpo- Credit author statement

rated group, while A6 desaturase and FAS were significantly higher in

fish fed Soy (basal) and Soy + IM Low diet groups. Finally, we conclude
that BSFL meal inclusion at low levels (8%) is beneficial for increased
growth and select fatty acid restoration in soy-based diets of rainbow
trout.
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