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Abstract

Bioconversion

Because of growing demand for meat and declining availability of agricultural land, there is an urgent need to find
alternative protein sources. Edible insects can be produced with less environmental impact than livestock. Insect meal
can replace scarce fishmeal as feed ingredient, in particular in the fast growing aquaculture industry. Edible insects
can alleviate waste disposal problems by growing them on organic by-products. About 2000 insect species are

eaten worldwide, mostly in tropical countries. They have adequate protein quantity and quality and high content of
unsaturated fatty acids and minerals like iron and zinc. Promotion of insects as food and feed will require the insects
to be farmed. In tropical countries this is done small-scale, but in particular for use of insects as feed, production is
needed in large automated industrial facilities. Food safety problems relate to contamination with pathogens, requir-
ing hygienic farming. Proper labelling may be required for people allergic to seafood and house dust mites as cross
reactivity may occur. Western consumers are hard to convince to eat insects, even when aware of environmental,
nutritional and food safety benefits and their excellent taste. Emotional and psychological impediments to accept-
ance have to be addressed. The way forward of edible insects to become a new sector in agriculture and the food and
feed industry is discussed. In particular, legislation lags behind developments and needs to be addressed urgently.
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Background

The Committee on World Food Security [1] stated that
food security exists when all people, at all times, have
physical, social and economic access to sufficient, safe
and nutritious food to meet their dietary needs and
food preferences for an active and healthy life. Accord-
ing to the committee the four pillars of food security
are availability, access, utilization and stability; while
the nutritional dimension is considered integral to the
concept of food security. However, the sustainability
(not compromising future generations’ ability to meet
their own needs) of future food security is increasingly
considered. This has been captured in the term ‘sus-
tainable diets’ [2]. Food production has a considerable
environmental impact and future food systems need to
take this into account [3]. In particular the production of
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meat, especially ruminant meat [4, 5], is more and more
debated in view of environmental [6], societal [7] or food
safety and animal welfare concerns [8, 9].

Meat demand is expected to increase globally by 76 %
from 2005/2007 to 2050 [10]. This increased demand
in this time period is mainly from developing countries
(113 %), less from developed countries (27 %). Some
regions in the world show an increase of more than 150 %
from 2010 to 2050: the Middle East and North Africa
187 %, Sub-Saharan Africa 202 % and South Asia 272 %
[11]. Globally, over a third of total world cereal pro-
duction is used as livestock feed each year [12], which
would be able to feed at least three billion humans [13].
Livestock is the world’s largest user of agricultural land
(68 %): in 2012 some 3360 million ha were under mead-
ows and permanent pasture—more than twice the area
under arable and permanent crops (FAOSTAT, consulted

August 2015).
The impact of the livestock sector on the environ-
ment is considerable: deforestation, soil erosion;
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desertification, loss of plant biodiversity, public health
hazards, and water pollution [6]. Besides, livestock pro-
duction is responsible for more than 14 % of all green-
house gas emissions [14] and 59-71 % of the global
agricultural ammonia emissions [15]. Increased livestock
productivity and technical mitigation strategies have
been proposed such as the use of better quality feed and
feed balancing to lower enteric and manure emissions,
improved breeding and animal health, manure manage-
ment practices, and improvements in energy use effi-
ciency along supply chains [13, 14, 16, 17]. Although by
implementation of those measures CO, equivalents may
be cut by 60 % by the year 2070, dietary changes have
been considered crucial in order to meet the 2 °C tem-
perature target set by the UNFCCC [18, 19]. The global
trend is that meat demand increases with income and
urbanization. However without dietary changes, global
agricultural greenhouse gas emissions from food produc-
tion are estimated to increase by 80 % in 2050 [5].

A dietary change would be to use alternative protein
sources such as microalgae [20], seaweed, duckweed,
and rapeseed [21], cultured meat [22] and insects [23,
24]. Insect can be considered as human food or as feed
for pets, livestock and in aquaculture. Insect produc-
tion seems to be more sustainable than livestock pro-
duction for a number of reasons: lower greenhouse gas
and ammonia emissions [25], less land area needed [26],
more efficient feed conversion [23], and potential to be
grown on organic by-products of which 1.3 billion tons
is produced globally per annum [27] and the latter valued
at US$ 750 billion [28]. It seems that producing insects
as mini-livestock requires less water than producing con-
ventional livestock because the cold blooded insects have
a high feed conversion efficiency. This enables them to
derive most moisture from food and some insects can be
grown on organic by-products reducing the water foot-
print of the feed [29]. However, this needs confirmation
through a life cycle analysis.

