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Abstract

Insects are part of the natural diet of fish and poultry species and to a lesser extent of pigs, dogs and cats. In
traditional farming, poultry gather their food in a free roaming manner, and insects are part of the diet. Similarly, a
large fraction of the diet of freshwater fish consists of aquatic insects. These features are exploited by farmers all over
the world, as feed costs are high. For example, farmers lure termites to baskets filled with organic matter, and the
insects are then fed to chickens. They also employ light sources above fishponds to attract insects for their fish. More
sophisticated methods are, for example, attracting naturally occurring houseflies to containers filled with organic
waste, e.g. manure. The captured maggots or pupae are then fed to poultry. We discuss the following insect groups
as feeds for poultry, pigs, fish, dogs and cats: bees, caterpillars, cockroaches, flies, grasshoppers and termites. Feed
for poultry can also consist of insect pests, which are then controlled at the same time, for example ducks to control
rice pests. Moreover, leftovers from the silk industry can be used to feed chickens, pigs and fish. Insects are also
commonly used as bait for fishing. The interest in a more industrial production of insects such as the black soldier
fly and housefly as animal feed started in the 1970s. In the last 15 years, large-scale rearing of insects for animal feed
has taken off, with the industry receiving more than 1.5 billion dollars in investment. The market is expanding, the
legislation is becoming more conducive, while academic interest is increasing exponentially. The environmental,
nutritional and functional benefits of insects as feed are becoming more and more recognized. Insects are poised to
play an increasingly prominent role in shaping the future of animal feed production.
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1 Introduction

In the Western world before 2010, there were several
companies rearing insects as feed for birds, reptiles, and

aquaria fish, providing them to hobbyists or zoos. The
worldwide interest in farming insects either for food and
feed surged after the publication by FAOof the book Edi-
ble Insects: Future Prospects of Insects as Food and Feed

Published with license by Koninklijke Brill BV | DOI: 10 . 1 163/23524588-00001232
© A. van Huis et al ., 2024 | ISSN: 2352-4588 (online)
This is an open access article distributed under the terms of the CC BY 4.0 license.

Downloaded from Brill.com 08/21/2024 02:03:53PM
via Open Access. This is an open access article distributed under the terms

of the CC BY 4.0 license.
https://creativecommons.org/licenses/by/4.0/

https://dx.doi.org/10.1163/23524588-00001232
https://www.brill.com/jiff
https://orcid.org/0000-0002-4213-4539
https://orcid.org/0000-0002-3169-352X
https://orcid.org/0000-0002-6728-4859
https://orcid.org/0000-0003-2160-9643
https://orcid.org/0000-0002-0769-5234
https://orcid.org/0000-0002-1829-7936
https://dx.doi.org/10.1163/23524588-00001232
https://creativecommons.org/licenses/by/4.0/


2 A. van Huis et al.

(Van Huis et al., 2013). The likely reason for this sudden
interest was that the atmosphere for promoting insects
as food and feed had become much more conducive.
Society started to realize that food systems need to be
reconfigured in the face of climate change (Loboguer-
rero et al., 2020) and circularity is an important part
of these systems (Van Zanten et al., 2023). Therefore,
the use of insects in addressing environmental problems
in food production attracted attention because insects
are highly efficient in converting organic side streams
(e.g. fruits, vegetables, and even manure) into insect
biomass, contributing to a circular economy. In addi-
tion, the sustainability of high protein feed ingredients
such as fishmeal and soybeanmeal, is being questioned,
e.g. farming soy can involve deforestation, biodiversity
loss, and the use of pesticides (Van Huis and Gasco,
2023). Insect ingredients are also a valuable source of
nutrition for animals with many possible health bene-
fits (Gasco et al., 2021). At this moment, the industry of
insects as feed is growing rapidly and billions of dollars
are being invested. The black soldier fly (Hermetia illu-
cens) is by far the most mass-produced species for feed
and petfood, whereas another dipteran species that can
be used is the common housefly (Musca domestica). Sev-
eral mealworm (Tenebrionidae) species are also used as
feed: the yellowmealworm (Tenebrio molitor), the lesser
mealworm (Alphitobius diaperinus), and the superworm
(Zophobas morio). Several orthopteran species can also
be used, such as crickets or grasshoppers.

The question is, however: Were insects used as feed
before the industry started to mass-rear them for this
purpose? In the Western world, it was known that
insects are used as bait for fishing. However, in trop-
ical regions, insects were employed as feed in a tradi-
tional manner. This probably had to do with the indige-
nous knowledge of farmers about how to exploit the
natural feeding behaviour of their production animals
(Musundire et al., 2021). Another motivation for small-
holder farmers was the need to look for sustainable
alternatives to the expensive imported feed ingredients,
such as fishmeal and soybean meal. In most develop-
ing countries, 30-80% of the total poultry population is
farmed by smallholder families, who cannot afford those
costs (Mottet and Tempio, 2017).

This review deals with the use of insects as feed in
common production animals (poultry, pigs, fish) and
pets (dogs, cats). Pets are included considering that pet
food is the largest market for insect protein, at least in
2020 (De Jong and Nikolik, 2021). The purpose of the
article is to give an overview of the transition of insects
from being part of the natural diet to becoming a part

of industrial production for animal feed. The first part
deals with animals that naturally use insects as feed. As
insect pests are also consumed by production animals,
the second part deals with how they can be controlled
by feeding them to animals. The third part is about how
insects can be used as bait for fish and chickens. The
fourth part deals with the transition from traditional to
industrial systems, often starting with manipulating the
environment to increase the availability of insects.

Insects, natural diet for animals
Insects are natural food sources for many fish and poul-
try species. To a lesser extent insects are also a natural
food for pigs, dogs and cats. Even for primates they are a
natural food (Sutton, 1990). For instance, termites of the
genus Macrotermes are consumed by gorillas and chim-
panzees (Deblauwe and Janssens, 2008). In theWestern
world it has only been realized in the last two decades
that humans can also eat insects, something that was
already known and common practice in several tropical
countries (Van Huis, 2018). The use of insects as human
food is very well documented; however, the information
on insects used as feed is scanty. We will deal with this
limited information and start with insects being the nat-
ural diet for poultry, pigs, fish, dogs and cats.

Poultry
Among the animal groups, insects are consumed most
by poultry species. Not surprisingly, as most avian
species are insectivores and consume between 400 and
500million tons yearly (Nyffeler et al., 2018). Eighty per-
cent of the birds breeding in Central Europe feed on
insects at least temporarily and in North American 61%
of the birds are primarily insectivorous, 28% were par-
tially insectivorous, and only 11%were not insectivorous
(Capinera, 2010, p. 126). Savory (1989) reviewed a num-
ber of studies about the percentage of invertebrate food
in diets of wild chicks of 21 gallinaceous species. In the
first two weeks of life, 16 species were recorded as eating
50-90% (and some studies even more than 90%) inver-
tebrate food; in the second two weeks, eight species ate
more than 50% and six species less than 10%; and in the
second month of life, 15 species were recorded with less
than 10%. Concerning the domestic fowl Gallus gallus
(free roaming), the same author found percentages of
50-90 of invertebrate food during the first month and
10-50 in the second month. Protein (Heuser, 1941) and
energy (Yang et al., 2020) requirements seem to be pro-
portionate to the rate of growth, but the amino acid
composition also plays a role (He et al., 2021).
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Ravindran and Blair (1993) listed a large number of
insect groups being used as poultry feed: grasshoppers,
crickets, cockroaches, termites, silkworms, flies (larvae
and pupae) and bees.

