Effects of Black Soldier Fly,
Hermetia illucens (Linnaeus, 1758),
Larvae Incorporated Feed on

ASIAN
FISHERIES
SCIENCE

Journzl of the Asian Fisherias saciety

and Blood Chemistry of Cultured
“ Fishes: A Review

MANIYANGAMAGE KASUN CHATHURANGA PRIYADARSHANA*, CHAMINDA
NIROSHAN WALPITA, HETTIPALA ARACHCHIGE DARSHANEE RUWANDEEPIKA,
MANJULA PRIYANTHA SUMITH MAGAMAGE

Department of Livestock Production, Faculty of Agricultural Sciences, Sabaragamuwa University of Sri Lanka,
Belihuloya 70140, Sri Lanka

© Asian Fisheries Society
Published under a Creative Commons
license

E-ISSN: 2073-3720 ) ) )
https://doi.org/10.33997/}.afs.2022.35.3.005 *E-mail: kasunc@agri.sab.ac.lk |Received: 01/07/2022; Accepted: 18/09/2022

Abstract

Inadequate availability and unreasonable prices made fish meal an unreliable feed ingredient in aquaculture.
Consequently, researchers have tested different plant and animal-derived protein sources as an option over the fish
meal. The black soldier fly, Hermetia illucens(Linnaeus, 1758), larva, has been identified as a reliable protein source for
fish meal replacement. Many studies have revealed the growth and microbiological impacts of H. illucens larvae as a
protein source in finfish culture. However, a review of knowledge on histopathology, haematology and microbial
changes modulated by H. illucens larvae when incorporated as a feed ingredient in finfish aquaculture is not available.
Therefore, this study reviews the effects on the histopathology, haematology and gut-microbial properties of finfish
fed diet incorporated with H. illucens larvae. A review of different finfish species tested up to 100 % inclusion of H.
illucens larvae meal in their diets revealed mixed results in blood chemistry, gut microbiota, and gut histology. Most
studies stated common positive effects such as reduced plasma cholesterol levels, increased microbial diversity, and
increased intestinal absorption up to 50 % incorporation level. Despite the possibility of incorporating H. illucens larvae
meal without any negative impacts on some carnivore fish species, most studies disclosed adverse effects beyond 50
% fish meal replacement due to high chitin and crude fat levels in H. illucens larval diets.
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Introduction The expectations of aquaculture producers to reduce
feed costs and purchase animal proteins with health
benefits and low risk of contaminants (Naylor et al.,
2009) have led to an increased focus on alternatives
for fishmeal (Olsen and Hasan, 2012). Numerous
possibilities have been discovered to replace fishmeal

with protein, derived from a range of non-fish sources

Fishmeal has remained the primary feed ingredient for
protein supplementation in the aquaculture industry
for decades due to its high digestibility and balanced
nutritional attributes. Fishmeal is widely accepted as a
suitable source foranimal feeds sinceitisarich source

of proteins, lipids, minerals, and vitamins. Millions of
tonnes of fishmeal are usually manufactured from
wild-caught, small marine fish that contain a high
percentage of bones and oil(Miles and Chapman, 2012).
Fears have been raised regarding using fishmeals in
aquaculture with concerns of adding more pressure to
wild fisheries (Allan, 2004). With predictions of further
growth in the aquaculture sector (Brugére and Ridler,
2004; Terova et al., 2021), there is an ongoing argument
that the practice of feeding fish to fish’is inefficient and
wasteful (Milewski, 2002).

such as by-products from land animal processing,
microalgae, zooplankton, plants, bacteria and insects
(Priyadarshana et al., 2021).

Insects possess the capacity to upgrade low-quality
organic material, require minimal water and cultivable
land, and emit little greenhouse gases(van Huis, 2013).
Among the potential insect species for aquaculture
feed preparation, Hermetia illucens (Linnaeus, 1758),
was identified as a suitable fishmeal replacer due to its
suitability for large-scale production (Li et al., 2020)
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and balanced amino acid profile similar to fishmeal
(Barroso et al., 2014). The fat level and fatty acid profile
of black soldier fly larvae (BSFL) were highly variable
with the nature of the substrate used for themto grow
(St-Hilaire et al., 2007). However, Priyadarshana et al.
(2021) observed varying degrees of success in studies
on several finfish species in which fish meal was
substituted with different levels of BSFL meal. These
positive and negative effects of BSFL inclusion seem
to be modulated by gut microbiota(Rimoldi et al., 2019;
Terova et al., 2019), haematology (Magalhdes et al.,
2017; Abdel-Tawwab et al., 2020) and histomorphology
(Lock et al., 20186; Liet al., 2019) of the digestive system
in various finfish species. This review presents the
effects of BSFL incorporated diets on gut microbiota,
haematology and histomorphology of the digestive
system in finfish aquaculture.

The high fat and chitin content in BSFL were the
possible causes behind the diverse growth
performances in  different  finfish  species
(Priyadarshana et al., 2021). The digestive tract
sections in fish exhibit many adaptations in both
structure and function related to their feeding habits
and evolutionary position (Moraes and de Almeida,
2020). Especially in the case of chitin-like nitrogenous
polysaccharides, they must be further broken down by
chitinolytic enzymes i.e., chitinases and chitobiases,
before being utilised. Though some fish inherit the
ability to break down chitin governed by chitinolytic
enzymes, most fish do not exhibit that ability (Ringe et
al., 2012). Thus, the investigation of the use of BSFL as
a dietary component on intrinsic factors, i.e., gut
microbiota, haematology and histomorphology of the
digestive system, is essential to illustrate the diverse
growth performances (Priyadarshana et al., 2021).

Effects of H. illucensLarval Meal
Incorporated Diets on Histo-
morphological, Gut Microbial and
Haematological Aspects of Finfish

Effects of H. illucens larval meal
incorporated diets on histomorphology
of digestive system of finfish

Numerous studies have evaluated the effects of
incorporating BSFL meal on gut histomorphological,
gut microbial and haematological aspects. Table 1
summarises histomorphological changes observed in
finfish fed by different levels of BSFL meal.

Effects on histomorphology of digestive system of
carnivorous finfish species

Changes in the digestive system of finfish species
have been evaluated over different feed ingredients
with plant (Agbebi et al., 2013; Ogueji et al., 2020) and
animal origins (Akhter, 2015). Finfish species such as
North African catfish, Clarias gariepinus (Burchell,
1822), tested using different feed ingredients, i.e.,
craib leaf (Lysiphyllum strychnifolium (Craib, 1924))
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extracts (Munglue and Dasri, 2015), cashew nut
(Anacardium  occidentale Linnaeus, 1753) meal
(Iheanacho et al., 2018), doum plant (Hyphaene
thebaica (Linnaeus,1753)) fruit powder (Al-Khalaifah et
al., 2020) showed many adverse effects on the
digestive system of carnivorous finfish (Krogdahl et al.,
2003). Positive results in the increase of height and
perimeter of gut mucosal folds were obtained with a 30
% BSFL replacement of fishmeal fed to C. gariepinus
fingerlings (Talamuk, 2016). Nutrient uptake increases
with the enlarged mucosal surface area, causing a
positive impact (Huiling et al., 2012).

Blood vessel endothelium of Atlantic salmon, Salmo
salar Linnaeus, 1758, fed up to 100 % BSFL meal
incorporated diets, was observed normal, without any
signs of perivenule bleeding and vacuolisation in
parenchyma (Lock et al., 2016). Furthermore, the
midgut epithelium was normal, no loss of structural
changes or inflammation in the muscularis(Lock et al.,
2018). Similarly, Li et al. (2019) revealed no evidence of
significant histopathological alterations among S.
salar pre-smolts fed with 100 % BSFL diet. They
reported no signs of local inflammatory response with
BSFL diet groups. However, a distinct hyper-
vacuolisation was observed in the proximal intestine of
S.salar fed with the fishmeal diet, while that effect was
less prevalent in BSFL diet groups(Li et al., 2019; Li et
al., 2020). As Ismaiel et al. (2015) reported, the
bioactive components in H. illucens larvae were the
possible reason for intestinal hyper-vacuolisation. Li
et al. (2020) reported a substantial effect of steatosis
in the proximal and distal intestines of S. salar. The
root cause of steatosis is poor nutrient absorption,
which results in a condition known as floating faeces
(Penn, 2011). This nutrient malabsorption or steatosis
was predominantly associated with  high-fat
deposition in the lumen of the intestine (Bonvini et al.,
2015).

A noticeable increase in villus width, enterocyte width
and microvilli height were observed in juvenile
Barramundi Lates calcarifer (Bloch, 1790), fed with 45
% poultry by-product meal (PBM)+10 % H. illucens (HI)
(Chaklader et al., 2019). Moreover, they observed a
remarkable size reduction in adipocytes at the same
feeding, whereas no significant effects were observed
between control and 90 % PBM + 10 % HI diets
(Chaklader et al., 2019).

Up to 64 % incorporation of BSFL meal in juvenile
Japanese seabass Lateolabrax japonicus, (Cuvier,
1828), diets showed no impairments in microvilli
structure, villus length, goblet cell count, muscular
thickness (Wang et al., 2019). However, they observed
a vacuolar degeneration in the hepatocytes, with the
incorporation of BSFL meal beyond 16 %.

Poma et al.(2017) revealed the high chitin content of H.
illucens meal as a possible cause of vacuolar
degeneration. In contrast, the fish meal replacement
with soybean meal showed muscle thickness and villus



Table 1. Effects of different per cent inclusion of black soldier fly, Hermetia illucens, larvae meal on histomorphology of digestive

system of finfish species.

Finfish species

BSFL inclusion level
(% of fish meal
replacement)

Effects on histomorphology of digestive system

Reference

North African catfish

Clarias gariepinus(Burchell,
1822)fingerling

Barramundi

Lates calcarifer(Bloch, 1790)
juvenile

Siberian sturgeon Acipenser
baerii Brandt, 1869 juvenile

Atlantic salmon
Salmo salar Linnaeus, 1758
post-smolt, pre-smolt

Japanese seabass
L ateolabrax japonicus
(Cuvier, 1828)juvenile

Common carp
Cyprinus carpio Linnaeus,
1758 juvenile

Rainbow trout Oncorhynchus
mykiss (Walbaum, 1792)
fry, juvenile

Zebra danio
Danio rerio
(Hamilton, 1822)
whole life cycle

Upto 30 %

10 %

Uptob0 %

Upto 100 %

Upto64 %

Upto 100 %

Upto75%

Upto 100 %

No negative effects until 30 % inclusion.
Slightly increased mucosal fold height and
perimeter with BSFL incorporation up to 30 %

No negative effects until 45 % poultry
byproduct meal (PBM)+10 % HI(H. illucens)
inclusion. Increased villus and enterocyte width
and microvilli height at 45 % PBM +10 % HI

No negative effects on liver and spiral valve
histology until 37.5 % defatted BSFL meal
inclusion. Reduced thickness in muscular layer
at 15 % BSFL incorporation.

