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Abstract

Global communities increasingly struggle to provide ample healthful food for growing populations in the face of social and
environmental pressures. Insect agriculture is one underexplored and innovative approach. Sustainable cultivation of nutrient-
dense edible insects could help boost food access, support human nutrition, and mitigate key drivers of climate change. The
edible insects industry is in its nascent stages, as relatively few entities have committed resources towards optimizing farm-
ing methods. Nevertheless, insect farming is poised to benefit food insecure populations, and the planet as a whole if more
targeted research and conducive policies are implemented. The purpose of this paper is to outline the state of the science
regarding edible insects, define a research agenda, and recommend policy action to support the growing industry. Edible
insects are not a panacea for current challenges, but they have the potential to confer numerous benefits to people and the
environment. Rigorous research is needed to establish optimal farming methods, strengthen food safety, understand health
impacts of consumption, explore consumer acceptance, tackle ethical considerations, and investigate economic viability. A
clear definition for insects as food, industry guidance support for obtaining generally regarded as safe designation, and col-
laboration by industry stakeholders to develop production standards will also help move the industry forward. Generating
and galvanizing knowledge sharing networks, investing in critical interdisciplinary research, and advocating for conducive
policies that support emerging entrepreneurs will be necessary to capitalize on the benefits of edible insects in the future.
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Introduction

Global food security is improving, but remains tenuous.
The current food system is increasingly constrained by
finite planetary resources, inequitable food distribution, a
changing climate, and growing demand for more resource-
intensive protein products such as meat and dairy (Rangana-
than et al. 2016). By 2050, the world’s population is likely
to reach 9.8 billion (UNDESA 2017), requiring creative
measures across the supply chain to provide adequate food
for all. To satisfy projected food demand, a 60% increase in
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agricultural production by weight from 2005 levels has been
estimated (Alexandratos and Bruinsma 2012). However,
changes in more than just agricultural yields are needed.
Current livestock production practices alone account for
~14.5% of total anthropogenic greenhouse gases (GHGs)
(Gerber et al. 2013), and per capita demand for protein and
calories is expected to increase 100—110% by 2050 (Tilman
et al. 2011). Reducing ruminant meat and dairy consump-
tion may be a key component of combatting agricultural
emissions and increasing the probability of limiting warming
to within a 2 °C temperature target (Hedenus et al. 2014).
Simultaneously, about 820 million people were estimated to
face chronic undernourishment in 2017 (FAO et al. 2018),
even though there is enough food available to feed every-
one today. Roughly 1/3 of food produced globally is lost or
wasted each year (Gustavsson and Sonesson 2011), which
depletes freshwater resources and contributes to GHG emis-
sions without benefiting human nutrition. Insect agriculture
could help remedy these gaps while also reducing emissions
from animal production.
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In the last decade, entomophagy—the practice of eating
insects—has garnered increasing support from academics
across disciplines, governments, industry, and development
agencies for both environmental and nutritional reasons. As
far back as 1975, forward thinking researchers recognized
the potential value of edible insects in easing world pro-
tein shortages (Meyer-Rochow 1975). Insects are nutrient
dense and typically require less land, water, and feed than
conventional livestock to survive and thrive (van Huis et al.
2013) while emitting fewer GHGs (Oonincx et al. 2010).
Throughout history, insects have played a critical role in
human nutrition on nearly all continents (Bodenheimer
1951; DeFoliart 1995). Today, close to 2100 identified edi-
ble species are consumed across the globe (Jongema 2017),
and an estimated two billion people live in countries, where
entomophagy is practiced by some of the population (van
Huis et al. 2013). The prevalence of insect foods globally
(and their growing presence in Europe and North America)
demonstrates that they are rapidly outpacing their “novelty
status” and becoming a legitimate food on local, national,
and regional levels (Halloran et al. 2015).

Insects are more than food. For some today, both col-
lecting and farming insects provides an important income
stream. However, the vast majority (92%) are harvested from
the wild (van Huis 2013; Jongema 2014), highlighting the
need for new insect agriculture or “minilivestock” cultiva-
tion as a means to sustain increased consumption rates and
ensure food safety. Moreover, unsustainable wild-harvesting
of edible insects is problematic in some areas and can lead
to forest destruction (Roberts 1998), ecological damage (Il1-
gner and Nel 2000), or insect resource collapse, endangering
future harvests and the environment (Ramos-Elorduy 2006;
Yen 2008).

In their seminal 2013 report, the Food and Agriculture
Organization of the United Nations (FAO) highlighted
entomophagy as one under-utilized strategy to help meet
current and future nutritional needs globally (van Huis et al.
2013). While much has been written about edible insects in
recent years, a more targeted effort to galvanize stakehold-
ers around improving the regulatory and research climate
is essential for realizing potential gains. Better and smarter
utilization of edible insects as “minilivestock” presents an
opportunity to boost protein production under increasing
food system pressures, improve human nutrition while pro-
tecting ecosystems, and mitigate key climate change drivers.