Insects as food for humans and as feed for pets, live-
stock and fish will be discussed as well as their nutri-
tional value. This review explores whether it is timely and
appropriate to start considering insects as a sustainable
and viable food and feed resource that can contribute to
food security. Nutrition, farming, processing, marketing,
food safety, legislation, consumer attitudes and the way
forward will be reviewed and discussed.

Insects as food

In tropical countries most insect species are collected
from nature. An inventory of the edible insect species
eaten from all over the world, incorporating only sci-
entific names and not vernacular names, yielded more
than 2000 species [30]. Some countries stand out in the
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number of insect species eaten. This, however, is mostly
related to the amount of research done. For example,
Ramos-Elorduy wrote an impressive numbers of articles
on entomophagy (the eating of insects) in Mexico (e.g.
[31]), and Belgian scientists recorded more than 60 edi-
ble caterpillars from the Democratic Republic of Congo,
a former Belgian colony [32]. This also means that many
edible insect species have not yet been identified, requir-
ing further exploration [33].

The reason that insects are predominantly eaten
in tropical countries is that they are larger and often
occur clumped, which facilitates harvesting. Also, in
the absence of a winter season, insect species can be
found during the whole year. Most insect species occur
seasonally as they depend on the availability of their
host plant; others may occur throughout the year such
as most aquatic insects. Representatives from almost
all insect groups are eaten such as beetles (31 %), cat-
erpillars (18 %), wasps, bees and ants (15 %), crickets,
grasshoppers and locusts (13 %), true bugs (11 %), and
termites, dragonflies, flies and others (12 %) [30]. Other
arthropod groups such as spiders and scorpions are also
eaten. Some species are semi-domesticated which means
that certain measures are taken to make the harvesting
more predictable [34]. For example, palm trees may be
cut deliberately, in order to trigger palm weevils of the
genus Rhynchophorus (Coleoptera: Curculionidae) to
oviposit on the trunk. After a certain time the larvae are
then harvested. These larvae are considered an absolute
delicacy in many parts of the world. In Central Africa
the collection of arboreal, foliage consuming caterpillars
is facilitated by manipulating host tree distribution and
abundance, shifting cultivation, fire regimes, host tree
preservation, and manually introducing caterpillars to a
designated area.

There is little information about how often and how
much insects are consumed in the tropics (see for some
examples chapter 2 of Van Huis et al. [24]). This is mainly
because national agricultural statistics do not include
insects as food or feed. The large majority of insects in
developing countries are gathered from wild populations
in nature, in farmlands or in forests. Those are self-con-
sumed and the access sold for cash at village markets or
to middlemen and wholesalers at the farm gate. Edible
insects offer a cheap and efficient opportunity to improve
livelihoods and the quality of traditional diets among vul-
nerable people.

Recently in western countries the interest of using
insects as food has gained momentum. A number of
companies have started to produce insects for human
consumption. For example in the United States, these
are often crickets which are marketed in processed
products such as protein bars. In some countries they
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are already sold in supermarkets. This will be dealt with
in the chapter about processing, marketing and con-
sumer attitudes.

Insects as feed

Insects as feed ingredient has been reviewed in general
[35, 36], for fish [37], and specifically for West Africa
[38]. Appropriate palatability of insect meal for poultry,
pigs, fish species and ruminants was demonstrated and
insects could replace 25-100 % of soymeal or fishmeal
depending on the animal species [36]. For large scale
production the most promising species are the Black
soldier fly Hermetia illucens (Diptera: Stratiomyidae)
and the Domestic house fly Musca domestica (Diptera:
Muscidae). However, a number of other species are also
considered such as mealworms, termites, grasshoppers,
crickets, and caterpillars (such as the silkworm). The use
of the Black soldier fly as feedstuff has been investigated
for chickens, pigs, channel catfish, African catfish, blue
tilapia, turbot, and rainbow trout [39, 40]. Fly larvae
can be used to recycle agricultural by-products like cof-
fee pulp, palm kernel meal, manure, and organic waste
materials like fish offal, market waste, municipal organic
waste, dewatered faecal sludge, organic leachates and
distiller’s dried grains with solubles (DDGS) [41, 42].
Persistent pollutants such as heavy metals often occur
in organic waste streams. In an experiment, cadmium
accumulated in the Black soldier fly prepupae limiting
their potential to be used in animal feed, while in the
case of lead and zinc, this proved to be less critical [43].
The maggots of the Domesticated housefly can also be
used as a protein source to feed poultry, fish and crus-
taceans. The larvae can be reared on waste substrates
such as pig or poultry manure, mixtures of cattle blood
with wheat bran or rumen contents [36]. The advan-
tages of using the Domesticated housefly is that they
have a very short life cyle (6—10 days). A life cycle analy-
sis conducted for the Domesticated housefly indicated
that by producing insect meal compared to fishmeal and
soymeal, land use decreased, but energy use increased
[44]. In this specific study it was indicated that energy
use may be decreased and that insect meal has poten-
tial to reduce the environmental impact of the livestock
sector.

