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This study was conducted to determine the effect on growth performance and intestinal RESEARCH ARTICLE
histomorphology of the rainbow trout (Oncorhynchus mykiss) fed diets including black . )

soldier fly (Hermetia illucens) prepupae meal (HI) and mealworm (Tenebrio molitor) Received  :09.03.2022
larvae meal (TM) used instead of fish meal. Six diets with Hl and TM at three inclusion Revised :20.07.2022
levels (10%, 20% and 30%) and a control diet based on fish meal were prepared. Test Accepted - 25.08.2022
diets were encoded as control, HI10, HI20, HI30, TM10, TM20 and TM30. Fish P T
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fibreglass tanks. Each of the seven diet treatments was tested in triplicated tanks. Fish ' )
were fed by hand at a level of 2.5% of body weight three times a day for 90 days. DOI:10.17216/LimnoFish.1081945

Results demonstrated that the growth performance and intestinal histomorphology
were significantly affected by black soldier fly (HI) prepupae meal substitution * CORRESPONDING AUTHOR
(p<0.05). HI prepupae meal used instead of the fish meal had a negative effect on the
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performance and intestinal histomorphology were significantly affected by diets

including TM. The diets containing 20% and 30% TM meal significantly decreased

growth performance variables, but intestinal villi length increased. The results suggest

that mealworm meal (10%) can be included in diets of rainbow trout at a level of 10%

instead of fish meal without adversely affecting growth performance. Future studies

should be expanded using a highly defatted TM and HI larvae meals.
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Gokkusagi alabahig (Oncorhynchus mykiss) yemlerinde balik ununa alternatif olarak
bocek unu: Siyah asker sinegi (Hermetia illucens), Un kurdu (Tenebrio molitor)

Oz: Bu galigma balik unu yerine siyah asker sinegi (Hermetia illucens) prepupa unu (HI) ve un kurdu (Tenebrio molitor) larva unu (TM)
ile beslenen Gokkusagi alabaligi (Oncorhynchus mykiss) nin biiyiime performansi ve bagirsak histomorfolojisi tizerine etkisini belirlemek
icin yapilmustir. Bu amagla, ti¢ farkli seviyede (%10, %20 ve %30) HI ve TM igeren alt1 diyet ve balik unu esasli bir kontrol diyeti test
edilmistir. Test diyetleri sirasiyla Kontrol, HI10, HI20, HI30, TM10, TM20 ve TM30 olarak kodlanmistir. Baliklar (ortalama baglangig
agirhgr 34,17+0,88 g) 500 L'lik fiberglas tanklarda (112x112 cm kare, 40 cm derinlikte) rastgele (her biri i¢in 30) dagitilmistir. Yedi
muamele 3 tekerriirlii olarak denenmistir. Baliklar 90 giin boyunca giinde ii¢ kez viicut agirliginin %2,5'i oraninda elle beslenmistir. Bityiime
performansi ve bagirsak histomorfolojisi ile ilgili veriler siyah asker sinegi (HI) prepupae unu ikamesinden dnemli 6l¢iide etkilendigini
gostermistir (p<0,05). Balik unu yerine kullanilan BSF prepupa unu bilyiime performansi iizerinde olumsuz bir etki gostermist ancak
bagirsak villus uzunlugu tizerinde olumlu etki gostermistir. Ek olarak, %10 veya %20 HI prepupa unu igeren diyetle beslenmede bagirsak
villus genisligi azalmigtir. Biiylime performansi ve bagirsak histomorfolojisi, diyetsel un kurdu unu diizeylerinden 6nemli 6lgiide
etkilenmistir. Zira, %20 ve %30 un kurdu unu iceren diyetlerle beslemede baliklarin bityiime performansi azalirken, bagirsak villus uzunlugu
artis gostermistir. Sonuglar, biiylime performansi tizerinde herhangi bir olumsuz etki gostermeksizin balik unu yerine un kurdu ununun
(%10) kullanilabilecegini gostermistir. Bununla birlikte, ilerideki ¢aligmalarm yag yiiksek oranda alinmis un kurdu ve siyah asker sinegi
larva unu kullanimi {izerine genisletilmesi onerilerilebilir.