No negative effects until 100 % inclusion. No
signs of hyper-vacuolisation with BSFL
incorparation. Insignificant mild hepatic
steatosis at 100 % fishmeal replacement

No impairments observed in villus length, villus
width, inherent thickness, muscular thickness
and gablet cells per villus up to 64 %. Slight
vacuolar degeneration in hepatocytes beyond 16
%

No negative effects until 50 % inclusion. Mild
hepatic necrosis in liver beyond 50 % and
irreqular shaped hepatocytes, and apoptotic
cells with small pyknotic nuclei at 100 %
fishmeal replacement

No negative effects until 50 % inclusion.
Mucosal cell count augmentation and thickened
muscularis up to 75 % BSFL incorporation.
Higher liver lipid accumulation beyond 50 %
inclusion

No negative effects until 50 % inclusion. No
intestinal inflammation was observed even at
100 % BSFL incorporation. General hepatic
steatosis beyond 75 % inclusion and
intracellular lipid accumulation at 14 and 21-
days of feeding

Talamuk(2016)

Chaklader et al.
(2019)

Caimi et al.(2020);
Jozefiak et al.
(2019a)

Lock et al.(2016);
Lietal.(2019); Li
et al.(2020)

Wang et al. (2019)

Liet al.(2017)

Renna et al.
(2017); Elia et al.
(2018); Dumas et
al.(2018);
Cardinaletti et al.
(2019);

Vargas et al.
(2018);
Zarantoniello et
al.(2019)

height reduction(Zhangetal., 2018). Ostaszewska et al.
(2010) revealed that deficiencies in the amino acid
profile as the possible reason for the adverse
conditions in the intestinal epithelium. As Alegbeleye
et al. (2011) described, retarded absorption of amino
acids correlated with the high chitin contents,
especially ininsect meals.

No significant alterations were reported in the
intestinal structure, i.e., villus height of submucosa of
rainbow trout, Oncorhynchus mykiss (Walbaum, 1792),
fed with BSFL meal incorporated diets up to 50 %
(Renna et al., 2017). Mild changes in glycogen
deposition in the liver, white pulp hyperplasia and
haemosiderosis in the spleen were observed among
fishmeal and BSFL meal diet groups. However, up to 50
% of BSFL meal incorporation showed no substantial
changes in gut histopathology, i.e., mucins and villus

fragments, in 0. mykiss(Elia et al., 2018).

Contrary, Cardinaletti et al. (2019) announced a
remarkable increase in fat accumulation in the
hepatocytes at 50 % BSFL incorporation. Further, they
reported a shortened intestinal fold length in the
medium tract of the intestine and the presence of
goblet cells that produce neutral mucins with BSFL
meal incorporation. Furthermore, Dumas et al. (2018)
revealed that the villi in the anterior intestine were
notably shorter than the control at 26.4 % BSFL
incorporation. The villus length correlated with weight
gain, fat accumulation and lipid absorption (Taylor et
al., 2021); thus, shorter villi might lead to poor growth
performances. Uptoa37.5 % BSFL meal incorporation
while replacing 50 % dietary fishmeal is suggested for
Siberian sturgeon Acipenser baerii Brandt, 1869,
without any impairments in liver and spiral valve
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histopathology (Caimi et al., 2020). However, Jozefiak
et al.(2019a) claimed that the thickness of the mucosal
layer remarkably increased in A. baerii fed with 15 %
Tenebrio molitor Linnaeus, 1758. In contrast, the
thickness was reduced with 15 % BSFL meal
incorporation. Maoreover, thickness of the muscular
layer also notably increased with T. molitor, not with
BSFL incorporation. However, thickened muscularis is
considered to positively impact digestion and
absorption (Sarvestani et al., 2015) and, together with
thickened mucosa, serve as an adaptation for better
utilisation of insect diets (Guilbard et al., 2007).

Effects on histomorphology of digestive system of
omnivorous finfish species

There are several reports evaluating the effects of
different feed ingredients on the gut histomorphology
of omnivorous fish. For instance, Cyprinus carpio
Linnaeus, 1758, has been tested by feeding plant
protein sources such as soybean meal (Zhang et al.,
2012). Furthermore, some studies focused on using
animal protein sources such as Musca domestica
Linnaeus, 1758, larva (Ogunji et al., 2011) and defatted
Bombyx mori Linnaeus, 1758, pupae (Zhang et al., 2013)
foromnivorous finfish species. However, feeding trials
regarding BSFL meal on C. carpio juveniles discovered
some mild hepatic necrotic signs in the liver at 75 %
and 100 %. Moreover, debris was found in the microvilli
beyond 50 % fishmeal replacement by BSFL meal (Li et
al., 2017).

Hepatic steatosis is an excessive accumulation of
triglycerides in the hepatocytes (Wang et al., 2006).
The hepatic steatosis was found among zebrafish
Danio rerio (Hamilton, 1822) at 100 % (Vargas-Abundez
et al., 2018)and beyond 75 % (Zarantoniello et al., 2020)
BSF prepupae incorporated diets. Feeding BSF
prepupae grown on corn meal-fruit and vegetable
mixture (50:50) resulted in intracellular lipid
accumulationin D. rerio at 14 and 21-days of feeding
(Vargas-Abundez et al., 2018). However, no intestinal
inflammation was observed among D. rerio, even up to
a 100 % BSFL meal incorporation (Zarantoniello et al.,
2020). Ample amounts of medium-chain saturated
fatty acids (MCSFA) in insect diets were found as a
potential cause of the hindered inflammatory activity
(Lichtenstein et al., 2010). Moreover, Vargas-Abundez
et al.(2018) found a vast number of mucous cells in the
intestine of D. rerio fed with BSF prepupae that are
grown on corn meal-fruit and vegetable mixture
(50:50). Increased mucosal cell count is an indication
of the intestinal inflammation (Séderholm et al., 2002).

It can be concluded that micro morphological
alterations and inflammatory activities in the finfish
intestine are mainly associated with the chitin levelsin
BSFL meals. In addition, the high-fat content in BSFL
meals  directly influenced hepatocytic lipid
accumulation. Therefore, incorporation levels beyond
75 % were ineffective for most finfish species
(Zarantoniello et al., 2019).
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Effects of H. illucens larval meal
incorporated diets on finfish gut
microbiota

Several reports evaluate the influence of different
dietary ingredients on the gut microbiota of different
livestock species (Borrelli et al., 2017; Kawasaki et al.,
2019) and finfish species (Ringg and Olsen, 1999;
Bolnick et al., 2014; Ringg et al., 2016). Moreover, the
gut microbiota of H. illucens larvae has also been
investigated, and Actinobacteria (Actinomyces spp.),
Firmicutes (Bacillus spp.), Proteobacteria (Providencia
spp.), Bacteroidetes (Dysgonomonas spp.) were found
to be the key inhabitants (Bruno et al., 2019). Table 2
shows the effects of BSFL meal incorporated diets on
finfish gut microbiota.

Effects on gut microbiota of carnivorous finfish species

Mycoplasma (Zarkasi et al., 2014; Jin et al., 2019),
Aliivibrio (Karlsen et al., 2017; Fogarty et al., 2019) and
Borrelia spp. (Godoy et al., 2015; Zarkasi et al., 2016)
have beenidentified as the key intestinal inhabitants of
the wild and captively reared S. salar.

When S. salar was fed with a 10 % BSFL diet, at the
phylum level, the results showed a higher abundance
of Firmicutes, Actinobacteria, Proteobacteria and
Tenericutes in  intestinal  digesta  samples.
Spirochaetes, Proteobacteria, Firmicutes,
Tenericutes and Actinobacteria were the major
inhabitants in intestinal mucosa samples (Li et al.,
2021). The above-mentioned microbial groups have
also beenreportedin BSFL gut microflora(Bruno et al.,
2019). The abundance of Actinobacteria (Actinomyces)
(Beier and Bertilsson, 2013) and Firmicutes (Bacillus)
(Cody, 1989), was almost positively related to chitin
degradation.

In contrast to the findings of Li et al. (2021), chitinase
activity or the presence of chitinolytic bacteria were
not found in the midgut of turbot Psetta maxima
(Linnaeus, 1758) with up to 76 % BSFL incorporation in
their diets, even though they primarily feed on
crustaceans. The absence of chitinolytic bacteriain P.
maxima could be due to prolonged exposure to chitin-
free diets(Kroeckel et al., 2012).

Monopterus albus (Zuiew, 1793) fed with 7.5 % fishmeal
replaced(15.78 % BSFL incorporation) diets showed an
increase in Proteobacteria spp., where the increment
was significant at the 7.5 % fishmeal replacement.
Further, Hu et al. (2020) reported a reducing trend in
Firmicute spp. where the reduction was remarkable at
the 7.5 % fishmeal replacement. The Proteobacteria to
Firmicutes ratio was related to dietary lipid
assimilation (Marques et al., 2015).

Intestinal mucosa of 0. mykiss fed with partially
defatted BSFL meal (up to 50 %), showed a notably
higher microbial diversification, with the highest
biodiversity at 25 % BSFL group. Proteobacteria and



Table 2. Effects of different per cent inclusion of black soldier fly larvae (BSFL) meal on the gut microbiota of diverse finfish species.

BSFL inclusion rate

Finfish species (% of fish meal Effects on gut microbiota Reference
replacement)
Atlantic salman 10 % No negative effects until 10 % inclusion. Lietal. (2021)
Salmo salar Linnaeus, Clear differences in microbial communities
17568 sea water phase of intestinal digesta and mucosa
Asian swamp eel Upto7.5% No negative effects until 7.5 % fishmeal Hu et al. (2020)
Monopterus albus (Zuiew, replacement Remarkable increase in gut
1793)juvenile Proteabacteria and reduction in gut
Firmicutes

Rainbow trout Upto50 % No negative effects until 50 % inclusion. Bruni et al.(2018);
Oncorhynchus mykiss Increased microbial diversity with the BSFL ~ Huyben et al. (2019);
(Walbaum, 1792) incorporation Jozefiak et al. (2018b);
fry, juvenile Rimoldi et al.(2019);

Terova et al.(2019)
Turbot Upto76 % No negative effects until 76 % inclusion. No  Kroeckel et al.(2012)
Psetta maxima chitinase enzyme activity or chitin
(Linnaeus, 1758) degrading bacteria
juvenile
/ebra danio 100 % Increased gut microbial alpha diversity with /arantoniello et al.
Danio rerio the incorporation of H. illucens meals (2019)
(Hamilton, 1822)

whole life cycle

Actinobacteria phyla dominated the intestinal mucosa
samples. However, amongst those phyla, Aeromonas
rivipollensis was the only group of abundant microbes
in the fish meal incorporated diet group. In contrast,
Acinetobacter spp. Brevundimonas spp.,
Pseudomonas spp.,  Carnobacterium  divergens,
Citrobacter qgilleni, Curtobacterium flaccumfaciens,
Delftia acidovoran, and Kluyvera intermedia were
predominantly found in BSFL diet groups. The phyla
Proteobacteria and Firmicutes dominated the digesta
samples of 0. mykiss juveniles (Bruni et al., 2018).
Further, at the phylum level, the abundance of
Firmicutes in 0. mykiss gut was notably increased with
a 30 % BSFL and defatted BSFL diet groups. Moreover,
the Actinomycetales and Lactobacillales order
increased in the 30 % pre-pupae and larvae diet groups
(Huyben et al., 2019). As reported by Rimoldi et al.
(2019), a higher bacterial diversity was also associated
with the incorporation of BSFL (up to 30 %) into the
diets of 0. mykiss, where Mycoplasma was the
predominant genera. However, a reduction in the
relative abundance of genera-Proteobacteria was
observed. At the same time, the abundance of
Actinobacteria phylum remarkably increased with the
BSF prepupae diet groups of up to 30 %.

Furthermore, it was emphasised that the BSF prepupa
meals positively modify fish gut microbiota in terms of
richness and diversity while increasing the host-
beneficial bacteria, i.e., lactic acid and butyrate-
producing bacteria counts (Terova et al., 2019).
Moreover, Aerococcaceae, Lactobacillaceae,
Enterococcaceae and Leuconostocacea were the
most common LAB families found in BSFL-fed O.
mykiss. In addition, Rimoldi et al. (2019) reported

reduced counts of Gram-negative bacteria, namely
Shewanellaceae, Neisseriaceae and Enterobacteriaceae
at 20 % BSFL meal incorporation. However, the phyla
Actinobacteria, Firmicutes, Proteobacteria and
Tenericute mainly dominated the core gut microbiota
of 0. mykiss (Desai et al., 2012; Wong et al., 2013;
Ingerslev et al., 2014a; Ingerslev et al., 2014b; Lyons et
al., 2017a; Lyons et al., 2017b).

