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Abstract

Culture of fish is increasing day by day to fulfill 
the demand of growing population as good protein 
source. For constant and excess capturing, global 
fish stock is depleting continuously. So, implemen-
tation of new techniques has been started to increase 
production in aquaculture sector. Fish meal contains 
a high nutritional profile making it one of the most 
important components in fish diet. Due to economical 
and availability issues, alternative protein source is 
needed as a replacement of fish meal protein. Some 
experimental feeding trials have been made with 
insect based meal as substitution, making it a desir-
able candidate. Insect such as black soldier fly, silk-
worm, housefly, locust, meal worm have been used 
as they are rich in protein, lipids, vitamins, minerals 
and poor in anti-nutritional factors. They have easy 
rearing facilities and better biomass production with 
a satisfactory nutritional profile than any other ani-
mal protein source. Low level of inclusion of insect 
meal (25-30%) in fish diet has improve growth rate, 

survivability, feed conversion ratio and immunity of 
the target species. Research work must be carried out 
for large scale farming, production and processing of 
insect meal by keeping in mind their impact on food 
safety and environment.
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Introduction

Due to rapidly growing human population, demand 
of fish is increasing day by day as a cheap source of 
protein. So research works are being done for better 
commercial production by maintaining sustainable 
environment. To increase fish productivity, fish feed 
is the most important factor. Plant protein sources are 
difficult to use as feed ingredients due to presence of 
anti-nutritional factors, non-starch polysaccharides, 
as well as the amino acid and fatty acid profiles, which 
are less suitable for fish (Daniel 2018). Among all the 
animal protein sources, fish meal has become a good 
substitution as it has a better nutritional profile and is 
easily digestible. In current condition due to scarcity 
of fish meal, the price is increasing day by day. So 
a suitable, economical and environmental friendly 
alternative protein source is necessary to find out as 
major group of commercial fish species are either 
carnivorous or omnivorous.

Recently, the insect-based protein sources have 
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come to limelight as they can easily generate food 
from organic waste. Need of feed is 6 times less for 
them as they produce less greenhouse gases emission 
than cattle (Frangoul 2016). Reproduction of insects 
need smaller surface on waste stream and short period 
of time making their yield higher per hectare than 
other crops (Verbeke et al. 2015). They have a good 
nutritional profile comprising of different essential 
and non-essential amino acids, saturated and unsat-
urated fatty acids, vitamins, minerals, polysaccharide 
polymers, bioactive compounds, antioxidants, anti-
microbial and immune-stimulatory factors with high 
FCR (Harikrishnan et al. 2012).

Thus insects can be used as fish feed ingredient 
and alternative source of protein, which can partly 
or completely substitute fish meal. Among all in-
sects’ larvae and pupae of black soldier fly, larvae of 
housefly, mealworm, silkworm pupae, adult crickets, 
grasshoppers have shown better result. The nutritional 
composition of important insects generally used in 
aquaculture are shown in table 1.

Use of insects as fish feed

Black soldier fly (Hermetia illucens)

Black soldier fly (BSF) is a common insect in trop-
ical and subtropical regions and now it is spreading 
worldwide. Before becoming pupae, larvae nourished 
themselves from decomposed organic matter with 
help of enzymes like amylase, lipase, protease and 
intestinal flora combining proteobacteria, bacteroides.

Culture of BSF is a easy process as during the 
time of harvest they fly to clear substrate leaving the 
decaying substrate. Now-a-days several experiments 
have been done to replace different protein meals (fish 
meal, soyabean meal) with BSF larvae meal. Chopped 
BSF larvae (BSFL) and whole larvae were mixed 
with commercial feed of channel catfish. Chopped 
meal showed more acceptance of rather than whole 
BSF. Though BSF fed fish aroma is acceptable to fish, 
there was a reduction in feed efficiency ratio but their 
growth rate showed better result. For yellow catfish, 

Table 1.  Nutritional composition of important insects generally used in aquaculture.