Use of insects in aquaculture has recently received
quite some interest. This has to do with the diminishing
availability of fishmeal as a major dietary protein source
in compounded feed for many important farmed spe-
cies. Fishmeal is made from pelagic fish harvested from
international waters, and international fisheries are being
over-exploited and current practices are not sustainable.
The demand for fishmeal has increased because the farm-
ing of fish and shellfish has been the fastest growing food
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producing sector in the last few decades (it is still grow-
ing by 6 % a year) and has become an important industry
in many countries. Farmed food fish in 2012 was 42 % of
all fish produced in the world both by capture fisheries
and aquaculture (in 1990 it was only 13 %). Therefore, the
production of fishmeal and fish oil has diminished from
30 million tons (live weight) in 1994 to 16 million tons in
2012 [45].

This shortage has prompted a search to identify alter-
native protein sources [46], including use of insects. In
particular in aquaculture, insect meal is an interesting
alternative to soymeal as feedstuffs of vegetable origin
have a number of disadvantages, such as imbalances
between essential and nonessential amino acids, anti-
nutritional factors, low palatability and a high proportion
of fibre and non-starch polysaccharides [47]. Since 2013,
the European Union Regulation (EU) 56/2013 allows the
use of insects in feed for fish in aquaculture. In Norway,
studies have demonstrated that insect meal is a good
source of protein for farmed salmon [48]. The Research
Council of Norway has recently allocated more than one
million euro to investigate the potential of using insects
as safe and healthy fish feed ingredient.!

Nutrition

It is difficult to generalize the nutritional composition,
but Rumpold, Schliiter [49] consulted more than 50 lit-
erature references. Data from 236 of the more than 2000
edible insect species show that, despite the large varia-
tion, they provide satisfactory energy and protein, meet
amino acid requirements for humans, are high in mono-
unsaturated fatty acids and polyunsaturated fatty acids,
and rich in several minerals and vitamins [49]. Of par-
ticular interest are the high iron and zinc content in com-
parison to conventional meat. Therefore, entomophagy
has been proposed to combat the deficiencies of these
minerals in developing countries [50], in particular in
view of the fact that the percentage of the world popula-
tion at risk for these deficiencies is more than 17 % for
zinc [51] and 25 % for iron [52].

Species considered for consumption in the west-
ern world, like mealworms and crickets, have a protein
content ranging from 19 to 22 %. This is comparable to
conventional meat products in terms of protein quanti-
fication [53]. The essential amino acid levels in the insect
species investigated by these authors were comparable
with soybean proteins, but lower than for casein. For
future food applications it is promising that gels could be
formed and soluble fractions obtained by a simple aque-
ous extraction procedure.

! http://nifes.no/en/counting-insects-future-fish-feeds/ (accessed 15 Oct
2015).
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Farming

As mentioned above, in tropical countries most insect
species are collected from nature. However, if insects
are to become an important resource, they need to be
farmed as mini-livestock. Besides, in nature edible insect
resources are already threatened due to overexploitation
and habitat degradation [54] or pesticide use [55]. For
example, the collection and marketing of the Mopane
caterpillar Imbrasia belina (Lepidoptera: Saturniidae)
compromises the sustainable use of forestry resources.
For this reason a restriction of the harvesting period has
been proposed [56].

A country where insect farming plays an important role
is Thailand, where 20,000 farms produce around 7500
tonnes per year [57] with activities expanding into Laos
[58] A number of international projects are now opera-
tional to promote insect rearing for human consumption
in Africa, concentrating mainly on crickets. It has been
tried to farm commercially important insect species such
as the Mopane caterpillar. However, pathogen spreading
through a captive population remains a problem and eco-
nomically it is not yet viable [59].