Especially, LAB in finfish gut microbiota has a positive
impact on health, as they are capable of secreting
bacteriocin-like compounds which can suppress
pathogenic microbial activities (Merrifield et al., 2010;
Dimitroglou et al., 2011; Gudifa et al., 2015). Similarly,
the incorporation of insect meals of Blatta lateralis
(Walker, 1868), H. illucens, Gryllodes sigillatus (Walker,
1868) and T. molitor Linnaeus, 1758, led to a high gut
microbial diversity and amplification of beneficial
bacteria in 0. mykiss (Jozefiak et al., 2019b). Moreover,
the abundance of Clostridium spp. i.e., C. coccoides,
was beneficial because they could perform unique
functions, including homeostasis regulation in the
finfish gut and suppression of invasive microbes
(Frank et al., 2007; Ye et al., 2014; Kurakawa et al.,
2015). High availability of chitin in the later stages of
BSF, i.e., early and late prepupa (Xiao et al., 2018), and
prebiotic properties of fermenting chitin (Rimoldi et
al., 2019) in the fish gut were the possible reasons
behind higher microbial diversity. In addition, Choi et
al.(2012), Wu et al. (2012), Jozefiak and Engberg(2017),
Vogel et al. (2018), discovered a prominent
antimicrobial activity of BSFL meal extracts against
Gram-negative bacterial families, i.e., Shewanellaceae,
Neisseriaceae and Enterobacteriaceae.
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Effects on gut microbiota of omnivorous finfish
species

Reports of much higher diversity in the gut microbiota
of omnivorous finfish species occur similar to the
carnivorous finfish species. Beyond 50 % of full-fat
BSF prepupal meal incorporation in zebrafish diets
showed the highest gut microbial alpha diversity.
Further, the availability of Vibrio and
Mycoplasmataceae  was  retarded  with  the
incorporation of BSF prepupal meal, whereas
Cetobacterium spp. was the most prevalent taxon
(Zarantoniello et al., 2019). Brugman et al. (2014)
reported that T-lymphocytes in zebrafish gut can
suppress the outgrowth of Vibrio spp. Furthermore,
Zarantoniello et al. (2019) revealed that BSF prepupal
meal incorporated diets could stimulate genes(il10, illb
and 340 tnfa) coupled with immune response, and thus,
capable of suppressing the activities of virulent
pathogens. The high chitin and fat content associated
with BSFL meals were the possible reasons for high
gut microbial activity (Tran et al., 2015; Sypniewski et
al., 2020).

A highly diversified microbial population affects gut
health, whereas poor microbial diversity allows the
amplification of antagonistic pathogens(Sekirov et al.,
2010; Apper et al., 2018). Acinetobacter spp. like
synergistic bacterial species, plays a vital role in
nutrient digestion(Ramirez and Romero, 2017; Wang et
al., 2018). Moreover, Acinetobacter species secrete
amylase, cellulase, chitinase and phytase-like
enzymes that inhibit the growth and development of
Vibrio spp. (Askarian et al., 2012). Besides,
Carnobacterium spp. can boost specific immunity and
promote protein and carbohydrate digestion
(Mansfield et al., 2010; Ringg et al., 2010; Al-Hisnawi et
al., 2015). Butyrogenic activity associated with
Clostridium spp. i.e., C. cluster also benefits finfish
health (Koh et al., 2016; Pryde et al., 2002; Esquivel-
Elizondo et al., 2017). Moreover, most studies have
revealed that high fat and chitin in BSFL act as the key
determinants of the high microbial diversity and the
growth of beneficial gut microflora for the host.

Effects of H. illucens larval meal
incorporated diets on finfish
haematology

Several studies were conducted to elucidate the effect
of BSFL meal on the haematological parameters of
finfish species, as summarised in Table 3.

Effects on carnivorous finfish haematology

Unigue haematological properties were observed
among different finfish species such as Argyrosomus
regius(Asso, 1801), C. gariepinus, Oreochromis niloticus
(Linnaeus, 1758), hybrid, Sparus aurata Linnaeus, 1758,
and Totoaba macdonaldi(Gilbert, 1890), for the dietary
ingredients; soybean (Trejo-Escamilla et al., 2017),
spirulina(Raji et al., 2018), canola(Zhou and Yue, 2010),
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poultry by-product (Karapanagiotidis et al., 2018) and
chicken feathers (Psofakis et al., 2020). The blood
chemistry of finfish has also been investigated using
insect-based protein sources. As claimed by Freccia et
al. (2018), overall performance together with plasma
protein concentrations notably increased with the
incorporation of speckled cockroach (Nauphoeta
cinerea(Qlivier, 1789))in the diets of Nile-tilapia.

Incorporating 75 % BSFL in the diet of C. gariepinus
revealed that haematological parameters
(haemoglobin content, white blood cell (WBC) and
erythrocyte (RBC) count, mean corpuscular
volume (MCV), packed cell volume (PCV), mean
corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), lymphocytes,
monocytes and neutrophils) remained unaffected
(Fawole et al., 2020). However, triglyceride and total
bilirubin contents were markedly lower in 50 % BSFL
diet group.

Haemoglobin, haematocrit, MCV, MCH, MCHC, total
serum protein, albumin, globulin, serum alanine
aminotransferase, aspartate and plasma cell counts
were not affected in European bass, Dicentrarchus
labrax (Linnaeus, 1758), fry with up to 50 % fish meal
replacement by BSFL meal (Abdel-Tawwab et al.,
2020). Despite the cholesterol, the rest of the plasma
metabolites, i.e., plasma glucose, total proteins, and
triglycerides, remained unaffected for the fishmeal
and BSFL meal diets(up to 45 % fishmeal replacement)
fed to D. labrax. Plasma cholesterol levels were
remarkably reduced with the replacement of fishmeal
by 45 % (Magalhdes et al., 2017). Similarly, plasma
cholesterol, triacylglycerol, high-density lipoprotein
cholesterol and malondialdehyde levels of L. japonicus
were comparably lower in the defatted BSFL meal diet
of up to 64 % than fishmeal diet group (Wang et al.,
2019).

The presence of chitin(Diener et al., 2009) and MCSFA
(Li et al., 2017) in diets was investigated as a possible
cause of plasma cholesterol depletion. Chitosan, a
chitin derivative, can bind with cholesterol micelles
(Khoushab and Yamabhai, 2010) to restrict cholesterol
uptake(Shiauand Yu, 1999; Chen et al., 2015). However,
according to Hu et al. (2017), plasma cholesterol and
nitric oxide (NO)levels significantly increased at a 30 %
fishmeal replacement with BSFL meal in yellow catfish
Pelteobagrus fulvidraco (Richardson, 18486), while the
inhibition of superoxide radical anion formation was
significantly reduced (Hu et al., 2017). Kaushik et al.
(1995) described that dietary cholesterol content
significantly influences plasma cholesterol levels.
Nitric oxide is a harmful compound that can cause
oxidative stress in organisms (Turko et al., 2001). Park
etal., (2014) reported a high radical scavenging activity
in BSFL and BSF pupa extracts and, therefore, can
arrest the formation of NO. Nonetheless, Hu et al.
(2017) reported that at a 30 % fish meal replacement
rate, the antioxidant activity of BSFL was insufficient
to suppress NO formation in P. fulvidraco.



Table 3. Effects of different per cent inclusion of black soldier fly (BSFL)meal on haematology of different finfish species.

Finfish species

BSFL inclusion
rate (fish meal
replacement)

Effects on haematology

Reference

North African catfish Upto75 % Triglyceride and total bilirubin contentswere  Fawole et al.(2020)
Clarias gariepinus(Burchell, significantly lowerin 50 % BSFL diet group
1822) fingerling
European seabass Up to 50 % No negative effects on haematology until 50 Magalhaes et al.
Dicentrarchus labrax(Linnaeus, % fishmeal replacement. Plasma cholesterol  (2017); Abdel-
1758) fry, juvenile level reduced with the BSFL incorparation Tawwab et al.
(2020)

Japanese seabass Lateolabrax Uptob4 % Plasma cholesterol, triacylglycerol, high Wang et al.(2019)
japonicus(Cuvier, 1828)juvenile density lipoprotein cholesterol and

malondialdehyde levels were reduced at 48 %

and 64 % fishmeal replacement
Mozambique tilapia Oreochromis - Plasma cholesterol level and erythrocyte Ushakova et al.
mossambicus (Peters, 1852) sedimentation rate reduced. Increments in (2018); Ushakova et
fry, juvenile plasma haemoglobin and glucose levels al.(2018)
Nile tilapia Oreochromis niloticus  Up to 100 % White blood cell count, erythrocyte count, Tippayadara et al.
(Linnaeus, 1768) fingerlings haemoglobin, haematocrit, mean (2021)

corpuscular volume, mean corpuscular

haemoglobin concentration, red blood cell

distribution width and platelet values were

not affected up to a 100 % fishmeal

replacement
Danube sturgeon Acipenser = Increased plasma haemoglobin content Ushakova et al.
gueldenstaedtii Brandt & (2016)
Ratzeburg, 1833 fry
Yellow catfish Pelteobagrus Upto30 % Plasma cholesterol and nitric oxide (NO)levels  Hu et al.(2017)

fulvidraco (Richardson, 1846)
juvenile

significantly increased at a 30 % fishmeal
replacement

Russian sturgeon Acipenser gueldenstaedtii Brandt
and Ratzeburg, 1833 juveniles, fed with a 0.2 %
probiotic mixture of Bacillus subtilis and a homogenate
of BSFL, indicated a remarkable increment in the
plasma haemoglobin content from 65 to 77 g per litre
(Ushakova et al., 2016). Elevated plasma haemoglohbin
content reflects perfect finfish health and activeness
(Ponomarev et al., 2002).

Effects on omnivorous finfish
haematology

Tippayadara et al.(2021) stated that the counts of RBC,
WBC, haemoglobin, haematocrit, MCV, MCHC, red
blood cell distribution width and platelet values were
not affected with up to 100 % fishmeal replacement by
BSFLM in O. niloticus. Nonetheless, for Mozambique
tilapia, Oreochromis mossambicus (Peters, 1852), the
incorporation of BSF prepupae into the diets at 0.5
g.kg'reduced plasma erythrocyte sedimentation rate
(ESR), while increasing plasma haemoglobin and
glucose levels (Ushakova et al., 2018). The absence of
gut inflammation and pathogenic activities were the
major reasons behind the lower ESR. Furthermore, 0.
mossambicus fed a0.25 % probiotic mixture of Bacillus
subtilis and a homogenate of BSFL showed a

significant reduction in plasma cholesterol levels
(Ushakova et al., 2016). However, elevated levels of
chitin in BSFL and prepupa meals seemed to act as a
beneficial factor regulating blood parameters such as
plasma haemoglobin content, RBC, WBC and ESR,
within the safe limits and beneficial for finfish blood
chemistry.

Conclusion

Species-dependent changes in haematology, qut
microbiota, and histomorphology of the digestive
system were observed with the incorporation of black
soldier fly larvae (BSFL) meal into finfish diets. Even
when up to 100 % BSFL meal was incorporated,
positive effects on blood chemistry, gut microbiota,
and histomorphology of the digestive system were
observed. The plasma cholesterol level was
significantly reduced in the majority of cases.
Amplification of the bacterial diversity was associated
with BSFL meal-included diets.In most cases, a
significant increase in mucosal thickness and
hepatopancreatic lipid accumulation were observed in
finfish intestines. Despite a few negative impacts on
some omnivore finfish species, gut microbiota,
haematology and histomorphology of the digestive
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system were positively affected by up to 50 %
inclusion. However, more studies would be essential
for further validation of the BSFL meal as a protein
source in finfish aquaculture.

Conflict of interest: The authors declare that they have
no conflict of interest.