Nutritional                               Black                                                                                                Yellow                      Locust
component                           soldier fly                   Housefly                       Silkworm                   mealworm                 (Cricket)

Crude protein	           42-56%	         50-62.4%                      60.7-81%	          52.8-82.6%	         63-76.5%
Methionine	 2.1*	 2.2	 3.5	 1.5	 1.4
Valine	 8.2	 4	 5.5	 6	 5.1
Isoleucine	 5.1	 3.2	 5.1	 4.6	 4.4
Leucine	 7.9	 5.4	 7.5	 8.6	 9.8
Phenylalanine	 5.2	 4.6	 5.2	 4	 3
Tyrosine	 6.9	 4.7	 5.9	 7.4	 5.2
Histidine	 3	 2.4	 2.6	 3.4	 2.3
Lysine	 6.6	 6.1	 7	 5.4	 5.4
Arginine	 5.6	 4.6	 5.6	 4.8	 6.1
Glutamic acid	 10.9	 11.7	 13.9	 11.3	 10.4
Aspartic acid	 11	 7.5	 10.4	 7.5	 7.7
Proline	 6.6	 3.3	 5.2	 6.8	 5.6
Glycine	 5.7	 4.2	 4.8	 4.9	 5.2
Alanine	 7.7	 5.8	 5.8	 7.3	 8.8
Lipid	 26%	 18.9%	 25.7%	 36.1%	 17.3%
Palmitic acid	 16.1%	 31.1%	 24.9%	 21.1%	 23.4%
Stearic acid	 5.7%	 3.4%	 5.4%	 2.7%	 9.8%
Oleic acid	 32.1%	 24.8%	 24.3%	 37.7%	 23.8%
Linoleic acid	 4.5%	 19.8%	 6.3%	 27.4%	 38%
Linolenic acid	 0.19%	 2%	 36%	 1.2%	 1.2%
EPA	 0.03%	 -	 0.2%	 -	 -
DHA	 0.006%	 -	 -	 -	 -
Ca:P ratio	 8.4	 0.29	 0.63	 0.35	 1.28

*Amino acid composition value is as per g/16 g nitrogen. Data is collected from the published paper of Alfiko et al. (2022). 
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when 25% of fishmeal protein was replaced with 
BSF larvae meal, it showed good growth (Zhang et 
al. 2014). Manure reared chopped BSF larvae meal 
increased 28% feed efficiency and 140% weight gain 
in blue tilapia. When 50% of fishmeal protein was 
substituted with BSF prepupae meal reared in cattle 
manure, it showed a slight difference in growth of 
rainbow trout. There was no change in growth, feed 
efficiency by using BSFL meal for Atlantic salmon. 
It did not affect the volatile organic composition and 
fillet quality but it slightly increased the n-3 PUFA 
in this fish (Lock et al. 2014). The growth, fillet 
sensory parameters, nutritional utilization, apparent 
digestibility coefficients of protein, lipid, amino acid, 
fatty acids, digestive enzyme activities were not af-
fected when fishmeal was substituted with BSFLM 
in Atlantic salmon (Weththasinghe et al. 2021). All 
the experiments showed that there was reduction in 
feed intake rate when inclusion rate of BSF was more. 
The larval extract of BSF showed inhibitory affect 
to gram negative bacteria, thermo-tolerant coliforms 
(Lalander et al. 2015). Better assimilation of BSF 
protein has been observed for climbing perch (Ana-
bas testudineus) than fish meal protein (Vongvichith 
et al.2020). Jahan et al. (2021) also observed that 
common carp fry showed better protein efficiency 
ratio for BSF meal than fish meal. Defatted BSFM 
showed increased catalase activity and anti-oxidant 
status in Jian carp juveniles after 60 days feeding 
trial when 50% fishmeal protein was substituted with 
BSFM (Li et al. 2017).

Housefly (Musca domestica)

The application of housefly as a fish food supplement 
has primarily been explored in freshwater fishes. 
Limited edition 25-30% of HFMM in fish diet had 
a better growth rate for African catfish. More than 
30% inclusion rate of HFM in catfish diet showed 
lower growth performance in catfish (Saleh 2020). 
When feed was mixed with wheat bran and maggots 
@4:1 ratio nile tilapia showed good FCR, SGR and 
survival rate. 15-68% substitution of fish meal with 
HFM showed higher growth performance, better 
survival rate and good fatty acid profile in tilapia. 
Wang et al. (2017) experienced that HFMM @18 
gm/kg feed increased flesh quality in tilapia. When 
20% of fishmeal protein was substituted with HFMM, 

no adverse effect was found in nile tilapia (Alofa 
et al. 2020). But complete substitution of fish meal 
with HFMM showed adverse effect like reduction 
in growth rate, decrease of phagocytosis. According 
to Li et al. (2019), incorporation of HFMM in fish 
diet increased the serum activity in common carp 
and black carp. It also enhanced hepatic index, C3, 
C4, CAT level at 4.2 % inclusion rate. Phagocytic 
activity and inert immunity system were improved 
in red sea bream with low level inclusion of HFMM. 
Multiple trial have shown that inclusion of HFM in 
diets increased growth rate, FCR, feeding efficiency 
and reduced physiological stress in fishes.