In free-range farming systems, chickens are allowed
to forage freely in the backyard. The scratching and
pecking of free-range chickens expose insects in the
soil, litter and among plants. In Africa, 80% of poul-
try production is produced traditionally, which means
that the animals gather their food in a free-roaming
manner (Goromela et al., 2006). As feed constitutes 60-
70% of the total cost of production, attempts are made
to reduce those costs (Thirumalaisamy et al., 2016).
In Bangladesh, small-scale family poultry systems also
account for 80% of total poultry production (Huque,
1999). In this study, analysis from the crop and gizzard
of laying hens showed that under these scavenging con-
ditions phosphorus and protein were the most limiting
nutrients. Rice grain, boiled rice and vegetable materi-
als, as well as insects and earthworms were found in
the crop. Another study in Bangladesh also studied the
crop content of scavenging layers and broilers (Rashid et
al., 2004). In the crop they found grains, kitchen waste,
vegetables and as animal protein, small snails, earth-
worms, ants, flies, and cockroaches. They also found that
the feed was deficient in protein, phosphorus and cal-
cium. Both studies conclude that supplementary feed
will increase the performance but that the price is too
high to make it profitable.

Pigs
Few herbivorous animals, such as hogs, deliberately feed
on insects (Capinera, 2020, p. 114). Wild pigs mainly eat
vegetative material (like roots), but they are omnivores
and therefore also eat insects (Ditchkoff and Mayer,
2009). An analysis of the percentage volume of food
items in stomachs of male and female boar in the
three Brazilian ecoregions in 2015 and 2016 showed 3%
(Cervo and Guadagnin, 2020). However, this figure can
differ depending on the season: during the flooding and
dry seasons in the Pantanal ecoregion for the same years
these levels were 10% and 1%, respectively, with fre-
quencies of occurrence of 70% and 13%, respectively.

Fish
Insects are also part of the natural diet of carnivorous
and omnivorous fish, both in freshwater and marine
habitats (Henry et al., 2015). Most of the diet of juvenile
salmon feeding in freshwater consists of invertebrates,
either those drifting on the water surface, in the water,

or from benthic invertebrates on the streambed surface
(Johansen et al., 2011).

According to Macadam and Stockan (2015) the con-
tribution of aquatic insects to the diet of freshwater fish
varies depending on the size of the body of water, fish
species and size, and season. They list several studies
showing that more than half of the diet of six predatory
fish species consists of aquatic insects belonging to the
orders Ephemeroptera, Diptera and Trichoptera.

Dogs and cats
Bosch and Swanson (2021) discuss the natural occur-
rence of insects in the diet of dogs and cats. The dog is a
direct descendent of the grey wolf (Canis lupus), and the
cat of the wildcat (Felis silvestris). Insects were present
in 5 out of 50 described diets of wild wolves, but with
negligible contributions. Plantinga et al. (2011) reviewed
27 studies on free-roaming feral cats showing that they
are obligatory carnivores and that invertebrates consti-
tute only 1-2% of their diet. Pearre and Maass (1998)
estimated the consumed biomass of insects in 35 diets
to be only 0.5%.

2 Insect pests as animal feed

The occurrence of locust plagues may be an incentive
to use them as feed for chickens (Adeyemo et al., 2008).
While this is not an appropriate way to control the pest
(Van Huis, 2021b), it is an opportunity to obtain a free
feed source. However, it may pose a feed safety risk as
locusts are commonly controlled by pesticides.

Can insect pests be controlled by using chickens
(Clark and Gage, 1996)? An example is the Mormon
cricket (Anabrus simplex), an agricultural pest in the
USA, which is eaten by many bird species (La Rivers,
1941). Its potential as chicken feed was already men-
tioned in 1929 by Cowan (1929). Therefore, they can
be harvested from nature and fed to broiler chicks as
a high protein feed, improving performance compared
to a corn-soybean meal (Defoliart et al., 1982).

In China, ducks in the paddy fields prey on 12 orders
of insects reducing important rice pests such as plan-
thoppers (Delphacidae), stem borers (Chilo suppres-
salis), and leaf rollers (Cnaphalocrocis medinalis), while
supporting their growth and survival (Teng et al., 2016).
They also fertilize the rice fields. Rice-duck integrated
farming is practised in Japan, South Korea, Vietnam,
Myanmar, Philippines, Malaysia, and southern China.
Other benefits found inVietnam are that the ducks need
no housing, management or feed, and produce meat
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and eggs (Men et al., 1999). Furthermore, it has been
proposed to control grasshopper species by collecting
them and then use as feed for poultry (Anand et al.,
2008).

In Australia the wingless grasshopper (Phaulacrid-
ium vittatum) is a pest in viticulture, agricultural crops,
pastures and can be found almost everywhere (Khusro
et al., 2012). Birds, but also free-roaming chickens, can
effectively control this pest. Harvesting the insects from
natural habitats and feeding them to chickens was also
considered an option.

Larvae of the lesser mealworm can carry a wide
variety of poultry-specific and zoonotic viral, bacterial,
and parasitic pathogens (Smith et al., 2021). However,
Despins and Axtell (1995) found that broiler chicks per-
formed well when the consumption of beetles is small
in relation to feed consumption. Other experiments
with lesser mealworms on broilers have been conducted
since, e.g. Van der Heide et al., (2021).

Sayed et al. (2019) reported that soybean meal can be
substituted by up to 50% in Japanese quail (Coturnix
japonica) diets by meals of the African or Egyptian cot-
ton leafworm (Spodoptera littoralis), a general feeder
infesting several crops and vegetables, and the peach
fruit fly, Bactrocera zonata, an insect pest of a wide
range of fruits and vegetables. The authors suggested
that these two insect pests can either be collected or
reared on food residues, using the knowledge and expe-
rience acquired during mass-rearing for the application
of the sterile insect technique. The Egyptian cotton leaf-
worm can also replace fishmeal for about 50% in the
diet of Nile tilapia (Amer et al., 2021)

Oyegoke et al. (2006) evaluated the replacement of
fishmeal in broiler chick diets by meal from caterpil-
lars of the pallid emperor moth or shea defoliator, Cirina
butyrospermi, a pest known to defoliate shea trees (Vitel-
laria paradoxa), an economically important tree species
in the savanna region. The authors reported no nega-
tive effect on the performance and growth of chicks
fed entirely or partly with the caterpillar meal com-
pared with fishmeal. Similar results have been reported
in Nigeria with up to 75% replacement of fishmeal with
the silkworm Cirina fordameal in laying hen diets with-
out effects on feed intake, weight gain, egg production,
feed efficiency or egg quality characteristics (Amao et
al., 2010).

Meal from larvae of the silkworm Anaphe venata, a
pest of the tree species Triplochiton scleroxylon that is
used commercially for timber, has also been used as a
substitute for fishmeal in broiler chicken feed in Nige-
ria, without adverse effect on feed intake, body weight

gain, feed conversion and protein efficiency ratio com-
pared to the conventional fishmeal diet (Ijaiya and Eko,
2009). Additionally, the caterpillar meal was more cost
effective than the conventional fishmeal.