The purpose of this paper is to assess the scientific evi-
dence showing potential benefits of edible insects, identify
key gaps in our understanding, and explore the policy land-
scape in the United States (US) and the European Union
(EU). We describe four primary pathways by which insect
agriculture can contribute to solving the problems outlined
above, and then, we define a research agenda and recom-
mend policy actions to facilitate the way forward.
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Discussion

Minilivestock farming could help address the above chal-
lenges through four primary pathways: (1) providing impor-
tant nutrients for humans; (2) improving livelihoods through
production at various scales, even in low-resource settings;
(3) combating climate change through the reduction of GHG
emissions that stem from both protein production and food
waste; and (4) generating income and value via multiple
products and uses.

Pathway 1: supplying nutrients

Insects can serve as an accessible, nutrient-dense food across
varied contexts. Many edible species have been touted as a
good source of bioavailable protein (Verkerk et al. 2007)
with crude levels comparable to and in some cases even
higher than other animal protein sources (Melo et al. 2011;
Belluco et al. 2013). Numerous species contain all essen-
tial amino acids for human nutrition (Bukkens 2005; Col-
lavo et al. 2005), and many are thought to supply impor-
tant nutrients, including specific amino acids, which are
deficient in cereal- and legume-based diets (van Huis et al.
2013; Nadeau et al. 2015; Manditsera et al. 2019). Insects
can serve as an important protein supplement to the diet, but
it should be noted that not all insects are created equal—
some are low in specific essential amino acids (Williams
et al. 2016). Proteins found in some insects may also have
functional properties useful for food processing and food
formulation (Hall et al. 2017).

Edible insects are also rich in healthy polyunsaturated
fatty acids, with numerous species providing ample essential
linoleic and linolenic acids (Womeni et al. 2009) (Fig. 1).
Lipid concentration varies by species, and some insects,
such as Acheta domesticus crickets, have favorable polyun-
saturated to saturated fatty acid ratios; others have favorable
omega 6 to omega 3 ratios for human health (Paul et al.
2017). Farming edible insects may allow manipulating the
nutrient content of insects via their feed, including targeted
shifts in fatty acid composition to generate healthier insects.

Furthermore, insects are often a good source micronutri-
ents, including copper, magnesium, manganese, phospho-
rous, and selenium (Rumpold and Schliiter 2013), as well
as iron and zinc (Christensen et al. 2006) (Fig. 2). Tenebrio
molitor larvae, Locusta migratoria, and A. domesticus, for
example, have reported iron and zinc concentrations greater
than chicken or pork (Finke 2002; Oonincx and van der
Poel 2011; Mwangi et al. 2018). Some have argued that
edible insects rich in micronutrients such as iron and zinc
present an inimitable opportunity to improve the nutritional
status of both Western and resource-poor groups (Mwangi
et al. 2018). They may also help to combat food scarcity in
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contexts where micronutrient deficiencies are problematic
(Illgner and Nel 2000; Christensen et al. 2006; van Huis
2013). Limited data on the vitamin content of edible insects
exist, but there are reports that some species are particularly
high in B vitamins such as biotin, pyridoxine, riboflavin,
pantothenic acid, folate, niacin, and cobalamin (Schabel
2010; Rumpold and Schliiter 2013; Nowak et al. 2014).
From the published literature, vitamin concentrations vary
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significantly across species, likely influenced by external
factors including differences in feed (Payne et al. 2016).
As a food category, edible insects are quite unique and
diverse. Unlike other animal products, insects contain vari-
able amounts of dietary fiber (Finke 2007), most predomi-
nately in the form of chitin derived from the exoskeleton.
Dietary fiber contributes to gut health, has been shown to
increase diversity in fecal microbiota (Martinez et al. 2013;
Tap et al. 2015), and is associated with a reduced risk of
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several diseases (McKeown et al. 2004; Pereira et al. 2004;
Farvid et al. 2016). New methods for high-accuracy insect
chitin measurement have been developed considering acid
detergent fiber and acid detergent lignin components (Hahn
et al. 2018). It should be noted that insect chitin and nutri-
ent composition vary greatly and are diverse compared to
conventional meats; the consumption of some edible insects
offers potential health benefits, while others may worsen
diet-associated health problems linked to overnutrition
(Payne et al. 2015).

Pathway 2: improving livelihoods

Along with their nutrient-rich composition, insects retain
amenable characteristics for resource-efficient farming.
First, insects tend to have higher fecundity rates than con-
ventional livestock (Premalatha et al. 2011) and experience
rapid growth, often reaching maturity faster than large ani-
mals such as beef cattle. Farmers may experience multiple
harvest periods in 1 year, advancing their earning potential
where markets exist. Second, insects can often be reared in
tight confined spaces, allowing for the possibility of effec-
tual vertical farming designs and farming opportunities for
people who do not have access to land.