Anahtar kelimeler: Yetistiricilik, alabalik, besleme, biiytime, villus
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Introduction

Agquaculture is the fastest-growing food-
producing sector globally, with worldwide finfish
production increasing by 90% during the last decade
(Rimoldi et al. 2019). The expansion of the
aquaculture industry means an increase in the need
for high-quality fishmeal, especially for carnivorous
species (Secci el al. 2019). One of the most critical
issues that threatens the sustainability and further
growth of intensive aquaculture of carnivorous
species is the dependence on fishmeal and fish oil in
aquafeeds (Cardinaletti et al. 2019). Given that this
resource is now limited with the decrease in global
availability and the rising price, the aquaculture
industry is forced to find more sustainable and cost-
effective alternatives to fish meal (Secci el al. 2019).
Protein-rich vegetable raw materials used in practical
diets for carnivorous fish species have many
drawbacks such as relatively low protein content,
unbalanced essential amino acid profiles, low
palatability, presence of antinutrients and
competition with other food-feed industry sectors.
Nutritional strategies are being developed to find
other alternatives to fishmeal and improve the use of
plant protein-based diets (Magalhaes et al. 2017).
Fishmeal and soybean meal widely used as protein
sources in aquaculture feeds have become
unsustainable due to the progressive depletion of
wild marine fish stocks and the considerable
environmental cost of protein-rich plant cultivation.
The most promising animal alternatives to fish meal
are nonruminant by-product meals and insect meals
(Rimoldi et al. 2019). Compared to conventional
animal protein, insects have several advantages such
as cultivability on discarded organic by-products
with low water input, high feed conversion
efficiency, emission of low levels of greenhouse
gases and ammonia, few animal welfare issues, and
low risk of transmitting zoonotic infections
(Magalhaes et al. 2017). Edible insects are
considered potential feed source because they contain
quality protein and other nutrients (Su et al. 2017).
Insects grow and reproduce quickly, have high feed
efficiency, do not compete with humans and other
farm animals, and are part of the natural diet of many
species (laconisi et al. 2019). Yellow mealworm
(Tenebrio molitor) is among authorized insect
species for nutrition, and it feeds on several grains,
flour, and derived products. Yellow mealworm
larvae can be easily cultured with low-nutritive plant
and animal waste products, and they are
commercially used as pet food for birds and reptiles
or fishing baits.

T. molitor larvae meal having 47-60% protein
and 31-43% lipids (Henry et al. 2018) was used as a
feed ingredient for several fish species such as

gilthead sea bream (Sparus aurata) (laconisi et al.
2019; Piccolo et al. 2017), vyellow catfish
(Pelteobagrus fulvidraco) (Su et al. 2017), rainbow
trout (Oncorhynchus mykiss) (Chemello et al. 2020;
Henry et al. 2018), common catfish (Ameriurus
melas) (Roncarati et al. 2015). Taking into account
the fish growth performance and the diets nutrient
utilization, T. molitor is suitable for the partial
replacement of fish meal in aquafeeds for
a variety of fish species such as African catfish,
tilapia, yellow catfish, common catfish, rainbow
trout, European sea bass, gilthead sea bream,
blackspot sea bream, and red seabream (laconisi et al.
2019). The attention of the aquafeed industry has
mainly been directed to the use of insects since
compared to other animal protein sources, they, in
particular, flies show several advantages (Rimoldi et
al. 2019). In recent years, research and risk
assessment studies have also been carried out on the
larvae of the Hermetia illucens (Dumas et al. 2018).
Its potential as a feed ingredient has been reported for
poultry, pigs, Atlantic salmon, channel catfish and
blue tilapia, Nile tilapia, rainbow trout and turbot
(Stadtlander et al. 2017). The crude protein and crude
lipid contents of H. illucens larvae meal can vary
from 40 to 54% and 15 to 49% (dry matter basis),
respectively, depending on the substrates used to
grow the insect larvae and processing methods
(Dumas et al. 2018). A major drawback in using H.
illucens meal is its lack of long-chain
polyunsaturated fatty acids such as EPA and DHA
and the presence of chitin. When 30% full-fat H.
illucens prepupae meal was used in channel catfish
and 15% in rainbow trout, a comparable growth
performance to fish fed on fish meal-based diets was
observed (Cardinaletti et al. 2019).