Silkworm (Bombyx mori)

90% of silk production in India happens from mulbery 
silkworm (Bombyx mori). Silkworm makes a raw silk 
coccon for its self-protection purpose. After releasing 
silk fibers, the remaining silkworm  pupae (SWP) are 
used as feed ingredient.

Fermented SWP incorporated feed showed better 
feed conversion ratio (FCR) and specific growth rate 
(SGR) than untreated SWP in IMC. Non defatted and 
defatted silkworm pupae meal (SPM) showed no 
adverse effect on FCR and growth rate, organoleptic 
quality of common carp when replaced with 50% 
FM protein (Karthick Raja et al. 2019). Fermented 
SWP silage resulted better growth than using FM 
incorporated diet with fresh silkworm pupae meal in 
the polyculture system of catla, mrigal, rohu and silver 
carp. Silver carp showed better growth in pellet feed 
prepared with SWP, clam meat and shrimp wastes. 
SWP also improve whole body protein deposition in 
minor carp (Ji et al. 2015). Different marine fishes like 
chum salmon, ayu, rainbow trout, flounder, sea bass 
resulted better effects when FM in their diets were 
substituted with SWP at different levels (Dheke and 
Gubhaju 2013). When fish meal was replaced partially 
with deoiled SWP, mahseer showed better growth 
rate. It showed better growth rate also in Clarius 
batrachusas. In ornamental fish industry SWP sub-
stitution showed satisfactory result for silver barbs, 
gourami, zebra fish, rainbow shark. Positive results 
were observed when 30-50% defatted or non-defatted 
SWPM were given to rohu, common carp, mahseer 
and rainbow trout (Astuti and Komalasari 2020). In 
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freshwater prawn, SWP incorporation at 8.6% by 
weight to replace 100% FM protein showed good 
growth performance. 16.9% inclusion rate of SWP at 
dry matter basis also resulted better feed efficiency for 
abalone juveniles. Now a days, high value proteins 
and bio active peptides are prepared using SWP in 
industry level which gives more profit than using SWP 
in fish feeds (Altomare et al. 2020).

Yellow meal worm (Tenebrio molitor)

Yellow mealworm (YMW) is the larval stage of beetle 
of Tenebrionidae family. Fresh and dried YMW have 
been used in aquaculture as fish feed for several years. 
In African catfish, YMWM increased growth and 
feed utilization efficiency by substituting 40% fish 
meal protein. In common catfish and yellow catfish 
it increased immunological responses and bacterial 
resistance at 18% inclusion rate. Sea breams showed 
better growth performance and good FCR when 25% 
fishmeal protein was substituted with YMW but 50% 
substitution showed negative impact on growth rate 
(Piccolo et al.2014). The mealworm diet at 25% by 
weight showed no difference in growth performance 
of rainbow trout (Gasco et al. 2014). Full fat meal-
worm diet increased fatty acids, including C16:0, 
C18:1n9, and C18:2n6 but  EPA and DHA gradually 
decreased in fillets. Dietary mealworm ingredient in 
the diet of rainbow trout up to 14% increased growth 
traits (Jeong et al. 2020). There was reduction in FCR, 
SGR value in European sea bass when more than 50% 
YMW was incorporated in fish diet. Su et al. (2017) 
observed that YMW based diet increased non specific 
immunity in fish. YMW diets also increased the level 
of different immunological parameters like serum 
MDA, SOD, glutathione peroxidase, myeloperoxi-
dase activity in fishes (Sankian et al. 2018). Immune 
response in Litopenaeus vannamei improved when 
50% fish meal protein was replaced with mealworm 
(Choi et al. 2018). The chitin content of mealworm 
helped to activate immune cells in fishes. It also act-
ed as prebiotic by increasing gut microflora. YMW 
supplements also improved protein digestibility in 
fish (Ana et al. 2020).