With relatively short lifespans, little required technology
for small-scale production, and well-understood breeding
behavior, numerous species can be farmed by people of all
socioeconomic and educational backgrounds. In addition,
some insects are adept recyclers that can be cultivated using
organic side streams, agricultural byproducts, manure, or
rotting food, thereby recycling and adding value to ined-
ible biomass (van Huis et al. 2013). This is a particularly
viable option when utilizing insects as livestock feed, which
is relevant but beyond the scope of this paper. This effi-
ciency will be a valuable characteristic under mounting food
system pressures, and may make insect farming affordable
for resource-limited groups. The sizeable cricket industry in
Thailand is an apt example of the feasibility of minilivestock
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farming, as 20,000 small-scale farmers generate the majority
of their household income from cricket rearing (Hanboon-
song et al. 2013).

Pathway 3: combating climate change

On a global scale, insects may contribute to a climate change
mitigation strategy for food production; they have the poten-
tial to reduce GHG emissions stemming from both protein
production and food waste. Due to their ability to draw
water out of their feed and high feed conversion efficiency,
freshwater inputs and necessary land clearing to grow feed
for insects are diminished compared with conventional
livestock. New research posits that insect agriculture may
reduce agricultural land requirements, especially in con-
junction with shifts towards more resource-efficient animal
foods (eggs and chicken) and food waste reduction strate-
gies (Alexander et al. 2017). Total GHG emissions from
insect cultivation, particularly methane, would be minimal
compared to beef. Oonincx and de Boer (2012) estimated
the global warming potential and land use required for meal-
worms (Tenebrio molitor) and compared them with reported
values for conventional animal products (Fig. 3).
Emissions from food waste may also be reduced if waste
is used as a feedstock for insects. The voracious larvae of
the black soldier fly (BSF) Hermetia illucens (L.) thrive
on manure and rotting food; BSF could help mitigate food
waste while yielding a suitable feedstock for poultry and
fish. Industrial agriculture companies such as Agriprotein in
South Africa are already utilizing BSF to reduce waste and
environmental contamination via runoff while generating a
nutrient-dense feedstock for other livestock. Alternatively,
if consumer food waste was used to feed edible mealworms
(T molitor), an estimated 8.1% of current animal production
could be replaced (Alexander et al. 2017). Use of insects
as recyclers can occur on a smaller scale as well, offering
benefits to individuals and households, not just companies.
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Pathway 4: generating income

Finally, edible insects can generate a variety of salable items
that may support new industries of traded products. Numer-
ous added-value products can be generated from processed
insects (e.g., protein powders, oils, fibers, even medicines),
while insect waste (e.g., frass) is nutrient-dense and may also
be a useful fertilizer. Edible insects and insect-based food
products could complement emergency food aid (as a com-
ponent of ready-to-use-therapeutic foods), feed astronauts
during space flight (or even be produced in space), support
health for military troops, or improve household income and
nutrition for enterprising smallholder insect farmers. Syn-
chronously, edible insects represent a new realm of culinary
explorations, which have only just begun (for example, see
the Nordic Food Lab’s recent book, On Eating Insects).

Reality check

Edible insects are not a panacea for current global food
challenges, and we should be careful not to overstate their
benefits. However, insects certainly represent a novel, bour-
geoning food and feed source with potential to generate bio-
available animal protein with fewer environmental conse-
quences compared to other forms of livestock.

Skeptics should be mindful of the relative infancy of
minilivestock farming compared with other established
agricultural activities. Advances in animal husbandry over
approximately 10,000 years have allowed farmers to exploit
the genetic strengths of livestock while optimizing growth,
disease resistance, and fecundity. Humans do have experi-
ence rearing insects, as sericulture has been practiced for
nearly 7,000 years for silk production, and later apiculture
was embraced to generate honey. Other insects, including
but not limited to mealworms, waxworms, ladybugs, crick-
ets, and moths, with valuable properties have also been cul-
tivated in bulk on artificial and natural diets. Today, scien-
tists and insect farmers alike are intensifying efforts to rear
insects for food and feed, but infrastructure and resources
still pale in comparison to those designated for traditional
livestock. Just have we have with other animals, we may be
able to capitalize on the strengths and benefits of insects
using method refinement and domestication, while simulta-
neously avoiding potential negative side effects.

It would be myopic to expect all insect production sys-
tems today to be optimized in the likeness of traditional
livestock, and developing minilivestock to resemble con-
ventional systems could also be environmentally and ethi-
cally problematic. There are thousands of insect species to
explore and ample existing understandings of insect biology
to build from, however. Knowledge sharing between suc-
cessful small-scale producers, commercial insectaries, and
researchers around the globe will be useful in advancing

minilivestock-rearing techniques at all levels, elevating
resource efficiency, and safeguarding health.