In the western world insect rearing companies pro-
duce a number of insect species as pet food. In the Neth-
erlands some companies have set up special production
lines for human consumption (in particular mealworms,
crickets and locusts). However, when insects are con-
sidered as feed, feedstock companies require large, reli-
able and continuous supplies of high and stable quality,
which can only be achieved in industrial automated
rearing facilities. Very recently, in different parts of the
world such activities have been initiated, concentrating
mainly on the Black soldier fly and the Domestic house
fly. Insects as feed have the potential of becoming a very
large market considering that global feed tonnage in 2014
measured at 980 million metric tons (value $ 460 billion),
destined for poultry (45 %), pigs (27 %), ruminants (20 %),
aquaculture (4 %), pets (2 %), horses (1 %) and others
(1 %) [60].

Increased production of insects on a large scale for
food and feed will lead to many novel challenges, includ-
ing problems with diseases. One example is the Acheta
domesticus densovirus (AdDNV) frequently decimating
commercial rearing of the house cricket, A. domesticus
(Orthoptera: Gryllidae) in Europe and parts of North
America [61]. Early detection, development of sanitizing
methods, and shifting to other cricket species have been
proposed as solutions [62].

Processing and marketing

The trade of the Mopane caterpillar in southern Africa is
big business. Already in 1994 Styles in [63] estimated
that an annual population of 9500 million mopane
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caterpillars in South Africa’s 20,000 km? of mopane veld
was valued at more than US$ 80 million of which
approximately 40 % goes to producers who are primarily
poor rural women. In Kenya, complementary foods
based on edible termites were developed and evaluated
to combat child malnutrition. Results indicated that it
can be processed in affordable and safe foods with ade-
quate nutrient density [64]. In Kenya, termites and lake
flies were baked, boiled and cooked to increase shelf life
and processed into conventional consumer products
such as crackers, muffins, sausages and meat loaf to
encourage entomophagy [65]. These are strategies to
make the products which are collected from nature
available over longer periods. Preserving edible insects
and insect products can be done without the use of a
refrigerator through techniques such as drying, acidify-
ing, and lactic fermentation [66]. However, to better reg-
ulate and assure the supply of such insect products,
insects should be farmed. Then freeze-drying (dehydra-
tion by sublimation of the frozen insect) is often prac-
ticed. This stops most of deterioration and
microbiological reactions and gives the final product an
excellent quality. That is how they are brought on the
market in the Netherlands. When grinding the freeze-
dried product, they can be processed into other insect
products. In the Netherlands one supermarket chain
with 500 outlets has processed the lesser mealworm,
Alphitobius diaperinus (Coleoptera: Tenebrionidae) into
burgers, nuggets and schnitzels.

Food safety and legislation

Food safety issues have been addressed by a number of
authors with immediate impact on legislative issues [21,
49, 67, 68]. Possible hazards are contaminants, like heavy
metals, mycotoxins, pesticide residues, and pathogens.
The information available about the consumption of
insects in tropical countries suggests that insects har-
vested for human consumption do not cause any signifi-
cant health problems [69], but there is little information
about insects that are farmed either for food or feed. In
general, insect pathogens are specific for invertebrates
and do not harm vertebrates [70].

At the time the legislation was made, nobody con-
sidered insects as either food or feed, and when in the
legislation the word “animal” is used, insects are often
automatically part of that legislation. A clear example is
the EU Regulation 1099/2009 in which it is stated that
animals have to be slaughtered in certified slaughter-
houses in the presence of an Animal Welfare Officer;
clearly this was not designed to apply to insects [68].

2 http://www.bbc.com/news/world-europe-29865959  (accessed 15 Oct
2015).
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Van der Spiegel et al. [21] discuss food safety issues
and legislative issues relating to edible insects in the EU.
Concerning insects as food, it has not been decided yet in
the EU whether an insect product is considered a novel
food (definition: not consumed “in a significant degree”
in the EU before May 15, 1997). If so, the producer has to
provide a Novel Food Dossier, among others, proving the
product is safe for the consumer.

Concerning insects as feed the EU issued a regulation
in 2013 allowing the use of non-ruminant proteins in
feed for fish in aquaculture; a lifting of the ban on insect
proteins in the feed of food-producing pigs and poultry is
being considered [21], and a decision is expected in 2015.

Concerning allergies, people allergic to house dust
mites and crustaceans may react to food containing
insects, such as the Yellow mealworm Tenebrio molitor
(Coleoptea: Tenebrionidae) [71]. Recent evidence sug-
gests that insects and crustaceans (like shrimps), long
considered widely separated branches of the arthropod
family tree, actually are taxonomically closely related
[72]. When proven allergenic, proper labelling of the
insect product would be required.