Many monitoring indices such as growth
performance, diet digestibility, liver enzyme
activities (Chemello et al. 2020), gut microbiota
(Rimoldi et al. 2019), fillet fatty acid profile (Secci et
al. 2019), blood biochemistry, liver and intestine
histology, gene expression of cytokines (Cardinaletti
et al. 2019), immune response, intestinal antioxidant
enzymes (Henry et al. 2018) have been carried out in
studies on rainbow trout. Even a study was also
conducted on the possible effect of soldier fly on
villus length and width (Dumas et al. 2018).
However, no study has been found on villi
histomorphology of TM, and the information
obtained about both insect types is quite limited.
With this study, the use of alternative insect meal in
fish diets will contribute to the investigation of the
gut absorption capacity. More studies are required to
better understand the nutritional values of HI and TM
for rainbow trout. Therefore, this study was planned
to determine the effects of diets containing full-fat HI
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and TM meals substitution of fishmeal on growth
performance and intestinal histomorphology in
rainbow trout (O. mykiss).

Materials and Methods

Fish and Trial Design

This study was carried out in a freshwater
research unit of Fisheries Research Institute, Elazig,
Tiirkiye. Rainbow trout (O. mykiss) used in the study
were obtained from a private commercial farm
located in Elazig. After 21 days of adaptation, fish
with an initial average weight of 34.17+0.88g were
randomly distributed to 500 L (112x112 cm)
experimental tanks with 40 cm depths. Each
experimental tank was stocked with 30 fish. Seven
experimental groups (Table 1), including a control
diet, three T. molitor meal diets with TM inclusion
levels of 10, 20 and 30% (coded as TM10, TM20,
TM30, respectively) and three H. illucens prepupae
meal diets with 10, 20 and 30% HI (coded as HI10,
HI20 and HI30), respectively were tested in the

study. All ingredients except the fish oil were mixed
and extruded, and then fish oil penetrated with
vacuum coating to feeds prepared. Trial feeds were
prepared in a private enterprise after the rations were
calculated. Feeds with 4 mm inner diameter were
kept at room conditions and in a cool environment
during trial period. Fish were fed by hand 2.5% of
body weight three times a day (08:30, 12:30 and
16:00) for 90 days. Each experimental treatment was
tested in  triplicate. = Water  temperature
(14.13+1.75°C), pH (8.60+0.32), oxygen (8.39+0.64
mg/l) and mortality were checked daily. The water
flow rate to each tank was adjusted to change the total
volume 20 times per day. The tanks were daily
cleaned by siphoning. 14 hours of darkness and 10
hours of light were applied. Fish were slightly
anesthetised with 50 mg L benzocaine (Oswald
1978) after by 16 hr of starvation for analyses. At the
end of the experiment, fish were randomly selected
from each tank and analyzed for growth performance
and histomorphologic measurements.

Table 1. Formulation and proximate composition of experimenteal diets (%)

Ingredients, % Control  HI10 HI20 HI30 T™M10 TM20 TM30
Fish meal® 30 20 10 0 20 10 0
Soybean meal 21 21 21 21 21 21 21
Sunflower meal 9 9 9 9 9 9 9

Pea protein 6 6 6 6 6 6 6
Wheat gluten 4 6.5 8.9 114 5.4 6.8 8.2
Wheat flour 9 8.4 7.9 7.3 8.8 8.6 8.4
Corn gluten 9 9 9 9 9 9 9
Black soldier fly? 0 10 20 30 0 0 0
Mealworm? 0 0 0 0 10 20 30
Fish oil 11 9.1 7.2 5.3 9.8 8.6 7.4
Vitamin mix* 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Mineral mix® 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Vitamin C 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Proximate composition