Author contributions: M.K.C. Priyadarshana, C.N.
Walpita: Gathered the relevant literature, categorised
and tabulated the information. H.A.D. Ruwandeepika
and M.P.S. Magamage: Gathered the relevant
literature. All the authors wrote and edited the
manuscript.

References

Abdel-Tawwab, M., Khalil, R.H., Metwally, A.A., Shakweer, M.S., Khallaf,
M.A., Abdel-Latif, H.M.R. 2020. Effects of black soldier fly (Hermetia
illucens L.) larvae meal on growth performance, organs-somatic
indices, body composition, and hemato-biochemical variables of
European sea bass, Dicentrarchus labrax. Aquaculture 522:735136.
https://doi.org/10.1016/j.aquaculture.2020.735136

Agbebi, 0., Ogunmuyiwa, T., Herbert, S. 2013. Effect of dietary garlic
source on feed utilization, growth and histopathology of the African
catfish (Clarias gariepinus). Journal of Agricultural Science 5:26.
https://doi.org/10.5539/jas.vbn5p26

Akhter, Z. 2015. Utilization and growth performance of Nile tilapia fed
Asian latrine fly maggots. Master thesis, Norwegian University of Life
Sciences, pp. 11-25.

Alegbeleye, W., Obasa, S., Olude, 0., Otubu, K., Jimoh, W. 2011.
Preliminary evaluation of the nutritive value of the variegated
grasshopper (Zonocerus variegatus L.) for African catfish Clarias
gariepinus (Burchell. 1822) fingerlings. Aquaculture Research 43:412-
420. https://doi.org/10.1111/}.1365-2109.2011.02844.x

Al-Hisnawi, A., Ringg, E., Davies, S.J., Waines, P., Bradley, G., Merrifield,
D.L. 2015. First report on the autochthonous gut microbiota of brown
trout (Salmo trutta Linnaeus). Aquaculture Research 46:2962-2971.
https://doi.org/10.1111/are.12451

Al-Khalaifah, H.S., Khalil, A.A., Amer, S.A., Shalaby, S.I., Badr, H.A., Farag,
M.F.M., Altohamy, D.E., Rahman, A.N.A. 2020. Effects of dietary doum
palm fruit powder on growth, antioxidant capacity, immune response,
and disease resistance of African catfish, Clarias gariepinus (B.).
Animals 10:1407. https://doi.org/10.3390/ani10081407

Allan, G.L.2004. Fish for feed vs fish for food. Fish, aquaculture and food
security: sustaining fish as a food supply, 11 August 2004, Crawford
Fund. 8 pp. https://doi.org/10.22004/ag.econ.124068

Apper, E., Weissman, D., Respondek, F., Guyonvarch, A., Baron, F.,
Boisot, P., Rodiles, A., Merrifield, D.L. 2016. Hydrolysed wheat gluten
as part of a diet based on animal and plant proteins supports good
growth performance of Asian seabass (Lates calcarifer), without
impairing intestinal morphology or microbiota. Aquaculture 453:40-
48. https://doi.org/10.1016/j.aquaculture.2015.11.018

Askarian, F., Zhou, Z., Olsen, R.E., Sperstad, S., Ringg, E. 2012. Culturable
autochthonous gut bacteria in Atlantic salmon (Salmo salar L.) fed
diets with or without chitin. Characterization by 16S rrna gene
sequencing, ability to produce enzymes and in vitro growth inhibition
of four fish pathogens. Aquaculture 326-329:1-8.
https://doi.org/10.1016/j.aquaculture.2011.10.016

Barroso, F.G., Haro, C., Sdnchez-Muros, M., Venegas, E., Martinez-
Sanchez, A., Banén, C. 2014. The potential of various insect species
for use as food for fish. Aquaculture 422:193-201.

Asian Fisheries Science 35(2022):269-281

® 27

https://doi.org/10.1016/j.aquaculture.2013.12.024

Beier, S., Bertilsson, S. 2013. Bacterial chitin degradation-mechanisms
and eco physiological strategies. Frontiers in Microbiology 4:149.
https://doi.org/10.3389/fmicb.2013.00149

Berger, J.J., Barnard, R.J. 1999. Effect of diet on fat cell size and
hormone-sensitive lipase activity. Journal of Applied Physiology
87:227-232. https://doi.org/10.1152/jappl.1999.87.1.227

Bolnick, D.I., Snowberg, L.K., Hirsch, P.E., Lauber, C.L., Org, E., Parks, B.,
Lusis, A.J., Knight, R., Caporaso, J.G., Svanback, R. 2014. Individual
diet has sex-dependent effects on vertebrate gut microbiota. Nature
Communications 5:4500. https://doi.org/10.1038/ncomms5500

Bonvini, E., Parma, L., Mandrioli, L., Sirri, R., Brachelente, C., Mongile, F.,
Gatta, P.P., Bonaldo, A. 2015. Feeding common sole (Solea solea)
juveniles with increasing dietary lipid levels affects growth, feed
utilization and gut health. Aquaculture 449:87-93.
https://doi.org/10.1016/j.aquaculture.2015.01.013

Borrelli, L., Coretti, L., Dipineto, L., Bovera, F., Menna, F., Chiariotti, L.,
Nizza, A., Lembo, F., Fioretti, A. 2017. Insect-based diet, a promising
nutritional source, modulates gut microbiota composition and scfas
production in laying hens. Scientific Reports 7:16269.
https://doi.org/10.1038/s41598-017-16560-6

Brugére, C., Ridler, N. 2004. Global aquaculture outlook in the next
decades: an analysis of national aquaculture production forecasts to
2030. Food and Agriculture Organization, United Nations, Rome, Italy.
47 pp.

Brugman, S., Schneeberger, K., Witte, M., Klein, M.R., Van Den Bogert, B.,
Boekhorst, J., Timmerman, H.M., Boes, M.L., Kleerebezem, M.,
Nieuwenhuis, E.E.S. 2014. T lymphocytes control microbial
composition by regulating the abundance of Vibrio in the zebrafish
gut. Gut Microbes 5:737-747. https://doi.org/10.4161/19490976
.2014.972228

Bruni, L., Pastorelli, R., Viti, C., Gasco, L., Parisi, G. 2018. Characterisation
of the intestinal microbial communities of rainbow trout
(Oncorhynchus mykiss) fed with Hermetia illucens (black soldier fly)
partially defatted larva meal as partial dietary protein source.
Aquaculture 487:56-63. https://doi.org/10.1016/j.aquaculture.2018
.01.006

Bruno, D., Bonelli, M., De Filippis, F., Di Lelio, I., Tettamanti, G., Casartelli,
M., Ercolini, D., Caccia, S. 2019. The intestinal microbiota of Hermetia
illucens larvae is affected by diet and shows a diverse composition in
the different midgut regions. Applied and Environmental Microbiology
85:e01864-18. https://doi.org/10.1128/aem.01864-18

Caimi, C., Gasco, L., Biasato, I., Malfatto, V., Varello, K., Prearo, M.,
Pastorino, P., Bona, M.C., Francese, D.R., Schiavone, A., Elia, A.C.
2020. Could dietary black soldier fly meal inclusion affect the liver and
intestinal histological traits and the oxidative stress biomarkers of
Siberian sturgeon (Acipenser baerii) juveniles? Animals 10:155.
https://doi.org/10.3390/ani10010155

Cardinaletti, G., Randazzo, B., Messina, M., Zarantoniello, M., Giorgini, E.,
Zimbelli, A., Bruni, L., Parisi, G., Olivotto, I., Tulli, F. 2019. Effects of
graded dietary inclusion level of full-fat Hermetia illucens prepupae
meal in practical diets for rainbow trout (Oncorhynchus mykiss).
Animals 9:251. https://doi.org/10.3390/ani9050251

Chaklader, M.R., Siddik, M.A., Fotedar, R., Howieson, J. 2019. Insect
larvae, Hermetia illucens in poultry by-product meal for barramundi,
Lates calcarifer modulates histomorphology, immunity and
resistance to Vibrio harveyi. Scientific Reports 9:16703.
https://doi.org/10.1038/s41598-019-53018-3

Chen, P., Torralba, M., Tan, J., Embree, M., Zengler, K., Starkel, P., Van
Pijkeren, J.P., Depew, J., Loomba, R., Ho, S.B., Bajaj, J.S., Mutlu, E.A.,
Keshavarzian, A., Tsukamoto, H., Nelson, K.E., Fouts, D.E., Schnabl,
B. 2015. Supplementation of saturated long-chain fatty acids


https://doi.org/10.1016/j.aquaculture.2020.735136
https://doi.org/10.5539/jas.v5n5p26
https://doi.org/10.1111/j.1365-2109.2011.02844.x
https://doi.org/10.1111/are.12451
https://doi.org/10.3390/ani10081407
https://doi.org/10.22004/ag.econ.124068
https://doi.org/10.1016/j.aquaculture.2015.11.018
https://doi.org/10.1016/j.aquaculture.2011.10.016
https://doi.org/10.1016/j.aquaculture.2013.12.024
https://doi.org/10.3389/fmicb.2013.00149
https://doi.org/10.1152/jappl.1999.87.1.227
https://doi.org/10.1038/ncomms5500
https://doi.org/10.1016/j.aquaculture.2015.01.013
https://doi.org/10.1038/s41598-017-16560-6
https://doi.org/10.4161/19490976.2014.972228
https://doi.org/10.4161/19490976.2014.972228
https://doi.org/10.1016/j.aquaculture.2018.01.006
https://doi.org/10.1016/j.aquaculture.2018.01.006
https://doi.org/10.1128/AEM.01864-18
https://doi.org/10.3390/ani10010155
https://doi.org/10.3390/ani9050251
https://doi.org/10.1038/s41598-019-53018-3

maintains intestinal eubiosis and reduces ethanol-induced liver injury
in mice. Gastroenterology 148:203-214.e16. https://doi.org/10.1053
/j.gastro.2014.09.014

Choi, W.H., Yun, J.H., Chu, J.P., Chu, K.B. 2012. Antibacterial effect of
extracts of Hermetia illucens (Diptera: Stratiomyidae) larvae against
gram-negative bacteria. Entomological Research 42:219-226.
https://doi.org/10.1111/j.1748-5967.2012.00465.x

Cody, R.M. 1989. Distribution of chitinase and chitobiase in Bacillus.
Current Microbiology 19:201-205. https://doi.org/10.1007/bf01570162

Desai, A.R., Links, M.G., Collins, S.A., Mansfield, G.S., Drew, M.D., Van
Kessel, A.G., Hill, J.E. 2012. Effects of plant-based diets on the distal
gut microbiome of rainbow trout (Oncorhynchus mykiss). Aquaculture
350:134-142. https://doi.org/10.1016/j.aquaculture.2012.04.005

Diener, S., Zurbrlgg, C., Tockner, K. 2009. Conversion of organic
material by black soldier fly larvae: establishing optimal feeding rates.
Waste Management & Research 27:603-610. https://doi.org/10
77/0734242x09103838

Dimitroglou, A., Merrifield, D., Carnevali, 0., Picchietti, S., Avella, M.,
Guroy, D., Davies, S. 2011. Microbial manipulations to improve fish
health and production - A Mediterranean perspective. Fish and
Shellfish  Immunology 30:1-16. https://doi.org/10.1016/j.fsi.2010
.08.008

Dumas, A., Raggi, T., Barkhouse, J., Lewis, E., Weltzien, E. 2018. The oil
fraction and partially defatted meal of black soldier fly larvae
(Hermetia illucens) affect differently growth performance, feed
efficiency, nutrient deposition, blood glucose and lipid digestibility of
rainbow trout (Oncorhynchus mykiss). Aquaculture 492:24-34.
https://doi.org/10.1016/j.aquaculture.2018.03.038