Consumer acceptance

In tropical countries insects are used as an important
protein source, while westerners are reluctant to use
insects as food. Almost a hundred years ago, Bequaert
[73] attributed the aversion of western people to include
insects in their diet to ‘prejudice; and cultural condition-
ing: “What we eat and what we do not eat is, after all, a
matter of custom and fashion (rather) than anything else”.
DeFoliart [74] also considered the western attitude and
bias against eating insects a severe handicap to intro-
ducing this sustainable food source. Yen [75] warned
that ‘westernization’ of societies where insects are eaten
would cause a movement away from entomophagy while
western societies, being major consumers of livestock
protein, would miss an opportunity to reduce their envi-
ronmental footprint.

Others have stressed the need for development of strat-
egies to overcome the psychological and cultural barriers
to entomophagy and considered valuing insects as human
food a challenging test case [76]. In Belgium and the
Netherlands studies revealed that adoption of insects as
a protein source was strongly influenced by motivations
towards sustainable food consumption [77, 78]. However,
consumers in Thailand, where insects are part of the local
food culture, considered insects more in terms of their
taste and familiarity than Dutch consumers. For example,
Thai participants were strongly repulsed by mealworms,
due to the association with larvae often seen in decaying
matter [77]. This association was absent amongst Dutch
participants who were more familiar with mealworms as
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food. To overcome the reluctance to eat insects the fol-
lowing strategies have been proposed: (1) To increase
familiarity with the product by providing consumers with
information about the insects as a sustainable alternative
food source [79]. (2) To make edible insect available and
provide knowledge about how to prepare them [76]. (3)
To stress the systematic proximity in animal classification
between insects and crustaceans [80]. (4) To increase fre-
quencies of edible insect exposure and experimental tast-
ing [76, 79]. (5) To develop appropriate products that not
only lower the barriers to trying, but also taste good and
are appealing to eat [77, 81]. (6) To incorporate insects
into familiar food items [82]. (7) To use role models such
as the former secretary general of the United Nations Kofi
Annan who was interviewed about edible insects [83]. (8)
To target children for education in entomophagy [84].

The way forward

The interest in insects as food and feed is very recent and
was partly triggered by the publication of the FAO report
in 2013 [24], which has been downloaded more than 7
million times. A first conference on this topic “Insects
to feed the world’; was jointly organized by Wageningen
University and the FAO in 2014 in the Netherlands. This
conference attracted 450 participants from 45 countries.
Research institutions, universities, private companies,
international organizations, civil society, and governmen-
tal agencies in the agriculture, food, feed, and health sec-
tors were represented [85].

Until recently the eating of insects was considered
to be a peculiar habit of ethnic groups in the tropics.
Before 2000, most references were found in ethno-bio-
logical literature. This is now changing as scientific lit-
erature on the topic increases. A Web of Science search
(August 2015) using “edible insects” as topic yielded 10
results from 2000 to 2004, 18 from 2005 to 2009 and 65
from 2000 to 2014; the same search with Google Scholar
yielded 265, 460 and 1.010 results, respectively.

Because of the cultural bias in the view of entomophagy
as only an odd practice of “primitive man” in tropical
countries [33, 86], international and donor organizations
have paid scant attention to it. Therefore, we hardly know
to which extent insects are eaten by people in the trop-
ics, except for some cases of specific countries and insect
species (see for examples Chapter 2 in Van Huis et al.
[24]). There is a need for compilation of (inter)national
statistical data on production and trade in insect prod-
ucts for food and feed.

It is difficult to present a generalized picture of the
nutrient content of insects in the recorded 2000 species.
Of interest in this context are: energy and protein con-
tent, amino acid profiles, mono-unsaturated and poly-
unsaturated fatty acid content, and micronutrients, in
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particular iron and zinc. As the nutrient composition of
insects is dependent on feed, opportunities for regula-
tion, enrichment, and addition of certain food ingredi-
ents should be investigated. The immunological effects
of consuming the exoskeleton of insects should also be
addressed in food and feed, as chitin is able to recruit and
activate innate immune cells [87].

Harvesting edible insects from natural resources fos-
ters livelihoods, as they can be self-consumed and/or
marketed. To prevent overexploitation, research into sus-
tainable harvesting, semi-domestication and farming is
necessary. The harvesting of some insect pests, like edible
grasshoppers in Mexico, can serve as a control method
[88].