3 Insects as bait

In the realm of angling and fishing, the use of insects as
bait has long been standard practice, and many insect
species, such as ants, grubs, grasshoppers, nymphs (Ple-
coptera), crickets, and caterpillars are ideal for use
as live freshwater fishing bait for catching many fish
species (McCafferty and Provonsha, 1998).

In Africa, termites caught in the wild are used to
catch fish and birds. Silow (1983) reported the use of
snouted termites (Trinervitermes spp.) in Zambia as
fish bait in conical reed traps and as bait to attract
insectivorous birds (such as guinea fowl, francolins,
quails and thrushes). The birds were caught by setting a
snare across the broken top of a termite mound, where
soldiers amass for hours, a practice also known from
Congo. Fishermen in Chad and the Democratic Repub-
lic of Congo also use termite larvae as bait (Van Huis,
2017b). In Tanzania the larvae of Melolonthinae and
Tenebrionidae are used for fishing (Van Huis, 2021a).

In South America, insects are frequently used as bait
by fishermen. Dufour (1987) mentioned that female
alates of termites (Syntermes sp.) and a small caterpillar,
were collected in the Northwest of the Amazon as fish-
ing bait. Ruddle (1973) reported the use by Amerindian
ethnic groups from Colombia and Venezuela of uniden-
tified ants to catch sardines and dorado (Salminus
brasiliensis). In the artificial lake of Paranoá in Brazil,
fishermen used as bait black soldier fly larvae, known
as ‘boro’. The rearing and marketing of the fly became a
local economic activity (Santos and Coimbra, 1984).

Many species of insects (both wild and reared) are
used as bait for freshwater fish in North America (Peter-
son, 1956; McCafferty and Provonsha, 1998). In the early
1990s, a study of the bait industry in the USA was car-
ried out, analysing data from one thousand retailers
and wholesalers (Copes and Meronek, 1995; Meronek et
al., 1997). The most valuable insect baits, in descending
order of sales, were: ‘grubs’ (i.e. larvae of the dipterans as
‘spikes’ Calliphora sp., or ‘mousies’ Eristalis sp.); ‘waxes’
(i.e. larvae of the lepidopteran Galleria mellonella); and
may fly larvae (Hexagenia spp.). Smaller quantities of
crickets (Gryllus spp.), hellgrammites or dobsonfly lar-
vae (Corydalidae) and dragonfly larvae (Aeshnidae,
Libellulidae and Corduliidae) were also sold. The whole-
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salers reported that about half (54%) of their non-fish
bait was harvested from the wild and almost half (46%)
was farmed, but this varied widely between states.
Wholesalers reported that 100% of hellgrammites and
mayflies were harvested from thewild, whereas larvae of
waxworms (G.mellonella) andmaggots of hoverflies and
Calliphora vicina were reported to be more commonly
reared than harvested from the wild (85%) (Meronek
et al., 1997). The larvae of drone flies (Syrphidae: tribe
Eristalini) are preferred for certain types of specialist
fishing, such as ice fishing (Hollingsworth, 1967). There
was also a commercial fish bait production of the black
soldier fly in the USA prior to the current highly indus-
trial mass production of this species as feed (Booth and
Sheppard, 1984).

In Europe, a wide variety of insect baits have been
traditionally used for freshwater fishing (Ronalds, 1836),
includingmainly aquatic adult insects such as stoneflies
(Perlidae), caddisflies (Trichoptera), mayflies (Epheme-
ridae), alderflies (Sialidae), etc., but also terrestrial
insects such as flies, beetles, ants, etc. However, the
most frequently used insect baits today, i.e. housefly
larvae, and larvae of green bottle and blue bottle fly
larvae (both Calliphoridae), were not widely used until
the early twentieth century when massive rearing was
started by Arthur E. Bryan, ‘The Maggot King’ in the
United Kingdom, (Thompson, 1956; Wainwright et al.,
2007).

Unfortunately, the widespread use of mass-produced
insect larval baits has caused allergic reactions in some
anglers. Since the 1970s, baits containing larvae of
mainly blow flies (Caliphoridae), but also housefly lar-
vae, have been found to cause this reaction (Buisseret,
1978). Stockey et al. (1982) studied the first case associ-
ated with blue bottle flies, and Sestini and Innocenti
(1987) mentioned that larvae of Calliphora erythro-
cephala (actually Calliphora vicina) are also related. The
same problem occurred when yellow mealworm and
other insects were used as bait (Bernstein et al., 1983;
Siracusa et al., 1994). This was also the case for larvae
of Protophormia terraenovae, a blue bottle fly species
recently introduced as commercial fish bait (Porcel Car-
reño et al., 2009).

It is interesting to highlight that early experiments
to assess the role of insect biomass in aquaculture
started with aerial insects in the adult stage, which
were attracted by light over fishponds (Heidinger, 1971;
Merkowsky et al., 1977). In addition, the use of night
lighting also concentrates the number of aquatic insects
and zooplankton in a pond (Graves and Morrow, 1988),
partially avoiding additional feed supplementation and

consequently improving water quality (Harder and
Gotsch, 2007; Mischke et al., 2011). Most studies on the
‘attractor effect’ of night lighting and fish feeding have
been conducted in North America, but more recently
some have been conducted in South Africa (Rapatsa and
Moyo, 2017). Both nocturnal fish species such, as Ictalu-
rus punctatus, Sander vitreus or Clarias gariepinus, and
diurnal species, such as Oreochromis mossambicus have
been investigated. Rapatsa and Moyo (2017) indicated
that the insect groups eaten by the last two species in
South Africa were mainly moths and beetles. The adult
insects obtained had lower protein levels than fishmeal
and their numbers were low, therefore not supporting
optimal growth, particularly in winter. However, it was
still cheaper than fishmeal.

In several sub-Saharan countries, grasshoppers, such
as Zonocerus species (Z. variegatus and Z. elegans), are
used as bait for fishing. As such they may be sold to
fishermen. Several orthopteran species are also used for
fishing, such as the desert locust and the mole cricket
Gryllotalpa africana, but the wings must be removed
otherwise they float (Van Huis, 2022).

In Thailand, earthworms, yellow mealworms, ter-
mites, burrowing cockroaches (Pycnoscelus indicus), div-
ing beetles (Cybister limbatus), and the nymphs of the
American cockroach (Periplaneta americana) are com-
monly used as bait to attract fish. These baits are offered
both alive and frozen forms at fish bait shops (Attawit
Kovitvadhi, personal communication).

There is a long history of imitating aquatic insects to
catch fish. The sport and technique of fly-fishing does
just this, mimicking the appearance and behaviour of
mayflies and other insects used naturally as prey. The
earliest reference to the use of artificial flies was made
by a Roman poet at the beginning of the first century AD
(Radclife, 1921). While the societal benefits of aquatic
insect diversity in recreational fishing are clear (Morse,
2017), there are also economic benefits as mentioned by
Macadam and Stockan (2015). The authors report that
in Scotland the capture of Salmonid fish by fly fishing
is estimated to be worth £112 million annually, while
in the USA 25.4 million people are involved in freshwa-
ter fishing worth US $31.4 billion, which rely entirely on
freshwater invertebrates.