Elia, A.C., Capucchio, M.T., Caldaroni, B., Magara, G., Dorr, A.J.M.,
Biasato, |., Biasibetti, E., Righetti, M., Pastorino, P., Prearo, M., Gai, F.,
Schiavone, A., Gasco, L. 2018. Influence of Hermetia illucens meal
dietary inclusion on the histological traits, gut mucin composition and
the oxidative stress biomarkers in rainbow trout (Oncorhynchus
mykiss). Aquaculture 496:50-57. https://doi.org/10.1016/j
.aquaculture.2018.07.009

Esquivel-Elizondo, S., llhan, Z.E., Garcia-Penfa, E.I., Krajmalnik-Brown, R.
2017. Insights into butyrate production in a controlled fermentation
system via gene predictions. Msystems  2:e00051-17.
https://doi.org/10.1128/msystems.00051-17

Fawole, F.J., Adeoye, A.A., Tiamiyu, L.0., Ajala, K.I., Obadara, S.0.,
Ganiyu, 1.0. 2020. Substituting fishmeal with Hermetia illucens in the
diets of African catfish (Clarias gariepinus): Effects on growth,
nutrient utilization, haemato-physiological response, and oxidative
stress biomarker. Aquaculture 518:734849. https://doi.org/10
.1016/j.aquaculture.2019.734849

Fogarty, C., Burgess, C.M., Cotter, P.D., Cabrera-Rubio, R., Whyte, P.,
Smyth, C., Bolton, D. J. 2019. Diversity and composition of the gut
microbiota of Atlantic salmon (Salmo salar) farmed in Irish waters.
Journal of Applied Microbiology 127:648-657. https://doi.org/10.1111
/jam.14291

Frank, D.N., St-Amand, A.L., Feldman, R.A., Boedeker, E.C., Harpaz, N.,
Pace, N.R. 2007. Molecular-phylogenetic characterization of
microbial community imbalances in human inflammatory bowel
diseases. Proceedings of the National Academy of Sciences of the
United States of America 104:13780-13785. https://doi.org/10.1073
/pnas.0706625104

Freccia, A., Meurer, E.S., Jerénimo, G.T., Emerenciano, M.G.C. 2016.
Insect meal in tilapia fingerlings diets. Archivos de Zootecnia 65:541-
547.

Godoy, F.A., Miranda, C.D., Wittwer, G.D., Aranda, C.P., Calderdn, R. 2015.
High variability of levels of Aliivibrio and lactic acid bacteria in the
intestinal microbiota of farmed Atlantic salmon Salmo salar L. Annals

of Microbiology 65:2343-2353. https://doi.org/10.1007/s13213-015-
1076-3

Gudina, E.J., Fernandes, E.C., Rodrigues, A.l., Teixeira, J.A., Rodrigues,
L.R. 2015. Biosurfactant production by Bacillus subtilis using corn
steep liquor as culture medium. Frontiers in Microbiology 6:59.
https://doi.org/10.3389/fmicb.2015.00059

Guilbard, F., Munro, J., Dumont, P., Hatin, D., Fortin, R. 2007. Feeding
ecology of Atlantic sturgeon and lake sturgeon co-occurring in the St.
Lawrence estuarine transition zone. American Fisheries Society
Symposium 56:85-104.

Hu, J., Wang, G., Huang, Y., Sun, Y., He, F., Zhao, H., Li, N. 2017. Effects
of substitution of fishmeal with black soldier fly (Hermetia illucens)
larvae meal, in yellow catfish (Pelteobagrus fulvidraco) diets. The
Israeli Journal of Aquaculture 69:2-8.

Hu, Y., Huang, Y., Tang, T., Zhong, L., Chu, W., Dai, Z., Chen, K., Hu, Y.
2020. Effect of partial black soldier fly (Hermetia illucens L.) larvae
meal replacement of fish meal in practical diets on the growth,
digestive enzyme and related gene expression for rice field eel
(Monopterus albus). Aquaculture 17:100345.
https://doi.org/10.1016/j.aqrep.2020.100345

Huiling, Z., Huiyu, L., Jing, Y., Rui, W., Lihe, L. 2012. Effect of yeast
polysaccharide on some hematologic parameter and gut morphology

Reports

in channel catfish (Ictalurus punctatus). Fish Physiology and
Biochemistry 38:1441-1447. https://doi.org/10.1007/s10695-012-9631-
3

Huyben, D., Vidakovi¢, A., Werner Hallgren, S., Langeland, M. 2019. High-
throughput sequencing of gut microbiota in rainbow trout
(Oncorhynchus mykiss) fed larval and pre-pupae stages of black
soldier fly (Hermetia illucens). Aquaculture 500:485-491.
https://doi.org/10.1016/j.aquaculture.2018.10.034

Iheanacho, S., Ogueji, 0., Igberi, C., Avwemoya, F., Amadi-Eke, A., Yaji, A.
J., Mbah, C. 2019. Suitability of discarded cashewnut (Anacardium
occidentale) meal as replacement of soybean meal (Glycine max)inthe
diet of juvenile African catfish Clarias gariepinus (Burchell, 1822).
Indian Journal of Fisheries 66:78-86. https://doi.org/10.21077/ijf
.2019.66.3.89214-10

Ingerslev, H.C., Strube, M.L., Jergensen, L.V.G., Dalsgaard, |., Boye, M.,
Madsen, L. 2014a. Diet type dictates the gut microbiota and the
immune response against Yersinia ruckeri in rainbow trout
(Oncorhynchus mykiss). Fish and Shellfish Immunology 40:624-633.
https://doi.org/10.1016/j.fsi.2014.08.021

Ingerslev, H.C., Von Gersdorff Jgrgensen, L., Lenz Strube, M., Larsen, N.,
Dalsgaard, I., Boye, M., Madsen, L. 2014b. The development of the gut
microbiota in rainbow trout (Oncorhynchus mykiss) is affected by first
feeding and diet type. Aquaculture 424:24-34. https://doi.org/10
.1016/j.aquaculture.2013.12.032

Ismaiel, Y.M., Khedr, N.A., Ahmed, T.E. 2015. Effect of fish meal and plant
protein alternatives on the histological picture of different organs on
Nile tilapia in Egypt. Benha Veterinary Medical Journal 28:273-282.
https://doi.org/10.21608/bvm;j.2015.32513

Jensen, M.D. 2006. s visceral fat involved in the pathogenesis of the
metabolic syndrome? Human model. International Journal of Obesity
14:20S-24S. https://doi.org/10.1038/0by.2006.278

Jeong, S., Yoon, M. 2008. Fenofibrate inhibits adipocyte hypertrophy and

insulin resistance by activating adipose pparc in high fat diet-induced

obese mice. Experimental and Molecular Medicine 41:397-405.

https://doi.org/10.3858/emm.2009.41.6.045

n, Y., Angell, I.L., Sandve, S.R., Snipen, L.G., Olsen, Y., Rudi, K. 2019.

Atlantic salmon raised with diets low in long-chain polyunsaturated n-

J

3 fatty acids in freshwater have a Mycoplasma-dominated gut
microbiota at sea. Aquaculture Environment Interactions 11:31-39.
https://doi.org/10.3354/aei00297

277 @

Asian Fisheries Science 35(2022):269-281


https://doi.org/10.1053/j.gastro.2014.09.014
https://doi.org/10.1053/j.gastro.2014.09.014
https://doi.org/10.1111/j.1748-5967.2012.00465.x
https://doi.org/10.1007/BF01570162
https://doi.org/10.1016/j.aquaculture.2012.04.005
https://doi.org/10.1177/0734242x09103838
https://doi.org/10.1177/0734242x09103838
https://doi.org/10.1016/j.fsi.2010.08.009
https://doi.org/10.1016/j.fsi.2010.08.009
https://doi.org/10.1016/j.aquaculture.2018.03.038
https://doi.org/10.1016/j.aquaculture.2018.07.009
https://doi.org/10.1016/j.aquaculture.2018.07.009
https://doi.org/10.1128/mSystems.00051-17
https://doi.org/10.1016/j.aquaculture.2019.734849
https://doi.org/10.1016/j.aquaculture.2019.734849
https://doi.org/10.1111/jam.14291
https://doi.org/10.1111/jam.14291
https://doi.org/10.1073/pnas.0706625104
https://doi.org/10.1073/pnas.0706625104
https://doi.org/10.1007/s13213-015-1076-3
https://doi.org/10.1007/s13213-015-1076-3
https://doi.org/10.3389/fmicb.2015.00059
https://doi.org/10.1016/j.aqrep.2020.100345
https://doi.org/10.1007/s10695-012-9631-3
https://doi.org/10.1007/s10695-012-9631-3
https://doi.org/10.1016/j.aquaculture.2018.10.034
https://doi.org/10.21077/ijf.2019.66.3.89214-10
https://doi.org/10.21077/ijf.2019.66.3.89214-10
https://doi.org/10.1016/j.fsi.2014.08.021
https://doi.org/10.1016/j.aquaculture.2013.12.032
https://doi.org/10.1016/j.aquaculture.2013.12.032
https://doi.org/10.21608/bvmj.2015.32513
https://doi.org/10.1038/oby.2006.278
https://doi.org/10.3858/emm.2009.41.6.045
https://doi.org/10.3354/aei00297

Jozefiak, A., Engberg, R.M. 2017. Insect proteins as a potential source of
antimicrobial peptides in livestock production: a review. Journal of
Animal and Feed Sciences 26:87-99. https://doi.org/10.22358
/jafs/69998/2017

Jozefiak, A., Nogales-Mérida, S., Rawski, M., Kieronczyk, B.,
Mazurkiewicz, J. 2019a. Effects of insect diets on the gastrointestinal
tract health and growth performance of Siberian sturgeon (Acipenser
baerii  Brandt, 1869). BMC Veterinary Research 15:348.
https://doi.org/10.1186/s12917-019-2070-y

Jozefiak, A., Nogales-Mérida, S., Mikotajczak, Z., Rawski, M., KierofAczyk,
B., Mazurkiewicz, J. 2019b. The utilization of full-fat insect meal in
rainbow trout (Oncorhynchus mykiss) nutrition: the effects on growth
performance, intestinal microbiota and gastrointestinal tract
histomorphology.  Annals of Animal Science 19:747-765.
https://doi.org/10.2478/aoas-2018-0020

Karapanagiotidis, I.T., Psofakis, P., Mente, E., Malandrakis, E.,
Golomazou, E. 2018. Effect of fishmeal replacement by poultry by-
product meal on growth performance, proximate composition,
digestive enzyme activity, haematological parameters and gene
expression of gilthead seabream (Sparus aurata). Aquaculture
Nutrition 25:3-14. https://doi.org/10.1111/anu.12824

Karlsen, C., Ottem, K.F., Brevik, 0.J., Davey, M., Sgrum, H., Winther-
Larsen, H.C. 2017. The environmental and host-associated bacterial
microbiota of Arctic seawater-farmed Atlantic salmon with ulcerative
disorders. Journal of Fish Diseases 40:1645-1663. https://doi.org/10
JNV/jfd. 12632

Katya, K., Borsra, M.Z.S., Ganesan, D., Kuppusamy, G., Herriman, M.,
Salter, A., Ali, S.A. 2017. Efficacy of insect larval meal to replace
fishmealinjuvenile barramundi, Lates calcarifer reared in freshwater.
International Aquatic Research 9:303-312. https://doi.org/10.1007
/s40071-017-0178-x

Kaushik, S.J., Cravedi, J.P., Lalles, J.P., Sumpter, J., Fauconneau, B.,
Laroche, M. 1995. Partial or total replacement of fish meal by soybean
protein on growth, protein utilization, potential estrogenic or
antigenic effects, cholesterolemia and flesh quality in rainbow trout,
Oncorhynchus mykiss. Aquaculture 133:257-274. https://doi.org/10
.1016/0044-8486(94)00403-b