Research gaps and recommendations

Each of the putative benefits of insect consumption neces-
sitates robust empirical support, including applied and sys-
tem-level examinations. Narrow studies on specific insects,
particularly those harvested from the wild or reared in a
laboratory, make up the bulk of published entomophagy
research. With investments in strategic and targeted research,
we can improve models for insect-based agriculture and
optimize nutrition. Research is needed in five strategic areas:
(1) insect farming optimization for different scales of pro-
duction; (2) food safety, nutrition, and health impact assess-
ment of entomophagy; (3) public and consumer acceptance
of edible insects; (4) ethics and social justice; and (5) the
economic viability of insect agriculture.

Research recommendation 1: insect farming
optimization

Efforts to optimize insect production systems are just begin-
ning to be rigorously investigated. There is limited evidence
outlining the best rearing mechanisms to augment energy
efficiency, feed conversion ratio, and water use—and how
these mechanisms compare to traditional livestock. More
study and experimentation is needed to develop fully domes-
ticated systems for rearing a variety of edible insect spe-
cies on an assortment of feed substrates. Fundamentally, the
feedstock matters, as it will impact insect nutrition and feed
conversion efficiency (Lundy and Parrella 2015). Energy
requirements for feedstock production will influence overall
process efficiency. There may be opportunities to improve
or modify nutritional profiles of insects, but this requires
careful evaluation of feed inputs and nutrient cycling. Since
insects can often consume biomass inedible to humans, agri-
cultural byproducts and crop residue could serve as avail-
able, low-cost feedstocks for insects; however, the impacts of
organic biomass removal on soil health must also be quanti-
fied in agricultural systems.

Small-scale insect production needs contextualized
research that evaluates resources available in the local
environment and edible species that would thrive on those
resources. Researchers should take note of the success of
small-scale producers and commercial insectaries around the
globe following a positive deviance approach (Lapping et al.
2002). For small-scale operations, simple techniques to aug-
ment insect growth and nutrient content must be generated
taking into account cultural requirements. For commercial
production, lifecycle assessments of alternative substrates,
such as food waste or agricultural byproducts (e.g., crop
residues, spent grain from beer) also worthy of exploration.
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Likewise, controlling temperature and humidity for large-
scale production may be energy-intensive, so understanding
the magnitude of these energy requirements is critical.

Research recommendation 2: food safety
and nutrition

Not all insects are edible, but those that have been eaten
traditionally are broadly considered safe. Insects do have the
potential to transfer harmful bacteria, fungi, or parasites to
humans, however, particularly if they are not acquired from
hygienic environments (Grabowski and Klein 2017). While
there is limited evidence of disease or parasitoid transmis-
sion from insect consumption when insects are handled
under the same sanitary conditions as any other food (van
Huis et al. 2013), hazards may exist that vary by production
method and uncertainties about food safety remain (EFSA
Scientific Committee 2015). At various points during col-
lection, production, and processing, insects are at risk of
contamination by pathogens, so establishing best practices
to preserve food safety is critical for both consumer accept-
ability and economic viability (Meyer-Rochow 2010). These
best practices should be developed from additional research
and modified for variable conditions, including low-resource
contexts.

Microbial research on edible insects is sparse, but recent
evidence suggests that microbial quality of insects varies
dramatically by species, across rearing methods, by facility,
and even over production cycles at the same company (Van-
deweyer et al. 2017). All insects have a complex microbial
community containing mutualistic and pathogenic microbes
associated with both natural and farmed environments
(Marshall et al. 2016), and under certain conditions, insect
microflora provides a medium for growth of undesirable
microorganisms, such as the spore-forming bacterial spe-
cies, Bacillus spp. (Klunder et al. 2012). Bacillus spp. can
cause foodborne illness and form stress-resistant endospores
(Hong et al. 2009). Not all heat treatments or preservation
methods are sufficient to eliminate spores found in edible
insects (Ter Beek and Brul 2010; Vandeweyer et al. 2018),
engendering possible health risks to consumers. For those
not accustomed to such practices, raw insect consumption is
discouraged and hygienic washing and heating processes are
recommended (Grabowski and Klein 2017). More research
is needed to determine optimal processing methods for food
safety given these risks.

A closer assessment of the allergenic potential of edi-
ble insects is also important, given that there are known
antigenic determinants conserved across arthropods.
Cross-reactivity between edible insects and crustaceans
has been established, and current data highlight the role
played by arthropod pan-allergens including tropomyosin
and arginine kinase (Ribeiro et al. 2018). Specifically,
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in patients with shrimp allergies, the protein tropomyo-
sin was shown to be involved in cross-reactivity between
shrimp, insects, and mites (Witteman et al. 1994). Patients
allergic to shrimp have reacted to 7. molitor (mealworm)
extracts (Broekman et al. 2015), and sera from people with
dust mite and crustacean allergies cross-reacted with meal-
worm proteins (Verhoeckx et al. 2014). Researchers also
found a strong correlation between Gryllus bimaculatus
cricket-specific Inmunoglobulin E (IgE) levels, shrimp-
specific IgE levels, and responses, indicating that crickets
may induce a reaction in individuals with a crustacean
allergy (Kamemura et al. 2018). Occupational exposures
leading to allergies also pose a threat to people who work
closely with edible insects (Mlcek et al. 2014). Double-
blind and placebo controlled trials, food challenges, and
research on molecular mechanisms are needed to confirm
and further explore this topic.