Even birds can use insects as bait for fishing. Sev-
eral species of herons (Ardeidae) and other water birds
around the world catch fish by picking up insects and
dropping them at deliberately chosen places in the
water (Ruxton and Hansell, 2011; Réglade et al., 2015; Jel-
bert, 2021).
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4 Insects traditionally used as feed

In West Africa, feed represents up to 70% of total pro-
duction costs (Omole et al., 2005). High protein feed
ingredients (fishmeal and soybean meal) are unafford-
able for smallholder farmers and fish producers, so for
many rural farmers in developing countries insects are
a low-cost and readily available source of supplemental
feed for poultry and fish. How do farmers all over the
world traditionally procure insects for their production
animals?

For edible insects for human consumption a number
of simple production systems are available (Van Huis,
2017a). However, for insects as feed there is much less
information available, and what there is, mostly deals
with feed for chickens.

We will discuss how different insect groups are used
traditionally as feed. These groups are caterpillars, crick-
ets and grasshoppers, termites, cockroaches and flies.
They are either already in use by farmers or have been
tested in experiments by researchers.

All insect groups
In Southeast Asia, fluorescent lights are suspended
above fish ponds to attract insects, which because of
the light reflection in the water fall into the pond where
fish eat them (Anonymous, 2019). During a trip in Lao
People’s Democratic Republic themain author observed
a light trap facing rice fields. The owner explained that
eachmorning he selected from the catch the insects that
could be consumed by the family, and the rest was given
to the chicks.

Night-time lighting not only attracts terrestrial insects
which can then be used as natural feed for pond fish but
it also concentrates the number of aquatic insects in a
pond which can then serve as food for fish (Rapatsa and
Moyo, 2017). The species that have been investigated
are nocturnal such as Ictalurus punctatus, Sander vitreus
and Clarias gariepinus, and diurnal such as Oreochromis
mossambicus. Rapatsa and Moyo (2017) found that the
last two species mainly eat moths and beetles in South
Africa. The adult insects have lower protein levels than
fishmeal and their numbers were low, therefore not sup-
porting optimal growth, particularly in winter. However,
it was still cheaper than fishmeal. Another advantage of
the method is that the water quality does not deterio-
rate, as is the case when using fishmeal.

The possible application of aquatic insects from a
sewage lagoon was suggested as early as 1972 (Schurr,
1972).Williams et al. (2021) reviewed the available infor-
mation on the use of aquatic insects of different orders,

e.g. Ephemeroptera, Odonata or Trichoptera, for food
and feed applications, as well as the existing proto-
cols for their harvesting. According to the authors their
potential as a nutrient source is considerable, although
the current use of most aquatic insect species is limited.

Incorporating the full fat meal of house crickets
(Acheta domesticus) and mulberry silkworm pupae
(Bombyx mori) at 20% and 14%, respectively, into dog
diets did not demonstrate any adverse effects on safety,
blood parameters, or faecal microbiota (Areerat et al.,
2021, 2023). Consequently, commercial products con-
taining these novel proteins have been introduced in
several countries. These protein sources are consid-
ered to have a lower likelihood of triggering food aller-
gies compared to conventional protein sources, making
them viable options for hypoallergenic diets for both
cats and dogs.

Lepidoptera
In West Africa, the shea caterpillar has often been stud-
ied as an ingredient in chicken or fish feed (Hien et
al., 2010; Anvo et al., 2017; Seidu et al., 2024). Several
caterpillars or pupae of lepidopteran species were tested
in Nigeria as a replacement for the commonly used
expensive fishmeal in chicken feed. The silkworms C.
forda (Oyegoke et al., 2006) and Anaphe infracta (Ijaiya
and Eko, 2009) were suitable for broilers and the latter
species also for layers (Amao et al., 2010). In Botswana
the mopane caterpillar (Gonimbrasia belina) can par-
tially or completely replace fishmeal in poultry diets,
but the seasonality is a problem (Moreki et al., 2012).
All these insect species are also used as human food.

Mulberry and non-mulberry silkworm pupae are a
major by-product of silk production: for each one kg
of raw silk, 8 kg of wet pupae (2 kg of dry pupae)
are produced (Sheikh et al., 2018). Discarded pupae
are an environmental concern. So, why not use silk-
worm pupae meal a protein-rich feed ingredient with
a high nutritional value? This also takes into consid-
eration that prices of soybean meal and fishmeal are
high. In many countries (Bangladesh, Brazil, China,
India, Pakistan and Thailand) experiments have been
done using the pupae for broilers, layers, pigs and fish.
According to Fagoonee (1983) 50% of fishmeal could
be replaced with ground spent silkworm pupae with no
adverse effect on broiler chicks, but higher inclusion lev-
els reduced consumption. Joshi et al. (1980) replaced
75% iso-nitrogenously of fishmeal with defatted silk-
worm pupae meal without affecting the egg production
of layers.
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The pupae of the Eri silkworm Samia ricini are not
eaten in Nepal, but considered as feed for poultry and
pond fish (DeFoliart, 1995). In contrast, while Eri silk-
worm pupae are consumed by humans in Thailand, the
taste of mulberry silkworm pupae is preferred. Con-
sequently, S. ricini silkworm pupae are used as feed
for broilers on small-scale farms, comprising up to
15% of the diet without any reported adverse effects.
This dietary inclusion has also been associated with
an enhancement in the yellow colour of the broilers’
skin (Kongsup et al., 2023). Also, the caterpillar frass
and rearing residue can be used for pond fish culture.
For example, in India, commercial sericulture activities
generate a lot of waste, consisting of leftover leaves, soft
twigs and silkworm excreta. This is normally used to
make compost and biogas, but Krishnan et al. (2011)
dried the sericulture waste and ground it to a powder
with a protein content of about 17%. This was fed to
poultry improving their feed conversion ratio, with a
similar feed intake and hence a higher bodyweight com-
pared to poultry fed the control diet.

Orthoptera
In India, four acridid species were suggested as poultry
feed (Anand et al., 2008) either by collecting them or
by farming them. Locust plagues are an opportunity for
using the insects as feed. Locusta migratoria has been
proposed to replace up to 25% of fishmeal for juvenile
Nile tilapia, Oreochromis niloticus (Abanikannda, 2012;
Emehinaiye, 2012), whereas for fingerlings of the same
fish species good results have been reported for the par-
tial replacement of fishmeal with meal of unspecified
grasshoppers (Okoye and Nnaji, 2005). Similarly, the
integration of grasshoppermeal into diets of the African
catfish, Clarias gariepinus, shows promise, either for
unspecified grasshoppers (Nnaji andOkoye, 2005) or for
the variegated grasshopper, Zonocerus variegatus (Aleg-
beleye et al., 2012). House crickets also appear to be a
good ingredient for chickens (Nakagaki et al., 1987).

Contradicting results have been reported for the
inclusion of field-collected grasshopper meal in broiler
diets, as they have been shown to suppress weight gain
and feed efficiency of broilers (Ojewola et al., 2003)
or efficiently support broiler growth and performance
(Ojewola et al., 2005). However, these differences might
be due to the various species and developmental stages
of the collected grasshoppers that may have subse-
quently affected the nutritional composition of the
grasshopper meals.