Kawasaki, K., Hashimoto, Y., Hori, A., Kawasaki, T., Hirayasu, H., Iwase,
S., Hashizume, A., Ido, A., Miura, C., Miura, T., Nakamura, S., Seyama,
T., Matsumoto, Y., Kasai, K., Fujitani, Y. 2019. Evaluation of black
soldier fly (Hermetia illucens) larvae and pre-pupae raised on
household organic waste, as potential ingredients for poultry feed.
Animals 9:98. https://doi.org/10.3390/ani9030098

Khoushab, F., Yamabhai, M. 2010. Chitin research revisited. Marine Drugs
8:1988-2012. https://doi.org/10.3390/md8071988

Koh, A., De Vadder, F., Kovatcheva-Datchary, P., Backhed, F. 2016. From
dietary fiber to host physiology: short-chain fatty acids as key
bacterial metabolites. Cell 165:1332-1345. https://doi.org/10.1016
/j.cell.2016.05.041

Kroeckel, S., Harjes, A.G.E., Roth, |., Katz, H., Wuertz, S., Susenbeth, A.,
Schulz, C. 2012. When a turbot catches a fly: Evaluation of a pre-
pupae meal of the black soldier fly (Hermetia illucens) as fishmeal
substitute on growth performance and chitin degradation in juvenile
turbot (Psetta maxima). Aquaculture 364:345-352. https://doi.org/10
.1016/j.aquaculture.2012.08.041

Krogdabhl, A, Bakke-Mckellep, A.M., Baeverfjord, G. 2003. Effects of
graded levels of standard soybean meal on intestinal structure,
mucosal enzyme activities, and pancreatic response in Atlantic
salmon (Salmo salar L.). Aquaculture Nutrition 9:361-371.
https://doi.org/10.1046/j.1365-2095.2003.00264.x

Kurakawa, T., Ogata, K., Matsuda, K., Tsuji, H., Kubota, H., Takada, T.,
Kado, Y., Asahara, T., Takahashi, T., Nomoto, K. 2015. Diversity of

Asian Fisheries Science 35(2022):269-281

® 27

intestinal Clostridium coccoides group in the Japanese population, as
demonstrated by reverse transcription-quantitative pcr. PLoS ONE
10:e0126226. https://doi.org/10.1371/journal.pone.0126226

Li, S., Ji, H., Zhang, B., Zhou, J., Yu, H. 2017. Defatted black soldier fly
(Hermetia illucens)larvae meal in diets for juvenile Jian carp (Cyprinus
carpio var. Jian): growth performance, antioxidant enzyme activities,
digestive enzyme activities, intestine and hepatopancreas
histological structure. Aquaculture 477:62-70. https://doi.org/10
.1016/j.aquaculture.2017.04.015

Li, Y., Bruni, L., Jaramillo-Torres, A., Gajardo, K., Kortner, T.M., Krogdahl,
A. 2021. Differential response of digesta-and mucosa-associated
intestinal microbiota to dietary insect meal during the seawater
phase of Atlantic salmon. Animal Microbiome 3:8. https://doi.org/10
.1186/s42523-020-00071-3

Li, Y., Kortner, T.M., Chikwati, E.M., Belghit, I., Lock, E.J., Krogdahl, A.
2020. Total replacement of fish meal with black soldier fly (Hermetia
illucens) larvae meal does not compromise the gut health of Atlantic
salmon (Salmo salar). Aquaculture 520:734967. https://doi.org/10
.1016/j.aquaculture.2020.734967

Li, Y., Kortner, T.M., Chikwati, E.M., Munang'andu, H.M., Lock, E.J.,
Krogdahl, A. 2019. Gut health and vaccination response in pre-smolt
Atlantic salmon (Salmo salar) fed black soldier fly (Hermetia illucens)
larvae meal. Fish and Shellfish Immunology 86:1106-1113.
https://doi.org/10.1016/j.fsi.2018.12.057

Lichtenstein, L., Mattijssen, F., De Wit, N.J., Georgiadi, A., Hooiveld, G.J.,
Van Der Meer, R., He, Y., Qi, L., Késter, A., Tamsma, J.T., Tan, N.S.,
Miller, M., Kersten, S. 2010. Angptl4 protects against severe
proinflammatory effects of saturated fat by inhibiting fatty acid
uptake into mesenteric lymph node macrophages. Cell Metabolism
12:580-592. https://doi.org/10.1016/j.cmet.2010.11.002

Lock, E.R., Arsiwalla, T., Waagbg, R. 2016. Insect larvae meal as an
alternative source of nutrients in the diet of Atlantic salmon (Salmo
salar) postsmolt. Aquaculture Nutrition 22:1202-1213.
https://doi.org/10.1111/anu.12343

Lyons, P.P., Turnbull, J.F., Dawson, K.A., Crumlish, M. 2017a. Effects of
low-level dietary microalgae supplementation on the distal intestinal
microbiome of farmed rainbow trout Oncorhynchus mykiss
(Walbaum). Aquaculture Research 48:2438-2452. https://doi.org/10
.1111/are.13080

Lyons, P.P., Turnbull, J.F., Dawson, K.A., Crumlish, M. 2017b.
Phylogenetic and functional Liu, X., Chen, X., Wang, H., Yang, Q., ur
Rehman, K., Li, W., Cai, M., Li, 0., Mazza, L., Zhang, J., Yu, Z., Zheng, L.
2017. Bynamic changes of nutrient composition throughout the entire
life cycle of black soldier fly. PLoS ONE 12:e0182601.
https://doi.org/10.1371/journal.pone.0182601

Magalhaes, R., Sanchez-Lopez, A., Leal, R.S., Martinez-Llorens, S., Oliva-
Teles, A., Peres, H. 2017. Black soldier fly (Hermetia illucens) pre-
pupae meal as a fishmeal replacement in diets for European seabass
(Dicentrarchus labrax). Aquaculture 476:79-85. https://doi.org/10
.1016/j.aquaculture.2017.04.021

Mansfield, G.S., Desai, A.R., Nilson, S.A., Van Kessel, A.G., Drew, M.D., Hill,
J.E. 2010. Characterization of rainbow trout (Oncorhynchus mykiss)
intestinal microbiota and inflammatory marker gene expression in a
recirculating aquaculture system. Aquaculture 307:95-104.
https://doi.org/10.1016/j.aquaculture.2010.07.014

Marques, C., Meireles, M., Norberto, S., Leite, J., Freitas, J., Pestana, D.,
Faria, A., Calhau, C. 2015. High-fat diet-induced obesity rat model: a
comparison between Wistar and Sprague-Dawley rat. Adipocyte 5:11-
21. https://doi.org/10.1080/21623945.2015.1061723

Merrifield, D.L., Dimitroglou, A., Foey, A., Davies, S.J., Baker, R.T.M.,
Bogwald, J., Castex, M., Ringg, E. 2010. The current status and future
focus of probiotic and prebiotic applications for salmonids.


https://doi.org/10.22358/jafs/69998/2017
https://doi.org/10.22358/jafs/69998/2017
https://doi.org/10.1186/s12917-019-2070-y
https://doi.org/10.2478/aoas-2019-0020
https://doi.org/10.1111/anu.12824
https://doi.org/10.1111/jfd.12632
https://doi.org/10.1111/jfd.12632
https://doi.org/10.1007/s40071-017-0178-x
https://doi.org/10.1007/s40071-017-0178-x
https://doi.org/10.1016/0044-8486(94)00403-b
https://doi.org/10.1016/0044-8486(94)00403-b
https://doi.org/10.3390/ani9030098
https://doi.org/10.3390/md8071988
https://doi.org/10.1016/j.cell.2016.05.041
https://doi.org/10.1016/j.cell.2016.05.041
https://doi.org/10.1016/j.aquaculture.2012.08.041
https://doi.org/10.1016/j.aquaculture.2012.08.041
https://doi.org/10.1046/j.1365-2095.2003.00264.x
https://doi.org/10.1371/journal.pone.0126226
https://doi.org/10.1016/j.aquaculture.2017.04.015
https://doi.org/10.1016/j.aquaculture.2017.04.015
https://doi.org/10.1186/s42523-020-00071-3
https://doi.org/10.1186/s42523-020-00071-3
https://doi.org/10.1016/j.aquaculture.2020.734967
https://doi.org/10.1016/j.aquaculture.2020.734967
https://doi.org/10.1016/j.fsi.2018.12.057
https://doi.org/10.1016/j.cmet.2010.11.002
https://doi.org/10.1111/anu.12343
https://doi.org/10.1111/are.13080
https://doi.org/10.1111/are.13080
https://doi.org/10.1371/journal.pone.0182601
https://doi.org/10.1016/j.aquaculture.2017.04.021
https://doi.org/10.1016/j.aquaculture.2017.04.021
https://doi.org/10.1016/j.aquaculture.2010.07.014
https://doi.org/10.1080/21623945.2015.1061723

Aquaculture  302:1-18.  https://doi.org/10.1016/j.aquaculture.2010
.02.007

Miles, R.D., Chapman, F.A. 2012. The benefits of fish meal in aquaculture
diets. Environmental Science 12:1-7.

Milewski, |. 2002. Impacts of salmon aquaculture on the coastal
environment: areview. In marine aquaculture and the environment: A
meeting for stakeholders in the Northeast. (eds. Tlusty, M.F.,
Bengston, D.A., Halvorson, H.0O., Oktay, S.D., Pearce, J.B., Rheault Jr.
R.B.), pp. 166-197. Cape Cod Press, Falmouth, United States.

Moraes, G., de Almeida, L.C. 2020. Nutrition and functional aspects of
digestionin fish. In: Biology and physiology of freshwater neotropical
fish. Baldisserotto, B., Urbinati, E.C., Cyrino, J.E.P. (Eds.), Academic
Press, London, pp. 251-271. https://doi.org/10.1016/B978-0-12-
815872-2.00011-7

Munglue, P., Dasri, K. 2015. Effects of Bauhinia strychnifolia Craib leaf
extract on growth parameters and intestinal morphology of catfish
(Clarias gariepinus). In proceeding book of Sakon Nakhon Rajabhat
University international conference, pp. 50-57. Sakon Nakhon
Rajabhat University, Thailand.

Naylor, R.L., Hardy, R.W., Bureau, D.P., Chiu, A., Elliott, M., Farrell, A.P.,
Forster, I., Gatlin, D.M., Goldburg, R.J., Hua, K., Nichols, P.D. 2009.
Feeding aquaculture in an era of finite resources. Proceedings of the
National Academy of Sciences of the United States of America
106:15103-15110. https://doi.org/10.1073/pnas.0905235106

Oqueji, E.O., lheanacho, S.C., Mbah, C.E., Yaji, A.J., Ezemagu, U. 2020.
Effect of partial and complete replacement of soybean with
discarded cashew nut (Anacardium occidentale L) on liver and
stomach histology of Clarias gariepinus (Burchell, 1822). Aquaculture
and Fisheries 5:86-91. https://doi.org/10.1016/j.aaf.2019.10.005

Ogunji, J., Nimptsch, J., Wiegand, C., Schulz, C., Rennert, B. 2011. Effect
of housefly maggot meal(magmeal) diets on catalase, and glutathione
S-transferase in the liver and gills of carp Cyprinus carpio fingerling.
International Aquatic Research 3:11-20.

Okore, 0.0., Ekedo, C.M., Ubiaru, P.C., Uzodinma, K. 20186. Growth and
haematological studies of African catfish (Clarias gariepinus)
juveniles fed with housefly larva (Musca domestica) as feed
supplement. International Journal of Agriculture and Earth Science
2:21-30.