Crude protein 46.22 46.23 46.18 46.20 46.23  46.22  46.22
Crude lipid 15.35 15.36 15.38 15.39 1534 1535 15.36
Ash 8.77 8.81 7.71 7.50 6.60 8.62 8.54
Moisture 4.66 4.34 411 4.31 4.17 4.44 4.42

! Fish meal was a mixture of European sprat (Sprattus sprattus) and Atlantic herring (Clupea harengus) meals
containing 65 % of crude protein and 8.5 % of crude lipid.

2Black soldier fly contained approximately 53 % protein and 24 %lipid

¥ Mealworm contained approximately 45 % protein and 31 % lipid

4 Supplied the following (mg/kg diet): Vitamin A, 20000 1U, vitamin D 2000 1U, vitamin E 200 mg, vitamin
K3 12 mg, vitamin B1 20 mg, vitamin B2 30 mg, calcium D pantothenate 50 mg, vitamin B6 20 mg, vitamin
B12 0.05 mg, niacin 6 mg, folic acid 0.5 mg, biotin 200 mg, vitamin C 200 mg, inositol 300 mg

5 Supplied the following (mg/kg diet): coper sulphate 10 mg, manganese oxide 50 mg, cobalt mono-carbonat
0.15 mg, zinc oxide 50 mg, calcium iodate 0.8 mg, sodium selenite 0.15 mg, ferric sulphate 50 mg
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Diet Composisiton Analysis

Analysis of each diet was performed according to
the standard methods of Helrich (1990): crude
protein by Kjeldahl procedure, crude lipid by Soxhlet
method, ash by drying in a muffle furnace and
moisture using a forced-air oven.

Growth Indices
Growth performance was calculated using the
following equations.

Spesific growth rate (SGR) % = 100 x [(In Final
weight — In Initial weight) / days]

Weight gain (WG) = (In Final weight — In Initial
weight)

Feed conversion ratio (FCR) = (Feed intake /
Weight gain)

Survival rate (SR) = 100 x (Final number of fish
/ Initial number of fish)

Histomorphological Analysis

In histomorphological studies, tissues were cut as
1.0 cm pieces and placed into 10% formalin for
dehydration. In the dehydration process, tissues were
placed into cassettes and embedded in paraffin
blocks. Then, cooled paraffin blocks were cut with a
microtome equipped with the blade at Sum. The
tissue samples were transferred into slides and
stained with hematoxylin and eosin solutions.
Finally, stained samples were analyzed with ZEISS
Primostar HD Light microscope and evaluated using
an image processing system. Muscularis thickness,
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villi length (VL) and villi width (VW) were measured
from ten fish from each group for histomorphologic
analyses.

Data Analysis

Results were reported as means with standard
errors. Data were submitted to one-way analysis of
variance with SPSS 15. Duncan's multiple range test
was performed for the significance of differences of
means among the groups. The data were considered
significant at the P<0.05 level. Two-way ANOVA
analysis showed that the growth performance and
intestinal histomorphology affected both insect meal
and levels.

Results

Results are shown in Table 2, Table 3 and
Figure 1. The growth performance and intestinal
histomorphology were significantly influenced
by dietary TM, and HI meal supplementation
(P<0.05). Black soldier fly meal significantly
decreased the growth performance, including FBW,
FCR, WG and SGR. However, HI meal at a level of
10% did not affect feed intake. Besides, FI, FW,
FCR, WG and SGR in the group fed with control diet
were similar to those fed with dietary TM at a level
of 10% (p>0.05). TM meal at a level of 30%
significantly decreased the growth performance.
Additionally, TM meal at a level of 20% significantly
decreased the FW, WG and SGR. The growth
performance decreased with the increase of dietary
TM levels.
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Figure 1. Intestinal histology of Rainbow trout fed with mealworm meal and Black soldier fly meal (H&E,
10X)
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Table 2. Growth performance of Rainbow trout fed mealworm meal and black soldier fly meal
Two-way anova