Blattodea (termites)
Termites have been traditionally used in African coun-
tries as poultry feed (Boafo et al., 2019; Boko et al., 2012;
Deng et al., 2024; Hien et al., 2005; Sankara et al., 2018;
Vorsters et al., 1994). In general, more than 40 termite
species belonging to four families have been reported
for food or feed applications (Figueirêdo et al., 2015).

Chickens or guinea fowls do not have direct access to
termites, which are protected by the termite mound. So,
in several sub-Saharan African countries, farmers break
up small termite nests (Microtermes spp.) or parts of ter-
mite mounds to feed the chickens or chicks (Van Huis,
2017b). The termite species used most are those of the
genera Cubitermis and Pseudoacanthotermes. According
to Diawara (2013), cited by Pomalégni et al. (2017), this
practice is very common, with 72% of the farmers in
South-Western Burkina Faso using termites to feed poul-
try.

The results of a recent survey in Burkina Faso among
1100 poultry farmers revealed that almost 80% of them
still use termites, at least occasionally, to cover their
domestic poultry’s nutritional needs (Sankara et al.,
2018), the most commonly used being the large, winged
Macrotermes. Similar results are also reported for Ghana
(Boafo et al., 2019).

Collecting termites directly by breaking their mounds
destroys the termite nests and may negatively affect the
African ecosystems. Trapping them in containers filled
with organic substrates as attractants can be amore sus-
tainable alternative (Boafo et al., 2019; Dao et al., 2020).
The method consists of putting dry stems of sorghum
or other cereals, such as dried maize cobs, in a clay pot
(Farina et al., 1991; Riise et al., 2004; Sanchez, 1996).
Water is added and the clay pot is turned upside down
with the opening on a termite gallery. The microclimate
within the pot is ideal for termites. After one to two days,
the number of termites is considerable, and the pot is
emptied for the chicks. However, the number trapped
is highly influenced by the type of container, the sub-
strate, the season, the habitat, the harvesting times and
the duration of trap deposition (Dao et al., 2022). Dao
et al. (2020) recently reviewed the techniques of har-
vesting termites in Burkina Faso, and reported that at
least five termite species are locally used in traditional
poultry farming. More specifically, it was stated that
species of the genera Odontotermes, Trinervitermes and
Macrotermes are commonly fed to chickens and guinea
fowls, whereas a Cubitermes species is sometimes used
to feed guinea fowls (Dao et al., 2020). The same termite
genera (Macrotermes, Trinervitermes andOdontotermes)
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have also been reported to be commonly used in Ghana
(Boafo et al., 2019).

Although Odontotermes termites can apparently be
provided to poultry ad libitum without adverse effect,
termites of the genusMacrotermes are recommended to
be fed to chicks older than one month, as soldiers can
bite and hurt chick throats. Toxicity concerns (likely due
to the diterpenes and monoterpenes that are released
from their snout to deter ants and predators) have
been raised for species of the genera Trinervitermes and
Cubitermes, especially when fed in excess (Boafo et al.,
2019; Dao et al., 2020).

Termite meal can also be used. A very detailed
description of using termites for poultry (chickens,
ducks, and guinea fowls) in many parts of Africa is given
by Iroko (1996, pp. 113-118). This concerns both meth-
ods: (1) cutting small termite hills and breaking them in
the compound where poultry is held (e.g. by using ash
sprinkled on the termites to prevent them escaping from
their dismantled nest); (2) the capture of termites in
pots as mentioned above. To reduce the cost of chicken
feed, Munyuli Bin Mushambanyi (2002) in the Demo-
cratic Republic of Congo collected termites (Kaloter-
mes flavicollis) and cockroaches (Blatta orientalis), both
considered harmful for agriculture and public health,
respectively; these insects were then dried and ground,
and given to broilers.

In East and southern Africa, some farmers feed
their fish termites, which are either collected by the
farmer or purchased from collectors throughout the
year (Rutaisire, 2007). The quantity obtained depends
on the number and size of termite hills on the farm. On
average, a termite hill yields approximately 50 kg per
annum. Besides raw or dried termites, locusts, fly mag-
gots and silkworm larvae are fed to trout, tilapia, catfish
and carp.

Replacing fishmeal withmeal from termitemeal from
oven-dried reproductive adults of Macrotermes subhyal-
inus, improved growth and performance in fingerlings
of Heterobranchus longifilis, a commonly cultured cat-
fish in Nigeria (Sogbesan and Ugwumba, 2008), the best
results being acquired with the 50% replacement, sug-
gesting the termites are complementary to the fishmeal.

Diptera
The Network for Smallholder Poultry Development pro-
duced a manual for rural poultry farmers worldwide
dealing with improved free-range systems consisting of
small flocks of 5-50 local or cross-bred chickens (Riise
et al., 2004). In these systems, many birds die very
young, due to predators, disease, starvation, adverse

weather conditions, and accidents. Among other things,
the manual provides information on the best time for
chickens to scavenge to procure most insects: early
morning and late afternoon. They can be supplemented
by providing maggots and termites as a cheap source of
a number of critical nutrients including trace minerals,
many vitamins and energy in addition to their value as a
protein supplement. These should be given to the small
chicks, as they have the greatest need for a good pro-
tein source. The maggots of flies (mainly houseflies) can
be obtained by the following rearing method: mixing
blood, offal, and cow manure in a large open pot, filled
with one third of water, and left open during the day so
flies can oviposit and closed during the night. After 5-10
days (depending on temperature), the maggots can be
collected by pouring water into the pot so that they float
and can be scooped off and fed to the birds.

Nzamujo (1999) describes a similar approach with
naturally exposed substrates to produce maggots in
Benin. Briefly, organic substrates (animal manure or
offal, rumen content, brewery waste, decaying fruits,
etc.) are placed on rearing beds on the soil to serve as
oviposition substrate. After some days, the substrate is
sieved to collect the maggots that are then fed to live-
stock animals, e.g. poultry, or fish, fresh or sun dried. The
productivity of this system greatly depends on the sub-
strate and the season; however, it is suggested that 3 to
4 kg of live maggots can be produced in 4 days using
10-15 kg of dry matter substrate in 1 × 1 × 0.1 m beds.

Cow and goat blood from a Nigerian slaughterhouse
mixed with wheat bran, rice dust and saw dust were also
used as attractant for flies (Aniebo et al., 2008). Mix-
tures of 25 kg blood and 5 kg wheat bran yield around
7 kg of fresh maggots Among the different animal and
vegetal substrates that have been tested as attractants
for flies in Côte d’Ivoire, animal offal attracts more flies
for oviposition and subsequently produces many more
larvae than fermented plant substrates (Bouafou et al.,
2006). In Cameroon, the exposure of cow dung and
chicken manure to flies for maggot production showed
that the latter was more efficient (Mpoame et al., 2004).

In Ghana and Burkina Faso, fresh housefly larvae are
collected from chicken manure and fed to chickens.
Téguia et al. (2002) also collected housefly larvae from
a commercial layer farm, but dried and milled them
and fed them to chickens. He concluded that broilers
performed well on maggot meal. Similarly, Dankwa et
al. (2002) supplemented the diet of scavenging chick-
ens with live housefly larvae and observed an overall
improvement in the birds’ performance in terms of egg
production and growth.
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A recent survey in Burkina Faso among 360 tradi-
tional poultry farmers showed that almost 15% of the
respondents use fly larvae, mainly of the housefly but
also of the black soldier fly, collected after exposure of
organic substrates to naturally occurring adult flies, for
poultry nutrition (Sanou et al., 2018).