Olsen, R.L., Hasan, M.R. 2012. A limited supply of fishmeal: Impact on
future increases in global aquaculture production. Trends in Food
Science and Technology 27:120-128. https://doi.org/10.1016
/j.tifs.2012.06.003

Ostaszewska, T., Dabrowski, K., Kamaszewski, M., Grochowski, P., Verri,
T., Rzepkowska, M., Wolnicki, J. 2010. The effect of plant protein-
based diet supplemented with dipeptide or free amino acids on
digestive tract morphology and peptl and pept2 expressions in
common carp (Cyprinus carpio L... Molecular and Integrative
Physiology 157:168-169. https://doi.org/10.1016/j.cbpa.2010.06.162

Park, K., Choi, J., Nam, S., Kim, S., Kwak, K., Lee, S., Nho, S. 2014.
Antioxidant activities of black soldier fly, Hermetia illucens. Journal of
Sericultural and Entomological Science 52:142-146.
https://doi.org/10.7852/jses.2014.52.2.142

Penn, M.H. 2011. Lipid malabsorption in Atlantic salmon-the reoccurring
problem of floating feces. Fiskehelse. Tekna Fiskehelseforeningen,
Oslo, pp. 6-11.

Peres, H., Santos, S., Oliva-Teles, A. 2014. Blood chemistry profile as
indicator of nutritional status in European seabass (Dicentrarchus
labrax). Fish  Physiology and Biochemistry  40:1339-1347.
https://doi.org/10.1007/s10695-014-9928-5

Poma, G., Cuykx, M., Amato, E., Calaprice, C., Focant, J.F., Covaci, A.
2017. Evaluation of hazardous chemicals in edible insects and insect-

based food intended for human consumption. Food and Chemical
Toxicology 100:70-79. https://doi.org/10.1016/j.fct.2016.12.006

Ponomarev, S., Gamygin, E.A., Nikonorov, S.I., Ponomareva, E.N.,
Grozesku Yu.N, Bakhareva, A.A. 2002. Tekhnologii vyrashchivaniya i
kormleniya ob"ektov akvakul'tury yuga Rossii. Nova plyus, Astrakhan,
264 pp. (in Russian).

Priyadarshana, M.K.C., Walpita, C.N., Naveenan, M., Magamage, M.P.S.,
Ruwandeepika, H.A.D. 2021. Substitution of fishmeal with black
soldier fly Hermetia illucens Linnaeus, 1758 larvae in finfish
aquaculture-a review. Asian Fisheries Science 34:114-126.
https://doi.org/10.33997/j.afs.2021.34.2.001

Pryde, S.E., Duncan, S.H., Hold, G.L., Stewart, C.S., Flint, H.J. 2002. The
microbiology of butyrate formation in the human colon. Microbiology
Letters 217:133-139. https://doi.org/10.1111/j.1574~
6968.2002.tb11467.x

Psofakis, P., Karapanagiotidis, I.T., Malandrakis, E.E., Golomazou, E.,
Exadactylos, A., Mente, E. 2020. Effect of fishmeal replacement by
hydrolyzed feather meal on growth performance, proximate
composition, digestive enzyme activity, haematological parameters
and growth-related gene expression of gilthead seabream (Sparus
aurata). Aquaculture 521:735006. https://doi.org/10.1016
/j.aquaculture.2020.735006

Raji, A.A., Alaba, P.A., Yusuf, H., Abu Bakar, N.H., Mohd Taufek, N., Muin,
H., Alias, Z., Milow, P., Abdul Razak, S. 2018. Fishmeal replacement
with Spirulina platensis and Chlorella vulgaris in African catfish(Clarias
gariepinus) diet: Effect on antioxidant enzyme activities and
haematological parameters. Research in Veterinary Science 119:67-
75. https://doi.org/10.1016/j.rvsc.2018.05.013

Ramirez, C., Romero, J. 2017. The microbiome of Seriola lalandi of wild
and aquaculture origin reveals differences in composition and
potential ~ function.  Frontiers in  Microbiology  8:1844.
https://doi.org/10.3389/fmicb.2017.01844

Renna, M., Schiavone, A., Gai, F., Dabbou, S., Lussiana, C., Malfatto, V.,
Prearo, M., Capucchio, M.T., Biasato, I., Biasibetti, E., De Marco, M.,
Brugiapaglia, A., Zoccarato, |., Gasco, L. 2017. Evaluation of the
suitability of a partially defatted black soldier fly (Hermetia illucens L.)
larvae meal as ingredient for rainbow trout (Oncorhynchus mykiss
Walbaum) diets. Journal of Animal Science and Biotechnology 8:57.
https://doi.org/10.1186/s40104-017-0191-3

Rimoldi, S., Gini, E., lannini, F., Gasco, L., Terova, G. 2019. The effects of
dietary insect meal from Hermetia illucens prepupae on
autochthonous gut microbiota of rainbow trout (Oncorhynchus
mykiss). Animals 9:143. https://doi.org/10.3390/ani9040143

Ringe, E., Levmo, L., Kristiansen, M., Bakken, Y., Salinas, I., Myklebust,
R., Olsen, R.E., Mayhew, T.M. 2010. Lactic acid bacteria vs. pathogens
in the gastrointestinal tract of fish: a review. Aquaculture Research
41:451-467. https://doi.org/10.1111/).1365-2109.2009.02339.x

Ringg, E., Olsen, R.E. 1999. The effect of diet on aerobic bacterial flora
associated with intestine of Arctic charr (Salvelinus alpinus L.).
Journal of Applied Microbiology 86:22-28. https://doi.org/10.1046
/j.1365-2672.1999.00631.x

Ringg, E., Zhou, Z., Olsen, R.E., Song, S.K. 2012. Use of chitin and krill in
aquaculture - the effect on gut microbiota and the immune system: a
review. Aquaculture Nutrition 18: 117-131. https://doi.org/10.111
/j.1365-2095.2011.00919.x

Ringg, E., Zhou, Z., Vecino, J.L.G., Wadsworth, S., Romero, J., Krogdahl,
A., Olsen, R.E., Dimitroglou, A., Foey, A., Davies, S., Owen, M., Lauzon,
H.L., Martinsen, L.L., De Schryver, P., Bossier, P., Sperstad, S.,
Merrifield, D.L. 2016. Effect of dietary components on the gut
microbiota of aquatic animals. A never-ending story? Aquaculture
Nutrition 22:218-282. https://doi.org/10.1111/anu.12346

279 (@

Asian Fisheries Science 35(2022):269-281


https://doi.org/10.1016/j.aquaculture.2010.02.007
https://doi.org/10.1016/j.aquaculture.2010.02.007
https://doi.org/10.1016/B978-0-12-815872-2.00011-7
https://doi.org/10.1016/B978-0-12-815872-2.00011-7
https://doi.org/10.1073/pnas.0905235106
https://doi.org/10.1016/j.aaf.2019.10.005
https://doi.org/10.1016/j.tifs.2012.06.003
https://doi.org/10.1016/j.tifs.2012.06.003
https://doi.org/10.1016/j.cbpa.2010.06.162
https://doi.org/10.7852/jses.2014.52.2.142
https://doi.org/10.1007/s10695-014-9928-5
https://doi.org/10.1016/j.fct.2016.12.006
https://doi.org/10.33997/j.afs.2021.34.2.001
https://doi.org/10.1111/j.1574-6968.2002.tb11467.x
https://doi.org/10.1111/j.1574-6968.2002.tb11467.x
https://doi.org/10.1016/j.aquaculture.2020.735006
https://doi.org/10.1016/j.aquaculture.2020.735006
https://doi.org/10.1016/j.rvsc.2018.05.013
https://doi.org/10.3389/fmicb.2017.01844
https://doi.org/10.1186/s40104-017-0191-3
https://doi.org/10.3390/ani9040143
https://doi.org/10.1111/j.1365-2109.2009.02339.x
https://doi.org/10.1046/j.1365-2672.1999.00631.x
https://doi.org/10.1046/j.1365-2672.1999.00631.x
https://doi.org/10.1111/j.1365-2095.2011.00919.x
https://doi.org/10.1111/j.1365-2095.2011.00919.x
https://doi.org/10.1111/anu.12346

Sarvestani, F. S., Rahmanifar, F., Tamadon, A. 2015. Histomorphometric
changes of small intestine in pregnant rat. In Veterinary research
forum, pp. 69-73. Faculty of Veterinary Medicine, Urmia University,
Urmia, Iran.

Sekirov, I, Russell, S.L., Antunes, L.C.M., Finlay, B.B. 2010. Gut
microbiota in health and disease. Physiological Reviews 90:859-904.
https://doi.org/10.1152/physrev.00045.2009

Shiau, S.Y., Yu, Y.P.1999. Dietary supplementation of chitin and chitosan
depresses growth in tilapia, Oreochromis niloticus x 0. aureus.
Aquaculture 179:439-446. https://doi.org/10.1016/s0044-
8486(99)00177-5

Soderholm, J.D., Yang, P.C., Ceponis, P., Vohra, A., Riddell, R., Sherman,
P.M., Perdue, M.H. 2002. Chronic stress induces mast cell-dependent
bacterial adherence and initiates mucosal inflammation in rat
intestine. Gastroenterology 123:1099-1108. https://doi.org/10.1053
/gast.2002.36019

St-Hilaire, S., Sheppard, C., Tomberlin, J.K., Irving, S., Newton, L.,
Mcquire, M.A., Mosley, E.E., Hardy, R.W., Sealey, W. 2007. Fly
prepupae as a feedstuff for rainbow trout, Oncorhynchus mykiss.
Journal of the World Aquaculture Society 38:59-67.
https://doi.org/10.1111/j.1748-7345.2006.00073.x

Sypniewski, J., Kieronczyk, B., Benzertiha, A. Mikotajczak, Z.,
Pruszynska-Oszmatek, E., Kotodziejski, P., Sassek, M., Rawski, M.,
Czekata, W., Jozefiak, D. 2020. Replacement of soybean oil by
Hermetia illucens fat in turkey nutrition: effect on performance,
digestibility, microbial community, immune and physiological status
and final product quality. British Poultry Science 61:294-302.
https://doi.org/10.1080/00071668.2020.1716302

Talamuk, R.2016. Comparisons of growth performance of African catfish
(Clarias gariepinus Burchell, 1822) fingerlings fed different inclusion
levels of black soldier fly (Hermetia illucens) larvae meal diets. Master
of Science Thesis, Stellenbosch University, pp. 26-53.