Ambiguities about the health impacts of entomophagy
also exist and warrant investigation. As food, insects pri-
marily impact health by providing nutrients. Available data
on the nutrient content of edible insects are extensive, but
published studies use inconsistent methodologies, utilize
insects from disparate sources and reared under variable
conditions, and sometimes evaluate insects in different
life stages. More rigorous analyses are needed, including
assessments of insect nutrients not thoroughly investigated
(particularly vitamins), nutrient bioavailability, as well as
the presence of non-nutrients, and anti-nutrients in various
species or products.

Micronutrient bioavailability from consumed insects
is not well understood. Iron is of particular relevance to
global health, and unlike the iron in vertebrates, insect iron
is primarily present as non-heme ferritin and holoferritin
(Mwangi et al. 2018). One recent study measured the in vitro
iron bioavailability from four insects and compared it to sir-
loin beef and whole wheat flour using simulated digestion
(Latunde-Dada et al. 2016). Iron solubility for insects was
greater than steak or whole wheat flour, but that insect iron
bioavailability varied significantly by species. More data are
needed to understand bioavailability and bio-accessibility of
all insect micronutrients.

Insects contain relevant levels of dietary fiber, a non-
nutrient. The fate of insect chitin in the human gastroin-
testinal tract is not fully understood, but evidence suggests
that at least some humans have gastric chitinases capable
of degrading chitin (Paoletti et al. 2007). Through diges-
tion, deacetylation, and hydrolysis, it is plausible that insect
chitin derivatives (e.g., chitosan or chitooligosaccharides)
could function as prebiotics, promoting the growth of com-
mensal bacteria. More research is needed to understand this
mechanism and determine how chitin in insects or isolated
chitin could impact consumer health.
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Anti-nutrients, such as phytic acids, may impact the bio-
availability of nutrients in insects, particularly minerals, act-
ing as chelators that bind micronutrients and inhibit their
absorption. Anti-nutrients have been documented in several
edible insects (Omotoso 2006; Chakravorty et al. 2016),
but many species have not yet been analyzed. It should be
noted that heating and processing may impact anti-nutrient
concentration, nutrient digestibility (El Hassan et al. 2008),
and vitamins that are not heat stable (Williams et al. 2016).

Very few studies have measured direct health impacts
of insect consumption. One recent clinical trial explored
the influence of edible cricket powder on gut microbiota in
healthy adults (Stull et al. 2018a). Another study assessed
the impact of insect protein supplementation on changes in
muscle mass and strength during resistance training (Vang-
soe et al. 2018). However, these limited investigations leave
ample room for more research on direct health outcomes
from entomophagy via clinical trials and longitudinal stud-
ies, which will be crucial to building evidence regarding
the health benefits and risks from insect consumption in the
short and long-term. Similarly, identifying specific allergens
in insects via gene sequencing will help to provide appro-
priate warning labels on commercial insect foods and gen-
eral public health information to small-scale collectors and
producers.

Research recommendation 3: public and consumer
acceptance

Social research on consumer perceptions will be necessary
if edible insects are to enter the mainstream in cultures that
do not traditionally engage in entomophagy and in settings
where eating farmed insects (as opposed to wild-collected
insects) is novel. Eating insects involves a series of deci-
sions strongly influenced by consumer knowledge, exposure
to insects as food, and socio-cultural perceptions (Tan et al.
2015; Stull et al. 2018b; Piha et al. 2018). Cultural experi-
ence is instrumental in driving the acceptability all food, and
even in contexts, where some insects are eaten, there is wide
variability by tribe or population in terms of what specific
insects are considered food (Ghosh et al. 2018).

Cultural attitudes towards edible insects in Europe and
North America are often associated with aversion and lik-
ened to disgust (Looy et al. 2014; La Barbera et al. 2018).
Clearly, the adoption of new foods comes with challenges,
but altering cultural tastes is not insurmountable; the erup-
tion of sushi’s popularity in just 10 years is one example
of a rapid cultural shift without any concentrated policy
efforts (Johnson 2010). The popularity of formerly abstruse
but now fashionable foods such as kombucha, goji berries,
soy milk, and quinoa also exemplify how virtually unknown
foods can easily gain notoriety (Shelomi 2015), especially
with targeted messaging. In other contexts, socio-cultural

acceptance of new foods often depends on consumer mar-
keting or endorsements from governments and local lead-
ers who will confirm that the food is appropriate and in
alignment with local foodculture. Promoting entomophagy
through minilivestock farming will be no different—accept-
ance of new insect foods will necessitate strategic educa-
tional campaigns hinged on a comprehensive understanding
of how people perceive insect foods and what elements or
practices are essential for consumer comfort/motivation.
Transdisciplinary research is needed to add depth to current
understandings of what drives the rejection or acceptance
of insects as food in variable contexts (Ghosh et al. 2018).