Calvert et al. (1970) did an experiment with the aim
of solving the problem of poultry waste disposal. They
used the housefly in a simple rearing system to produce
a fertilizer and at the same time a high protein feed
supplement in the form of dried fly pupae for chick-
ens (Calvert et al., 1969). This is probably one of the first
publications on biotransformation of waste (manure) to
high-quality proteins. The first studies that dealt with
the black soldier fly converting manure to feed for pigs
were by Newton et al. (1977) and for poultry by Hale
(1973).

Kenis et al. (2014) identified the challenges in suc-
cessfully implementing small-scale production systems
of maggots that could be adopted by smallholder
farmers in developing countries. These are mainly the
selection of efficient and cost-effective substrates, the
enhancement of oviposition, egg collection and larval
extraction, as well as their drying and storing, and safety
issues related to human and animal diseases.

An open system has been established and success-
fully evaluated in western Kenya for attracting and
‘farming’ wild black soldier fly larvae, which can provide
local, small-scale farmers with a valuable source of pro-
tein for poultry and fish production and efficiently val-
orise locally available organic waste substrates of plant
and animal origin (Nyakeri et al., 2017).

In Guinea, black soldier fly larvae obtained from nat-
ural oviposition on fermented palm kernel meal in open
tanks were fed to tilapias with satisfactory results, how-
ever this production system was vulnerable to the fluc-
tuations in natural oviposition (Hem et al., 2008). In
Nigeria, the hybrid catfish Heteoclarias performed best
(yield and profitability) when fed with a 25% inclusion
of housefly maggot meal diet (Sogbesan et al., 2006).

In Hong Kong, several Chironomus spp. (Diptera: Chi-
ronomidae) are grown on chicken manure, providing
a nutrient source for aquarium and carnivorous fish in
fish culture, as well as a means for poultry manure man-
agement (Shaw and Mark, 1980).

Other aquatic Diptera, e.g. Simuliidae, Culicidae or
Chaoboridae, have also been proposed as feed for live-
stock after being collected from the wild; however, their
potential still needs to be tapped (Williams et al., 2021).

In Thailand, there is growing interest in the use of
black soldier flies for small-scale fish, poultry, and pig

farming to promote a circular economy. The insects are
attracted to their living areas using fermented pineapple
peels; fermented spent coffee grounds can also be used
(Khaekratoke et al., 2022). Organic waste from markets
is also repurposed as feed for black soldier flies.

Blattodea (cockroaches)
The meal of American cockroach nymphs (P. ameri-
cana) has been used as feed for juveniles of the Japanese
carp (Carassius auratus) (Hernández-Martínez et al.,
2008). Powder of the same cockroach could replace con-
ventional protein sources for Japanese quail (Coturnix
japonica) (Al-Salhie et al., 2021). It is also used as feed
in China, where the insect is reared for medical applica-
tions (Feng et al., 2018).

Hymenoptera
In Canada close to 2 billion kg of honeybees (Apis
mellifera) are killed after the honey-producing season.
However, they can be dried into meal and incorpo-
rated (150 g/kg) in diets of growing turkeys (Salmon and
Szabot, 1981). Nutritive value and extraction methods
are given by respecitively, Ryan et al. (1983) and Qzimek
(1985).

5 The first steps to industrialization

In this section, the developments from traditional to
industrial systems is reviewed for the different animal
groups, chickens, pigs, fish, dogs and cats.

Chicken
Houseflies in manure have long been controlled with
pesticides (Breeden et al., 1975). But it is also possible
to use a system in which the manure is used to collect
houseflymaggots and feed them to poultry. Another way
is to use the black soldier fly which lowers housefly pop-
ulations in competition (Miranda et al., 2019).

According to a survey in Benin, approximately 6%
of farmers produce housefly larvae to feed their flocks;
this rose to 25% in some departments (Pomalégni et
al., 2017). These farmers are often highly educated,
have larger flocks which are kept inside and have an
above average income. Larvae are obtained by leaving
substrates such as soy and maize bran, and pig and
chicken manure exposed in containers to attract natu-
rally occurring flies. This is a simple method for small-
holder African farmers as it only involves exposing the
substrates, from which the larvae can be extracted a few
days later. Koné et al. (2017) give recommendations to
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scale up this production, by for instance using trays in
stacked shelves.

A very cheap method is practised by poultry pro-
ducers in the KwaZulu-Natal Midlands in South Africa
to partly replace expensive chicken feed with home-
grown, live maggots (Joubert, 2012). They use a system
of two stacked buckets. A layer of chicken litter topped
with chicken offal is placed in the top bucket. Naturally
occurring flies enter the top bucket and lay eggs. The
maggots eat the offal, and when they are fully grown,
they burrow through the chicken litter and fall through
the fabricated holes into the bucket below. Then the
maggots are fed live to the chickens.

Insect production and use for poultry feed was
already reported back in the 1970s. The ability of the
housefly to bio-convert organic wastes such as manure
from chickens or pigs as well as municipal organic waste
was put to good use. The meal of the obtained lar-
vae or pupae meals were included in poultry feeds.
The results were equal to or better than those of diets
used as controls, which contained conventional protein
sources (soybean meal, meat and bone meals, or fish-
meal) (Calvert et al., 1969; Calvert et al., 1970; Miller et
al., 1974; Ocio et al., 1979; Papp, 1975; Teotia and Miller,
1973, 1974). An overview of the use of housefly mag-
gots for poultry and rodents is also provided by Ekonda
(2012).

From India Dhaliwal et al. (1981) reported feeding
broilers by replacing fishmeal at ratios of 50 and 100%
with dry housefly pupae meal; the weight gain was
3% and 21% less, respectively, compared to the con-
trol (without replacement). From Slovakia Chrappa et
al. (1990) showed that 3-5% of a commercial feed mix-
ture can be replaced with poultry excreta bioconverted
by housefly larvae (containing excreta and pupae) for
broiler chicks.

A more industrial method for converting poultry
waste into a high-protein feedstuff is mentioned by El
Boushy (1991). He proposed to convert manure from
caged layers with houseflies to produce housefly-pupa
meal. By adding a building to layer houses, it is possible
to continuously produce upgradedmanure composed of
pupa mixed with manure residues. This can be treated
by heating it up to 180 °C for sterilization, and then dry-
ing it for use as a well-balanced protein source.

Ramos-Elorduy et al. (2002) used the yellow meal-
worm, grown on several dried waste materials from
plant origins, as feed for broilers. Inclusion levels up to
10% in a sorghum-soybean meal basal diet for 15 days
showed the potential of yellow mealworms as a protein
source for broilers.