Taufek, N.M., Aspani, F., Muin, H., Raji, A.A., Razak, S.A., Alias, Z. 2016.
The effect of dietary cricket meal (Gryllus bimaculatus) on growth
performance, antioxidant enzyme activities, and haematological
response of African catfish (Clarias gariepinus). Fish Physiology and
Biochemistry  42:1143-1155.  https://doi.org/10.1007/s10695-016-
0204-8

Taylor, S.R., Ramsamooj, S., Liang, R.J., Katti, A., Pozovskiy, R., Vasan,
N., Hwang, S.K., Nahiyaan, N., Francoeur, N.J., Schatoff, E.M.,
Johnson, J.L. 2021. Dietary fructose improves intestinal cell survival
and nutrient absorption. Nature 597:263-267. https://doi.org/10
.1038/s41586-021-03827-2

Terova, G., Gini, E., Gasco, L., Moroni, F., Antonini, M., Rimoldi, S. 2021.
Effects of full replacement of dietary fishmeal with insect meal from
Tenebrio molitor on rainbow trout gut and skin microbiota. Journal of
Animal Science and Biotechnology 12:30. https://doi.org/10
.1186/s40104-021-00551-9

Terova, G., Rimoldi, S., Ascione, C., Gini, E., Ceccotti, C., Gasco, L. 2019.
Rainbow trout (Oncorhynchus mykiss) gut microbiota is modulated by
insect meal from Hermetia illucens prepupae in the diet. Reviews in
Fish Biology and Fisheries 29:465-486. https://doi.org/10
.1007/s11160-019-09558-y

Tippayadara, N., Dawood, M.A., Krutmuang, P., Hoseinifar, S.H., Doan,
H.V., Paolucci, M. 2021. Replacement of fish meal by black soldier fly
(Hermetia illucens) larvae meal: effects on growth, haematology, and
skin mucus immunity of Nile tilapia, Oreochromis niloticus. Animals
11:193. https://doi.org/10.3390/ani11010193

Tran, G., Heuzé, V., Makkar, H. 2015. Insects in fish diets. Animal Frontiers
5:37-44. https://doi.org/10.2527/af.2015-0018

Trejo-Escamilla, I., Galaviz, M.A., Flores-lbarra, M., Alvarez Gonzalez,
C.A., Lopez, L.M. 2017. Replacement of fishmeal by soya protein

Asian Fisheries Science 35(2022):269-281

® 280

concentrate in the diets of Totoaba macdonaldi (Gilbert, 1890)
juveniles: effect on the growth performance, invitro digestibility,
digestive enzymes and the haematological and biochemistry
parameters. Aquaculture Research 48:4038-4057. https://doi.org/10
JM1/are. 13225

Turko, I.V., Marcondes, S., Murad, F. 2001. Diabetes-associated nitration
of tyrosine and inactivation of succinyl-coa:3-oxoacid coa-
transferase. American Journal of Physiology-Heart and Circulatory
Physiology 281:H2289-H2294. https://doi.org/10.1152
/ajpheart.2001.281.6.h2289

Ushakova, N.A., Bastfakov, A.l., Kozlova, A.A., Ponomarev, S.V.,
Bakaneva, Y.M., Fedorovykh, Y.V., Zhandalgarova, A.D., Pavlov, D.S.
2016. Features of the effect of a complex probiotic with Bacillus
bacteria and the larvae of Hermetia illucens biomass on Mozambique
tilapia(Oreochromis mossambicus x 0. niloticus)and Russian sturgeon
(Acipenser gueldenstaedti) fry. Biology Bulletin 43:450-456.
https://doi.org/10.1134/s1062359016040130

Ushakova, N.A., Ponomarev, S.V., Bakaneva, Y.M., Fedorovykh, Y.V.,
Levina, 0.A., Kotel'nikov, A.V., Kotelnikova, S.V., Bastrakov, A.l.,
Kozlova, A.A., Pavlov, D.S. 2018. Biological efficiency of the prepupae
Hermetia illucens in the diet of the young Mozambique tilapia
Oreochromis ~ mossambicus.  Biology  Bulletin  45:382-387.
https://doi.org/10.1134/s1062359018040143

Van Huis, A. 2013. Potential of insects as food and feed in assuring food
security. Annual Reviews in Entomology 58:563-83. https://doi.org/10
.146/annurev-ento-120811-153704

Vargas, A., Randazzo, B., Riolo, P., Truzzi, C., Gioacchini, G., Giorgini, E.,
Loreto, N., Ruschioni, S., Zarantoniello, M., Antonucci, M., Polverini,
S., Cardinaletti, G., Sabbatini, S., Tulli, F., Olivotto, I. 2018. Rearing
zebrafish on black soldier fly (Hermetia illucens): Biometric,
histological, spectroscopic, biochemical, and molecularimplications.
Zebrafish 15:404-419. https://doi.org/10.1089/zeb.2017.1559

Vogel, H., Miller, A., Heckel, D.G., Gutzeit, H., Vilcinskas, A. 2018.
Nutritional immunology: diversification and diet-dependent
expression of antimicrobial peptides in the black soldier fly Hermetia
illucens. Developmental and Comparative Immunology 78:141-148.
https://doi.org/10.1016/j.dci.2017.09.008

Wallace, P.A., Nyameasem, J.K., Adu-Aboagye, G., Affedzie-Obresi, S.,
Nkegbe, E., Karbo, N., Murray, F., Leschen, W., Maquart, P. 2017.
Impact of black soldier fly larval meal on growth performance,
apparent digestibility, haematological and blood chemistry indices of
guinea fowl starter keets under tropical conditions. Tropical Animal
Health and Production 49:1163-1169. https://doi.org/10.1007/s11250-
017-1312-x

Wang, A.R., Ran, C., Ringe, E., Zhou, Z.G. 2018. Progress in fish
gastrointestinal microbiota research. Reviews in Aquaculture 10:626-
640. https://doi.org/10.1111/raq.12191

Wang, D., Wei, Y., Pagliassotti, M.J. 2008. saturated fatty acids promote
endoplasmic reticulum stress and liver injury in rats with hepatic
steatosis. Endocrinology 147:943-951. https://doi.org/10
.1210/en.2005-0570

Wang, G., Peng, K., Hu, J., Yi, C., Chen, X., Wu, H., Huang, Y. 2019.
Evaluation of defatted black soldier fly (Hermetia illucens L.) larvae
meal as an alternative protein ingredient for juvenile Japanese
seabass (Lateolabrax japonicus) diets. Aquaculture 507:144-154.
https://doi.org/10.1016/j.aquaculture.2019.04.023

Wong, S., Waldrop, T., Summerfelt, S., Davidson, J., Barrows, F., Kenney,
P.B., Welch, T., Wiens, G.D., Snekvik, K., Rawls, J.F., Good, C. 2013.
Aquacultured rainbow trout (Oncorhynchus mykiss) possess a large
core intestinal microbiota that is resistant to variation in diet and
rearing density. Applied and Environmental Microbiology 79:4974-
4984. https://doi.org/10.1128/aem.00924-13


https://doi.org/10.1152/physrev.00045.2009
https://doi.org/10.1016/S0044-8486(99)00177-5
https://doi.org/10.1016/S0044-8486(99)00177-5
https://doi.org/10.1053/gast.2002.36019
https://doi.org/10.1053/gast.2002.36019
https://doi.org/10.1111/j.1749-7345.2006.00073.x
https://doi.org/10.1080/00071668.2020.1716302
https://doi.org/10.1007/s10695-016-0204-8
https://doi.org/10.1007/s10695-016-0204-8
https://doi.org/10.1038/s41586-021-03827-2
https://doi.org/10.1038/s41586-021-03827-2
https://doi.org/10.1186/s40104-021-00551-9
https://doi.org/10.1186/s40104-021-00551-9
https://doi.org/10.1007/s11160-019-09558-y
https://doi.org/10.1007/s11160-019-09558-y
https://doi.org/10.3390/ani11010193
https://doi.org/10.2527/af.2015-0018
https://doi.org/10.1111/are.13225
https://doi.org/10.1111/are.13225
https://doi.org/10.1152/ajpheart.2001.281.6.h2289
https://doi.org/10.1152/ajpheart.2001.281.6.h2289
https://doi.org/10.1134/S1062359016040130
https://doi.org/10.1134/S1062359018040143
https://doi.org/10.1146/annurev-ento-120811-153704
https://doi.org/10.1146/annurev-ento-120811-153704
https://doi.org/10.1089/zeb.2017.1559
https://doi.org/10.1016/j.dci.2017.09.008
https://doi.org/10.1007/s11250-017-1312-x
https://doi.org/10.1007/s11250-017-1312-x
https://doi.org/10.1111/raq.12191
https://doi.org/10.1210/en.2005-0570
https://doi.org/10.1210/en.2005-0570
https://doi.org/10.1016/j.aquaculture.2019.04.023
https://doi.org/10.1128/AEM.00924-13

Wu, S., Zhang, F., Huang, Z., Liu, H., Xie, C., Zhang, J., Thacker, P.A., Qiao,
S. 2012. Effects of the antimicrobial peptide cecropin AD on
performance and intestinal health in weaned piglets challenged with
Escherichia  coli.  Peptides  35:225-230.  https://doi.org/10
.1016/j.peptides.2012.03.030

Xiao, X., dJin, P., Zheng, L., Cai, M., Yu, Z., Yu, J., Zhang, J. 2018. Effects
of black soldier fly (Hermetia illucens) larvae meal protein as a
fishmeal replacement on the growth and immune index of yellow
catfish (Pelteobagrus fulvidraco). Aquaculture Research 49:1569-
1577. https://doi.org/10.1111/are.13611

Ye, L., Amberg, J., Chapman, D., Gaikowski, M., Liu, W. 2014. Fish gut
microbiota analysis differentiates physiology and behavior of invasive
Asian carp and indigenous American fish. The International Society
for Microbial Ecology Journal 8:541-551. https://doi.org/10
.1038/ismej.2013.181

Zarantoniello, M., Zimbelli, A., Randazzo, B., Compagni, M.D., Truzzi, C.,
Antonucci, M., Riolo, P., Loreto, N., Osimani, A., Milanovi¢, V., Giorgini,
E. 2019. Black soldier fly (Hermetia illucens) reared on roasted coffee
by-product and Schizochytrium sp. as a sustainable terrestrial
ingredient for aquafeeds production. Aquaculture 518:734659.
https://doi.org/10.1016/j.aquaculture.2019.734659

Zarkasi, K.Z., Abell, G.C.J., Taylor, R.S., Neuman, C., Hatje, E., Tamplin,
M.L., Katouli, M., Bowman, J.P. 2014. Pyrosequencing-based
characterization of gastrointestinal bacteria of Atlantic salmon
(Salmo salar L.) within a commercial mariculture system. Journal of
Applied Microbiology 117:18-27. https://doi.org/10.1111/jam.12514

Zarkasi, K.Z., Taylor, R.S., Abell, G.C.J., Tamplin, M.L., Glencross, B.D.,
Bowman, J.P. 2016. Atlantic salmon (Salmo salar L.) gastrointestinal
microbial community dynamics in relation to digesta properties and
diet. Microbial Ecology 71:589-603. https://doi.org/10.1007/s00248-
015-0728-y

Zhang, C., Rahimnejad, S., Wang, Y.R., Lu, K., Song, K., Wang, L., Mai, K.
2018. Substituting fish meal with soybean meal in diets for Japanese
seabass (Lateolabrax japonicus): effects on growth, digestive
enzymes activity, gut histology, and expression of gut inflammatory
and transporter genes. Aquaculture 483:173-182. https://doi.org/10
.1016/j.aquaculture.2017.10.029

Zhang, F., Zhang, W., Mai, K., Sun, R. 2012. Effects of replacement of
dietary fish meal by soybean meal on growth, digestive enzyme
activity and digestive tract histology of juvenile large yellow croaker,
Pseudosciaena crocea R. Periodical of Ocean University of China
42:075-082.

Zhang, J., Yu, P., Huang, J., Ji, H., Qiu, L., Yang, K. 2013. Effects of fish
meal replacement by defatted silkworm pupae on growth
performance, body composition and health status of Jian carp
(Cyprinus carpio var. Jian). Chinese Journal of Animal Nutrition
25:1568-1578.

Zhou, Q.C., Yue, Y.R. 2010. Effect of replacing soybean meal with canola
meal on growth, feed utilization and haematological indices of
juvenile hybrid tilapia, Oreochromis niloticus x Oreochromis aureus.
Aquaculture Research 41:982-990. https://doi.org/10.1111/j.1365-
2109.2009.02381.x

281 (@

Asian Fisheries Science 35(2022):269-281


https://doi.org/10.1016/j.peptides.2012.03.030
https://doi.org/10.1016/j.peptides.2012.03.030
https://doi.org/10.1111/are.13611
https://doi.org/10.1038/ismej.2013.181
https://doi.org/10.1038/ismej.2013.181
https://doi.org/10.1016/j.aquaculture.2019.734659
https://doi.org/10.1111/jam.12514
https://doi.org/10.1007/s00248-015-0728-y
https://doi.org/10.1007/s00248-015-0728-y
https://doi.org/10.1016/j.aquaculture.2017.10.029
https://doi.org/10.1016/j.aquaculture.2017.10.029
https://doi.org/10.1111/j.1365-2109.2009.02381.x
https://doi.org/10.1111/j.1365-2109.2009.02381.x