Research recommendation 4: ethics and social
justice

There is limited research on ethical considerations for
entomophagy and minilivestock farming. Questions regard-
ing the sentience of insects remain, and protocols to avoid
inflicting unnecessary distress or pain have not been for-
malized. More research on animal welfare throughout insect
farming and harvesting is needed (Pali-Scholl et al. 2018).
Other ethical challenges may stem from social relationships
and biological webs—specifically the wellbeing of farmers
and consumers, as well as the welfare of ecosystems (Walt-
ner-Toews and Houle 2017). As a new edible insects industry
emerges, there is a need for mindful planning: how should
this industry evolve? Moreover, attention to farm worker
rights, power dynamics, and the desires of communities
who eat or produce insects themselves is needed—extend-
ing beyond the realm of productivity science. If production
scales-up with a focus on technical aspects of farming but
without attention to structural inequalities that dictate who
controls and benefits from edible insects, the growing edi-
ble insect industry could reinforce existing power relations;
hence, more ‘power-aware’ approaches to research and trade
that include marginalized participants in decision making
could help promote a more democratic edible insects indus-
try (Miiller et al. 2016). Engaging producers, consumers,
decision makers, and researchers from across disciplines will
be essential to think through these issues.

Research recommendation 5: economic viability

Finally, the economics of insect cultivation need to be
explored, including cost effectiveness, reliability, and qual-
ity on multiple scales. Export and import prices of edible
insects may influence the viability of farming as a liveli-
hood, and in certain contexts, such as Namibia and Thai-
land, the market is favorable for sellers (Dobermann et al.
2017). Currently, most insect production systems are labor
intensive. In Western countries, this leads to a high-cost,
high-end product. Mechanization techniques may yield a
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more economically competitive industry. In low-resource
settings, extending shelf-life of locally produced insects and
creating tools that allow insects to be farmed in bulk will
improve their market value. With growing awareness of the
nutritional and environmental benefits of edible insects, con-
sumer demand may rise, and the commercial edible insect
sector is already developing methods permissive for large-
scale rearing (Ghosh et al. 2018). Market and value chain
research across the globe is needed to fully understand the
scale, scope, and potential of different types of edible insects
as food.

The regulatory environment: ambiguity in US policy

The current lack of a cohesive legislative framework remains
a primary impediment for the edible insects industry around
the globe. Clear policies guiding the production and distri-
bution of insect-based foods in the US are absent, which
may impact development of edible insect products around
the world given the outsized role the US plays in global food
policy (Hawkes 2006). At the federal level, edible insects
fall under the purview of the United States food and drug
administration (FDA), while the United States department
of agriculture (USDA) may be involved in oversight via their
animal and plant health inspection service (APHIS) agency
on a state-by-state basis. To date, however, the USDA has
not yet expressed an interest in regulating insect agriculture.

Historically, the FDA has focused extensively on insects
as a defect in human food, referring to them directly as ‘filth’
in the Compliance Policy Guides Sec. 555.600 (FDA 2015).
Several FDA enforcement court cases have held that con-
taminating filth includes insect fragments or the presence
of insects in a food facility (Boyd 2017). Similarly, current
good manufacturing practice (cGMP) regulations stipulate
that food manufacturers must limit the presence of ‘pests’ on
the premises, including insects (CFR 2017) and control for
insect parts in food (allowable only at certain levels) (FDA
2011). Comparatively, the FDA has given very little official
attention to insects themselves as food.

Informally, insects have been recognized as food by regu-
lators in select cases. The FDA has stated in non-binding
correspondence with producers that there is no specific regu-
lation that condones or prohibits the use of insects as food;
rather, insects are considered food, like all foods, only if
consumption is their “intended use” under Sec. 201(f) of the
FDCA. Furthermore, unofficial guidance requires that food
insects be clean (i.e., free from toxins, filth, and pathogens),
packaged, properly labeled with scientific names, reared
specifically for human consumption using cGMP, and not
caught from the wild.

Despite the casual advice provided in these communi-
cations, the FDA has not yet formally distinguished edible
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‘food’ insects from those that are considered ‘filth’ under the
FDCA (Boyd 2017). The regulatory status of edible insects
remains ambiguous, evidenced by examples of FDCA vio-
lations, such as the one handed down for misbranding of
a candy containing mealworms (Messa 1993), and express
permissions, such as those give for use of confectioners
glaze (shellac) and carmine dye derived from cochineal
insects (Dactylopius coccus) as long as they are declared on
all food labels [21 CFR 73.100 (d)(2)].