Locust

Locust is a group of edible insects including grass-

hoppers, crickets. Locust/cricket meals are always 
formulated with other ingredients. In African catfish, 
grasshopper meal and desert locust meal showed bet-
ter result after substitution of 25% fish meal protein 
(Alegbeleye et al. 2012). In walking catfish, grass-
hopper meal increased histological and physiological 
parameters along with hematological parameters. 
Locust meal increased nutrient digestibility when it 
was replaced with 25% fish meal protein in finger-
lings of nile tilapia (Abanikannda 2012). There was a 
reduction in FCR and feed intake rate causing lower 
growth when locust meal was incorporated at more 
than 30% rate. In perch, a 12 week feeding trial was 
done by replacing 25% fish meal protein with house 
cricket meal which increased growth rate, survivabil-
ity and FCR. 60% cricket meal with 40% rice bran 
showed best growth and survival rate in hybrid tilapia 
(Lee et al. 2017). 20% inclusion of house cricket meal 
improved linoleic fatty acid and a total level of n-6 
fatty acids fillets, increased survival rate and FCR 
but reduced growth rate in perch (Tilami et al. 2020). 
More feeding trials are required to ensure safe use of 
locust meal in aquaculture.

Others

Some feeding trials have been done with others 
insects and used as alternative protein sources apart 
from above mentioned five insects.

Termite belongs to group of insects of order 
Isoptera. It is closely related to ants. Mendi termite 
(Macrotermes subhyalinus) was used in diets of Afri-
can catfish with soyabean meal resulting an increase 
in protein and lipid level in fish body (Sogbesan and 
Ugwumba 2018). Subterranean termite (Macrotermes 
sp.) with soyabean meal at 75:25 ratio also resulted 
good growth performance and survival rate of this 
species. Rhinocerous beetles (Oryctes sp.) powder 
used in pellet diets showed no adverse effects on 
health of gold fish, common carp, climbing perch 
and oscar. Fakayode and Ugwumba (2013) observed 
negative impact on growth rate after complete re-
placement of fish meal protein with Oryctes sp. pow-
der in mud catfish. 25% replacement showed better 
result in terms of nutrients utilization, FCR, ADC, 
feed intake rate, growth performance. House crickets 
in dried form showed lowest specific growth rate in 
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walking catfish. Diet of Acheta sp. and fish meal @ 
1:3 showed best growth and nutritional indicts with 
100% survival rate in fishes. Jamaican field cricket 
(Gryllus assimilis) also improved growth rate in nile 
tilapia fingerlings (Fontes et al. 2019).

Processing of insects

To make insects available throughout the year, techni-
cal knowledge is necessary to make ambient rearing 
management and consistent larval production. Some 
insect rearing start-up enterprises have been made all 
over the world mainly in Europe, China, and Thailand. 
Critical factors such as appropriate rearing conditions 
and feeding formulations are necessary for large-scale 
manufacturing of insect-based feed. Details of the 
different steps required for processing was established 
by Rumpold et al. (2017). To produce insect meals 
the following steps are followed generally –

1. We have to first ensure the availability of the
	 particular insect biomass in that area
2.	 Decontamination is then carried out with the help 
	 of thermal or radiation processes.
3.	 Third step is drying the whole insect or pupae or 
	 maggot by convection or radiation.
4.	 Then insects are broken into small pieces by 
	 grinding. During this time some insects (Eg- yel
	 low mealworm) need extraction of fat by defatting 
	 process.
5.	 Then, chitin must be removed from the insect meal 
	 by fermentation process with the help of micro-
	 organisms.

For insect mass raising and breeding environ-
mental conditions must be controlled to optimize 
their growth.

Conclusion

Insect meal must have good nutritional profile, price, 
quality and year round availability to compete with 
traditional protein resources for aquaculture. After 
numerous experimental trials, it can be told that in-
sect can be a good replacement for fish meal protein 
in diets of carnivore and omnivore fishes. Though, 
complete substitution of insect meal with fish meal 
protein is controversial as it reduces growth rate, feed 

intake rate, phagocytic activity but 25-30% replace-
ment has given the best result. In future, research 
work must be done on – increase the nutritional value 
of insects through standard feeding, effect of insect 
meal on immunology and physiology of fish, study 
on insect meals on molecular basis, development of 
cost-effective mass scale rearing facilities of insects, 
life cycle assessments and impact of feeding insect 
meal on quality and social acceptance of the fishery 
product. Sanitation measures like safe use of culture 
substrate must be ensured as insect can convert bio-
waste into valuable protein resource. Overall, a proper 
framework is needed for this. Besides experiments on 
feeding trials, the economically viable production of 
insects into mass scale is necessary. In the near future, 
insect farming to produce them as a fish feed ingre-
dient will affect aquaculture substantially making it 
more profitable.
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