Since then, many experiments have been conducted.
Dörper et al. (2021) reviewed about 30 studies, most
published after 2015, indicating inclusion levels of black
soldier fly and housefly products in diets of broilers, lay-
ing hens, ducks and quails and their effect on digestibil-
ity, performance, product quality, and animal health in
diets that are isonitrogenous and isocaloric. The review
concludes that partial replacement of fishmeal or soy-
bean meal by fly larvae in feed is beneficial for poultry.
The challenges are to determine whether the provision
of live larvae can enhance poultry welfare, because of
increased foraging by the animals. However, it remains
to be seen what the optimal inclusion levels are and to
identify potential functional properties of insect-based
feeds.

The lesser mealworm was first considered a com-
mon insect pest for poultry; however, the perspective
has changed, and it is now seen as a potential nutri-
ent source, in particular for aquaculture (Rumbos et al.,
2018). Now,mostly the yellow, but also the superworm is
used as feed for poultry, pigs, fish and pets (Rumbos and
Athanassiou, 2023).

Pigs
One of the first studies dealing with insects fed to pigs
was conducted by Newton et al. (1977). He obtained
black soldier fly larvae from cattle faeces and urine
slurry, dried and ground them, and compared them to
soybean meal in pig feed. The larvae meal was accept-
able to the pigs. After that, various studies evaluated
the use of insects as pig feed. Hong and Kim (2022)
listed 21 publications between 2000 and 2021 with
most being very recent (last five years). These included
experiments with various insect species (black soldier
fly, housefly, mealworms) conducted in various coun-
tries. Nutritional values appeared to be adequate, but
establishing optimal levels of inclusion and determin-
ing functional properties is challenging. Lestingi (2024)
mentions the high non-competitive production costs,
also mentioned by Veldkamp and Bosch (2015). Consid-
ering inclusion levels for pigs, Veldkamp and Vernooij
(2021) indicated that the protein content of the insect
species is largely comparable to soybeanmeal, but lower
than fishmeal, while the amino acid profile is simi-
lar to both. Depending on the pig breed and age, and
insect species, inclusion levels between 2 and 10% did
not affect performance, although inclusion levels up to
100% are reported (DiGiacomo and Leury, 2019). Also,
Lestingi (2024) concluded in a review article that up
to 10% inclusion of black soldier fly and yellow meal-
worm can be used in growing pig diets without affecting
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growth performance and nutrient digestibility. However,
as the fat content of insects is higher than soybean meal
and fishmeal, either a defatting step is required, or the
dietary inclusion level should be limited.

Fish
One of the first studies of using the black soldier fly
and housefly as feed ingredient for fish (rainbow trout)
was carried out by St-Hilaire (2007). Henry et al. (2015)
reviewed the history of incorporating insects in fish
feed for herbivorous/omnivorous fish species, i.e. cat-
fish, tilapia and carp. The insect species mentioned are
Diptera (black soldier fly and housefly), Coleoptera [dif-
ferent mealworm species, palm weevils (Rhynchopho-
rus spp.) and Oryctes rhinoceros], Orthoptera (locusts,
grasshoppers, crickets), Blattodea (termites), and Lepi-
doptera (silkworm meal) as a replacement for fishmeal
and fish oil in the diets of fish and crustaceans (Henry
et al., 2015; Makkar et al., 2014; Riddick, 2014; Tran et
al., 2015). According to Henry et al. (2015), most early
studies were conducted in Asia and Africa because the
fishmeal was of low quality. Another likely reason is that
the farmers could not afford the high price of commer-
cially produced feed. Those early studies did not use
insect meal but whole or ground insects. Liland et al.
(2021) reviewed the literature using 35 aquatic species
and 14 insect species looking at dietary composition
and performance outputs. They indicated that 25-30%
replacement of fishmeal is possible while higher inclu-
sion levels reduced protein digestibility, unbalanced the
amino acid profile and increased the levels of saturated
fatty acids. However, Nairuti et al. (2022), when review-
ing the replacement levels of fishmeal with black soldier
fly, mentioned that this depends on the fish species, e.g.
for Atlantic salmon 100% of fishmeal can be replaced
by insect ingredients (Gasco et al., 2023a). It is expected
that the insect market for aquaculture will increase
almost tenfold in the coming decade. It will probably
be about 40% of the insect market in 2030, and about
1% of the global aquafeed market (De Jong and Niko-
lik, 2021). As insects are a natural food for various fish
species, their use as feed would seem logical.

Dogs and cats
In a screening study of the use of insects as feed for
dogs and cats, eight species were used: housefly pupae,
house crickets, black soldier fly larvae and pupae, yellow
mealworms, lesser mealworms, superworms, six spot-
ted roaches (Eublaberus distanti), death’s head cock-
roaches (Blaberus craniifer), and Argentinean cock-
roaches (Blaptica dubia) (Bosch et al., 2014). The pro-

tein content and amino acid scores, as well as in vitro
organic matter and nitrogen digestibility varied consid-
erably between insect substrates. Pupae of the housefly
and black soldier fly had particularly good amino acid
scores, while their nitrogen digestibility was lower than
conventional protein sources in these in vitro studies.
In contrast, the three mealworm species were lower in
protein content and amino acid scores but had a high
nitrogen digestibility.

In many countries there are no legislative restrictions
for using insect-based ingredients in pet food because
pets are not consumed by humans. Four insect groups
are currently used as feed for pets: black soldier fly lar-
vae, mealworms, silkworm pupae and crickets. There is
an increasing number of companies that are bringing
insect-based dry feed and treats for pets on the mar-
ket (Valdés et al., 2022). In the beginning companies
were hesitant because they were aware that pets (dogs
and cats) are often considered members of the family.
Pet owners who have a strong aversion to insects are
also unlikely to consider insect-based food for their pets
(Kępińska-Pacelik and Biel, 2022). However, despite the
first limiting in specific amino acids like methionine
(with the caveat that they also contain high levels of
choline which can spare the need for this amino acid),
threonine, or leucine, depending on the insect species
and whether it is for cats or dogs (Bosch and Swan-
son, 2021), insects are nutritionally adequate. Further-
more, in general, industrially produced insect-based pet
food is considered safe and may have health-promoting
effects (Siddiqui et al., 2023). Research is ongoing to
assess the digestibility of different insects in (dog) pet
foods, and their impact on gut health and microbiota
(Abd El-Wahab et al., 2021; Lisenko et al., 2023). Pet
food was the largest market for the insect industry in
2020 and is expected to increase more than two times
by 2030, although the total market contribution will
diminish frommore than 50 to 30% (De Jong and Niko-
lik, 2021). The growing interest is because owners are
willing to give their pets high-value expensive products
that are sustainable and may be hypoallergenic.

6 Discussion and conclusions

The main disadvantages of collecting insects from
nature are: (1) the unpredictability of harvest due to
seasonality associated with abundance; (2) variation in
their nutritional value; (3) inability to guarantee feed
safety; and (4) unsustainability of a production chain
based on harvesting from nature. The only way to con-
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trol these variables is to farm the insects. Also, Khusro
et al. (2012) warns about using live insects as feed as
they are difficult to handle, are incompatible with cur-
rent automated feeding systems and have the potential
to act as vectors in the transmission of bacterial and
viral diseases. Processed insect feed simplifies handling,
automated feeding and storage. Nyangena et al. (2020)
recently reviewed the traditional processing techniques
commonly used in East Africa, i.e. boiling, toasting,
solar-drying, oven-drying, and discussed their effect on
the proximate composition and microbiological safety
of several collected or reared insect species utilized for
both food and feed applications.