The regulatory environment: policy progress
and gaps in Europe

The European Union (EU) has made some recent advances
in this policy space. Until recently, there was legal uncer-
tainty regarding the regulatory classification of edible insects
and patchwork regulatory enforcement dictated insect sales
country-by-country. For example, the old Novel Food Reg-
ulation (258/1997/EC) posed a challenge for integrating
edible insects into the European market, as food ingredients
and foods not consumed in significant amounts by people in
the EU before May 15, 1997, were considered ‘novel.” This
designation included food ingredients isolated from animals
and did not specify whole insects versus insect parts. Several
EU member states interpreted this regulation differently and
retained variable, individualized classifications for insects.
Italy, for example, viewed whole insects and their compo-
nent parts as novel. Belgium and the Netherlands conversely
considered only isolated substances from insects (e.g., pro-
teins, lipids) novel. This led to fragmentation in the insect
market, as inconsistent novel classifications made insects
subject to differing degrees of pre-market screening and
authorization across Europe.

The new comprehensive regulation on Novel Foods (EU
2015/2283) enacted in January 2018 has clarified this issue
to some extent and harmonized standards across the EU. It
expands categories of novel foods to include whole edible
insects, insect parts, and other foods not produced or used
before 1997 (European Parliament 2018). Under these new
parameters, edible insects and their parts can be placed on
the EU market provided that the “authorized conditions of
use, labeling requirements, and specifications are respected”
(European Commission 2018). A simplified and central-
ized authorization protocol has been developed to expedite
authorization.

The European Food Safety Authority (EFSA) will evalu-
ate the safety of novel foods, including novel foods that are
traditionally consumed in countries outside the EU. If safety
can be “established on the basis of evidence of a history of
consumption in the third country, and there are no safety
concerns raised by EU member states or EFSA, the tradi-
tional food will be allowed to be placed on the EU market”
(European Commission 2018). Industry leaders are hopeful
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that the revised policy will launch both imported and domes-
tically produced edible insects on to more European plates.

In terms of managing safe insect production, the EU is
also leading the charge with organizations galvanizing to
generate comprehensive guidelines for edible insect produc-
ers and retailers. In February 2019, the not-for-profit organi-
zation the International Platform of Insects for Food and
Feed (IPIFF) published a guidance document on best prac-
tice for quality assurance and hygienic insect production for
businesses producing, processing, and marketing insects safe
for human consumption and animal feed (IPFF 2019). The
non-binding document aligns with EU regulations (ECNo
183/2005 and 852/2004) related to food and feed safety and
integrity. It covers production steps including insect feed-
ing, breeding, harvesting, processing, storage, transport,
and retail activities. Moreover, the guide highlights crucial
safety procedures for insect production as were previously
determined by the EFSA. While the guide has not yet been
recognized by European institutions, IPFF shared the docu-
ment in accordance with EU procedures with the European
Commission services after it was assessed by the Standing
Committee on Plants, Animals, Food and Feed (IPFF 2019).
A similar document for the US does not yet exist.

Impacts of current regulations

In the US, the dearth of direct guidance documents from the
FDA leaves researchers, producers, and retailers uninformed.
While food companies are advised to follow current cGMP,
insect farmers must rely on their own common sense to
assess quality in production. Retailers and restaurants inter-
ested in selling insect-based foods are often unsure about
rules and oversight, adding to perceived risk. The absence of
a stance from regulatory agencies could ultimately stifle the
growth of the industry writ large (van Huis et al. 2013), and
some argue that inaction on the part of the FDA is not a neu-
tral position but rather a posture that discriminates against
entomophagy (Boyd 2017). Failure to establish policies may
bolster preponderate biases and cultural food norms that do
not consider insects to be food (Gorham 1979), especially
given the impact Western attitudes towards insects may have
on global entomophagy trends (DeFoliart 1999).

Another regulatory setback is uncertainty regarding the
generally regarded as safe (GRAS) designation for specific
insect products (not including food additives). In the US,
GRAS is often required by larger manufacturers and food
retailers for new products. GRAS designation is obtained
either via the scientific method (i.e., GRAS notification sub-
mission to the FDA), which is cumbersome and expensive,
or the alternative ‘self-affirmation’ (self-GRAS determina-
tion) via record of use, which requires research on histori-
cal use of the product (CFR 2018). Self-GRAS determina-
tion allows producers to market their products immediately,

without having to wait for FDA to review and approve
(Hutt et al. 2013). Self-designation is also less resource-
intensive for the industry and the FDA. However, FDA-
endorsed GRAS is desirable for some larger food retailers,
and while money savings from self-determination may lower
entry costs, they could subsequently result in later losses of
approvals or reputational damage if mistakes are made. Both
options remain a significant challenge for emerging insect
entrepreneurs.