ltems  Control HI10 HI20 HI30 TM10 TM20 TM30 variances
A B  AXB
IW 34334047  34.00+80.50  34.03+0.05 34314095 34224095  34.13+0.51  34.33%0.62 0939 0.920 0.988
FI 126984647 121.1743.99% 103.9242.28" 107.63+2.84° 124.89+3.822 121.60+1.81° 90.66+0.94° 0.958 0.000 0.000
FW 158924427  133.2543.8°  107.15+4.04% 122.83+1.15° 152.49+1.26® 135.3044.41°® 91.16+2.27¢ 0.000 0.000 0.000
FCR  1.09+0.10°  1.30+0.02° 1.53+0.08" 1.23+0.06® 1.12+0.042 1.29+0.06®  1.8940.16° 0.445 0.009 0.000
WG 124.58+4.6%  99.25+3.39°  73.12+4.03¢  88.51+2.07¢  118.27+0.42% 101.17+4.37° 56.83+2.28° 0.000 0.000 0.000
SGR  1.70+0.04? 1.52+0.02° 1.27+0.04¢ 1.4240.04¢ 1.66+0.022 1.53+0.04° 1.09+0.03* 0.005 0.000 0.000
SR 82.2242.94  82.22+4.01 84.44+1.11 90.00+1.92  83.33+1.93 84.45+222  81.1142.94 0.483 0571 0.143

Means with different superscript letters in a row are significantly different at p<0.05. IW (g): Initial body weight, FW (g):
Final body weight, FI (g): Feed intake, FCR: Feed conversion ratio. A: First independent variable (insect meal), B: Second
independent variable (levels), AxB: Interaction of two independent variables.

Table 3. Intestinal histomorphology of Rainbow trout fed mealworm meal and black soldier fly meal

Two-way anova
variances

Items Control HI10 HI20 HI30 TM10 TM20 TM30
A B AXB
Villi length 44324+12.60°  458.89+14.04°  446.30+£8.31°  442.66x14.60°  454.67£13.08°  501.21£9.77°  514.22+19.10° 0.001 0.244  0.015
Villi width 83.80+4.032 70.61+3.80P 69.20+3.04° 83.98+3.46* 73.51£1.85>  74.73+1.56®  68.66+3.88°  0.010 0.308  0.003
Serosa 31.35+2.41% 20.18+1.01° 26.68+2.39°  31.89+2.88% 36.89+2.828  31.31£1.57%  30.63+2.15®  0.002 0.839 0.371
Muscularis 45.52+4.04 33.02+1.68¢ 41.8042.14°  49.55+3.52% 66.29+3.29° 54.1543.06°  48.1942.19°  0.000 0.851  0.000
Submucosa 24.40+2.58% 21.48+0.67° 22.60+1.33° 22.72+1.44° 29.07£1.782 26.45+1.28% 2596191  0.001 0432 0.001

Means with different superscript letters in a row are significantly different at p<0.05. A: First independent variable (insect
meal), B: Second independent variable (levels), AxB: Interaction of two independent variables.

Intestinal villi width of fish fed with control diet
were similar to those fed with dietary HI30.
Similarly, muscularis thickness of fish fed with
control diet was similar to those on HI20 and HI30.
When intestinal histomorphological results were
examined, groups fed with 20% and 30% TM had
higher VL than the control group. While the highest
VW was seen in the group fed with the control diet,
the highest muscularis thickness was obtained in the
group fed with TM10.