When insects are traditionally used it is often a sup-
plement to an existing diet, either being commercial
or part of a scavenging diet of free ranging animals. In
a more industrial context, the diet is more controlled,
and insects are used to balance the nutrients for the
target animal. However, this is a challenge as for exam-
ple, black soldier fly larvae can be reared on many dif-
ferent waste streams (Surendra et al., 2020), the rea-
son that Deruytter et al. (2023) called for standardized
research protocols enabling to compare different studies
and understand better the effects of different variables.

Another advantage of using insects in monogastric
animal diets is that they may have health-promoting
effects (Biasato et al., 2023; Van Huis and Gasco, 2023).
Veldkamp et al. (2022) mention three categories of
bioactive compounds: (1) antimicrobial peptides which
disrupt the bacterial membrane and for which it is diffi-
cult to develop resistance; (2) fatty acids (especially lau-
ric acid with antimicrobial action of which BSF fat has
high concentrations); (3) chitin, present in the exoskele-
ton of insects with immuno-modulating, prebiotic and
microbiota-modulating effects. These compounds may
contribute to reducing antibiotic use and prevent antibi-
otic resistance in livestock.

In many of the early publications the effects of
chitin are questioned. Its function as a dietary fibre
has been suggested, but there are others authors who
claim that it can decrease the digestibility of other com-
pounds such as proteins (Oonincx and Finke, 2023).
Indeed, protein digestibility can be lower for proteins
that are sclerotized with chitin. However, this negative
effect seems to be offset by the beneficial properties
of chitin and its derivatives. Chitin can activate the
innate immune function in mammals (Shibata et al.,
1997; Suzuki and Park, 2018), and certain fish (Esteban
et al., 2001). While chitin can be effective, chitosan and
chitin oligosaccharides often seemmore effective (Este-
ban et al., 2001; Harikrishnan et al., 2012). The inclu-

sion of chitin and its derivatives in aquafeed seems to
enhance lysozyme activity, and thereby protect against
bacteria, viruses and fungi (Abdel-Tawwab et al., 2019;
Akbary and Younesi, 2017). Various studies in broilers
report improved growth and feed conversion (Huang et
al., 2005; Li et al., 2007; Nuengjamnong and Angkana-
porn, 2017; Shi et al., 2005). Similarly, egg production in
layers was improved by including chitin or its deriva-
tives in hen diets (Meng et al., 2010; Świątkiewicz et al.,
2013; Yan et al., 2010). In pigs, various studies indicate
improved weight gain, feed efficiency and a decrease
in the commonly occurring weaning diarrhoea (Han et
al., 2007b; Liu et al., 2008; Liu et al., 2010). Other stud-
ies on pigs, however, found no effect of chitin and its
derivatives (Han et al., 2007a; Wang et al., 2009). The
growing consensus seems to be that a low inclusion level
of chitin or its derivatives is beneficial both for produc-
tion characteristics and for the health of the animal.

The move from traditional uses to more industrial
uses of insects as food and feed, went along with other
political, societal and academic developments. Very
early on, the industry realized that legislation was one
of the major hurdles to be crossed. For that reason, sev-
eral insect producing companies in the European Union
(EU) created in Brussels the ‘International Platform of
Insects for Food and Feed’ (IPIFF) in 2013. Now IPIFF
has 71 members representing the interests of the insect
production sector to EU policy makers, European stake-
holders and citizens. Through their efforts, the autho-
risation of insect proteins for use in aquafeed in the
EU came into force in 2017, while the authorisation of
insect-processed animal proteins (PAPs) in poultry and
pig feed came into force in 2021 (IPIFF, 2024). IPIFF
also issued several documents such as those dealing
with good hygiene practices and insect frass as fertil-
izer. Also in the EU, the European Federation of Animal
Science (EAAP) created in 2016 a study commission on
insects (Veldkamp and Eilenberg, 2018). Since 2015 an
annual event ‘Insecta’ has been organized in Germany
(https://insecta-conference.com), and since 2014 there
has also been the international conference ‘Insects to
Feed the World’ with up to four live conferences in the
Netherland, China, Canada, and Singapore, respectively.
In North America the legislation on insects as feed is
discussed by Larouche et al. (2023). In the USA the
nongovernment Association of American Feed Control
Officials (AAFCO) approved larval ingredients of dried
and defatted black soldier fly as safe for adult dogs, poul-
try, swine and salmonid fish, while black soldier fly oil is
approved for adult dogs, swine and finfish (as of today –
May 2024).
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In terms of academic interest, a search of Web of Sci-
ence using the words ‘insects’ and ‘animal feed’ reveals
that 71% of all publications were from the last five years
(2019-2023) and 89% from the last 10 years from 1945
onwards, indicating that the interest is very recent. Also,
several books and special issues with the theme ‘Insects
as Food and Feed’ were published, while the journal,
Journal of Insects as Food and Feed, has published over
650 articles since 2015. There are also several projects
dealing with insects as food and feed, such as the EU
projects ‘SUStainable INsect CHAIN (SUSINCHAIN)’
(2019-2023) (Veldkamp et al., 2020), ‘Valuable inSects’
(VALUSECT) (2019-2023), and ‘Enabling the exploita-
tion of Insects as a Sustainable Source of Protein for
Animal Feed and Human Nutrition’ (PROteINSECT)
(2013-2016). Ongoing PRIMA projects include: ‘ADVA-
GROMED – Agroecological approaches based on the
integration of insect farming with local field practices in
Mediterranean countries’ (2022-2025) and CIPROMED
‘Circular and inclusive utilisation of alternative pro-
teins in the Mediterranean value chains’ (2023-2026)
(https://prima-med.org/). The National Science Foun-
dation (NSF), a United States federal agency, invested
through the Industry-University Cooperative Research
Centers (I/ UCRC) Program, to create the Center for
Environmental Sustainability through Insect Farming
(CEIF), a consortium integrating industry, government,
and academia (Tomberlin et al., 2022). The mission of
the CEIF is to develop a global platform for the insects
as food and industry to expand, diversify, and stabilise
the insect agriculture sector.

Although insects are promising alternatives to con-
ventional protein sources for ruminants, insect proteins
are prohibited in these animals as theymay be vectors of
prions (Lalander and Vinnerås, 2022). However, safety
data are required for verification (Renna et al., 2023).
Insect oils can be used and may potentially mitigate
enteric methane emissions in ruminants (Ahmed et al.,
2021).

Insect meal is a promising alternative feed ingredi-
ent, but many factors need to be considered such as
insect species, rearing substrates, production process,
processing, insect meal form (whole or defatted), and
inclusion levels (Gasco et al., 2023b; Veldkamp et al.,
2023), as these may influence the digestibility and avail-
ability of nutrients and palatability. Another challenge
of the industry is to have large and consistent quanti-
ties of insect ingredients that can be incorporated in the
production process (Gasco et al., 2023b,c).

The history of insects as animal feed is a testament
to human ingenuity and adaptability in exploiting the

potential of nature’s resources. Insects are a valuable
source of nutrition for animals, contributing to the sus-
tainability and resilience of agricultural systems. As we
confront the challenges of feeding a growing global
population while minimizing environmental impact,
insects are poised to play an increasingly prominent role
in shaping the future of animal feed production.
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