In the European context, entrepreneurs face a different
set of hurdles. Although the revised novel foods guidelines
are helpful for streamlining entry into EU markets broadly,
they remain costly and time consuming. Like GRAS, novel
foods regulation authorization may be laborious and time
consuming for edible insect entrepreneurs, requiring pre-
market approval for all insect-based foods. Details on the
insect cultivation methods may also be necessary to include
in applications for authorization, as they can impact safety.
Risk assessment is a required element for approval of novel
foods in Europe and GRAS designation in the US; thus,
extensive food safety research as part of the regulatory pro-
cess will help guarantee the safety of edible insect products
in the future and propel the industry forward.

Policy reccommendations and emerging efforts
to shape Policy

The US has an opportunity to join Europe as a leader in
insect production and dissemination, but the policy environ-
ment must evolve in tandem with increased research. There
are at least four initial policy-related changes that could prop
up the edible insects industry in the US. First, legal recogni-
tion by the FDA that many insects are in fact food would help
the industry overcome current stigma. This might require an
amendment to the FDCA, and potentially the development
of a specific test to differentiate insects that are ‘filth’ from
insects that are “food’ (Boyd 2017). Moreover, a clear defini-
tion distinguishing between ‘food’” and ‘filth’ insects could
also clarify when or if a physical test is needed. Second, it
would be helpful for the FDA to provide clear instruction as
to the GRAS process, specifically for insect-derived food
ingredients. Most helpful would be guidance on specific rel-
evant toxicology or nutritional evaluations for insects, when
they are needed, and how to form and use an expert panel to
complete the GRAS dossier. Third, given the extensive his-
torical and modern consumption of insects across the globe,
as well as the regulatory precedent for acceptable levels of
insect parts in human food, it would be prudent for the FDA
to create an expedited GRAS process or category for insect-
based food ingredients. Finally, members of the edible insect
industry should collaborate and advocate their own working
definitions of insects as food and work to develop food safety
and production standards that can collectively be presented
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to the FDA. This may improve transparency and safety in the
industry, while giving the FDA a framework they can more
easily assess, approve, and enforce.

In the EU and elsewhere, there is a need for policies that
support development of efficient and safe minilivestock
farming mechanisms, so as to reach those who would most
benefit from increased access to edible insects. Well-estab-
lished, axiomatic protocols for small-scale insect production
are scarce. A concentrated effort by donor agencies such as
the German Corporation for International Cooperation (GIZ)
or the United States Agency for International Development
(USAID) could spur global movement on applied research
and program investment. Likewise, partnerships between
affiliated institutions, other non-governmental organizations,
and governments could drive a comprehensive and well-
informed movement towards enhanced insect production that
supplies sought-after nutrients to food insecure populations.
Integrating minilivestock with other nutrition sensitive and
nutrition specific agriculture projects, such as those included
in the US government’s Feed the Future initiative, would be
timely and impactful. Both funding and regulatory support
for minilivestock could target specific vulnerable groups, to
support nutrition, agriculture, and livelihoods.

Several organizations have emerged in response to the
lack of regulatory guidelines, including: IPIFF, the North
American Coalition for Insect Agriculture (NACIA), the
Woven Network, and the Tripartite Organization for the
Promotion of Insect Consumption (TOPIC) (Mason et al.
2018). Each group has a unique strategy for advocating for
the removal of regulatory roadblocks, collaborating across
stakeholders groups, and fostering growth of the edible
insects industry. The cooperation and leadership by these
organizations is essential to jumpstart scalable and substan-
tive initiatives to expand consumption of potentially safe,
nutritious, and sustainable insects and insect-based foods.

Conclusions and a way forward

The next steps to capitalize on the benefits of edible insects
are as follows: (1) generate and galvanize knowledge shar-
ing networks at the nexus of minilivestock stakeholders
including producers, academic institutions, governments,
and international agencies; (2) invest in research including
controlled laboratory studies, practical and contextual analy-
ses, life cycle and environmental assessments, clinical trials,
epidemiologic studies, ethical analyses, and investigations of
consumer perceptions; and (3) advocate for policies to sup-
port emerging edible insect entrepreneurs around the globe,
recognize insects as food, and set clear regulatory guidelines
for insect production and sales.

@ Springer

Edible insects represent an underdeveloped, under-
researched, and under-utilized food and feed source. Both
research and policy action are essential to fully explore
opportunities for insects to provide dual benefits to human
nutrition and environmental protection. Research on the
safety and feasibility of insect agriculture will pave the way
for new uses and streamlined production. Clear policies will
also better capture the benefits of edible insects in places
where they are already consumed, while also supporting the
burgeoning trend in Western markets.
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