Discussion

Insect meal is a good candidate as a substitute
for fishmeal in aquaculture feeds, and research on
their use in fish feeds has revealed encouraging
results (Roncarati et al. 2015). Among these
potential sources, mealworm is considered a good
alternative for the partial replacement of fish meal in
the different fish species (Chemello et al. 2020).
Besides, Terova et al. (2021) found that without
causing negative effects on rainbow trout gut
microbial communities, mealworm larvae meal is a
valid alternative animal protein to replace fish meal
in the aquafeeds. The addition of mealworm larvae
meal instead of the fish meal does not have a negative

effect on the growth performance of sea bream
(S. aurata) (Piccolo et al. 2017), rainbow trout
(O. mykiss) (Chemello et al. 2020), Yellow catfish
(P. fulvidraco) (Su et al. 2017). African catfish fed a
diet including 80% mealworm meal of fish meal
showed a good growth and feed efficiency
(Su et al. 2017). Although insect meal added to
rainbow trout feeds had no effect on weight gain, feed
conversion ratio and specific growth rate were
significantly higher in TMO since feeding rate was
significantly higher in TMO than TM50 (Belforti et
al. 2015). In our study, T. molitor did not have a
negative effect on the growth performance when
included 10%. Studies on the effects of mealworm
larvae meal on intestinal physiology in fish are
lacking. Our results obtained with 20% and 30%
mealworm were similar to those of Zadeh et al.
(2019), who found that mealworm increased villi
length in jejunum supplemented Japanese quails
(Coturnix japonica). Besides, our results with
mealworm at the level of 20% and 30% agree with
the results of Roncarati et al. (2015), who reported
that feeding with a dietary mealworm in substitution
of 50% of fish meal decreased the final body weight
of rainbow trout.
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Black soldier fly has been recognized as a
potential candidate ingredient due to its rich protein
and lipid contents (Katya et al. 2017). However, the
successful inclusion of black soldier fly into aquatic
feeds depends on the fish species and the
characteristics of insect derivatives (Dumas et al.
2018). Jia and Hing (2017) reported that black soldier
fly prepupae meal alone could substitute fish meal as
a protein source in the fish diet. Similarly, Magalhaes
et al. (2017) found that BSF can be included in the
diets of European sea bass juveniles up to 19.5%,
replacing 45% of fish meal. Similar results were also
obtained in juvenile mirror carp (Cyprinus carpio
var. specularis) (Xu et al. 2020) and rainbow trout
(Cardinaletti et al. 2019; Stadtlander et al. 2017).
Magalhaes et al. (2017) stated that the addition of
high levels (45%) of black soldier fly to the diet
reduces the growth performance of channel catfish,
Ictalurus punctatus, rainbow trout and turbot,
Scophthalmus maximus. However, Stamer et al.
(2014) reported that black soldier fly meal with 75%
fish meal substitution decreased growth performance,
including FW, WG, SGR and FCR. Similarly, in our
study, dietary inclusion of full-fat black soldier fly
meals significantly decreased growth performance.
In a previous study, Dumas et al. (2018) reported that
feeding with 6.6% and 13.2% black soldier fly larvae
meal did not affect the growth performance of
rainbow trout. In an additional study, Katya et al.
(2017) reported that feeding with diets formulated to
replace fish meal using processed black soldier fly
larval meal at 100% decreased FCR, SGR and WG in
juvenile barramundi (Lates calcarifer). Diets
containing 6.6%, 13.2% and 26.4% Black soldier fly
larva meal had no impact on villi length and villi
width of the posterior intestine of rainbow trout, but
villi in the anterior intestine of trout fed 26.4% black
soldier fly larva meal was significantly lower
compared to the control diet (Dumas et al. 2018). In
our study, intestinal villi length in the middle section
did not change, while villi width was significantly
reduced when fish fed with diets containing10% and
20% black soldier fly larvae prepupae meal. We used
full-fat insect meal to test diets in the study.
Therefore, the difference in the results obtained in the
studies may be due to adding partially defatted insect
meal to the diet.

In conclusion, dietary 10% TM meal can be used
instead of fish meal without adversely affecting
growth performance. Moreover, diets containing 20
and 30% mealworm meal may have a potential to
increase intestinal villi length. However, to obtain
more effective results from the studies to be carried
out on mealworm and black soldier fly meal, it is
necessary to expand the experimental studies by

highly reducing the lipid content of mealworm and
black soldier fly larvae meal.
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