Veterinary science in insect farming is in its infancy.
Very little is known about insect diseases which may
emerge at large-scale rearing: biological and genetic char-
acterisation, phylogeny, host range, transmission, persis-
tence, epidemic potential and safety for animals including
humans [70]. The transmission of diseases has proven
to be problematic on a global scale in the conventional
livestock sector. Prevention, detection, identification,
and mitigation of microbial contaminants are crucial for
a successful and safe insect production. Using insects to
transform organic side streams including manure into
high protein products is a very interesting option. How-
ever, the quality of the used waste and the produced
insects need further empirical studies and monitoring.
The potential risk for human health, if the insect-based
food or feed is contaminated with harmful microorgan-
isms, mycotoxins or heavy metals, is in urgent need of
attention.

Legislative barriers in the western world currently hin-
der the advancement of the emerging sector of insects
as food and feed. De-Magistris et al. [89] argue that
the unfamiliarity with insects as food in the European
Union may influence EU decision making as consumers
are “conditioned” by cultural patterns and issues of neo-
phobia when it comes to edible insects. This may result
in a lower degree of openness for innovations. On the
one hand the EU explores and fosters novel and sustain-
able source of food ingredients such as insects, but on
the other hand hampers those innovations by enforcing
a regulatory environment to protect consumers against
risks from novel food products. Using as an example
the case of whole insects (allowed) or processed edible
insects (not allowed), de-Magistris et al. [89] conclude
that there is a misalignment between the European Novel
Food Regulation (EC) 258/97 (ENFR) policies and R&D
innovation measures.

Concerns have been expressed over the profitability of
producing insects on a large scale because, it is labour
intensive and feed costs are high [90]. Automation of
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production activities will be necessary to cheaply and
reliably produce large quantities of high standard and safe
insect products. The use of low-value organic by-prod-
ucts and waste streams is another way of reducing costs
of the feedstock [91]. Producing fly larvae from organic
waste on an industrial scale requires more technological
knowledge of scaling-up the production capacity. Opti-
mization of fly egg production is another bottleneck [42].
Worldwide a number of companies are engaging in this
endeavour. One company is able to process 20 tonnes
of fly larvae a day, which translates into seven tonnes of
insect meal and three tonnes of insect oil [92]. Consider-
ing that large volumes of feed are required for pets, fish
and livestock, and bearing in mind the continuous rising
prices of the ingredients fishmeal and soymeal, the use of
insect meal as an alternative protein source becomes an
option of increasing interest. Optimization of desirable
traits of an insect species by selecting certain strains or
by using genetical improvement strategies needs more
attention.

Product development of insects as food should take
into account cultural and individual expectations about
the species to be used as food and how they should be
prepared. Stressing health and environmental benefits
are insufficient to encourage consumption. The accepta-
bility of insects as a sustainable food source also requires
research in gastronomy (deliciousness).

To advance the new agricultural sector of insects as
food and feed, multiple disciplinary approaches are
required (multi-disciplinarity, inter-disciplinarity, and
trans-disciplinarity) as complex problems have to be
resolved which transcend traditional boundaries and
require the collaboration of non-academic stakeholders.

Conclusions

The current livestock production is facing serious chal-
lenges: (1) Global land area is insufficient to satisfy the
increasing demand for animal protein. (2) Targeted
reduction of greenhouse gas emissions is not possible
with mitigation strategies. Dietary changes are needed.
Insects as mini-livestock offer many environmental bene-
fits compared to conventional livestock, while nutritional
quality is similar. The benefits are in terms of greenhouse
gas emissions, land area needed, feed conversion effi-
ciency and the potential to be grown on organic by-prod-
ucts. More than 2000 insect species are already eaten in
tropical countries, most of them harvested from nature.
Fishmeal as feed in aquaculture is becoming scarce, and
fly larvae are a better alternative protein source than
ingredients of vegetable origin. If insects are promoted as
food and feed, they need to be farmed. As poultry, pigs
and fish use more than 75 % of the global feed produced,
the potential of industries to produce insects as a new
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protein source is huge. Worldwide start-up companies
are engaging in this. When grown on organic by-prod-
ucts, food safety issues need to be considered because of
possible contaminants. The acceptance of insects as food
gains momentum in western countries and a number of
strategies to convince consumers are employed such as
incorporating them into familiar products. A new agri-
cultural sector is emerging, but it is still in a rudimentary
stage. This article indicates how to take it further.
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