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Implications

» Edible insect markets are rapidly expanding, driven by
consumer demand for sustainable food.

» Edible insect production volumes are still too small to
drive a massive change in animal feed sustainability.

* Frass regulations may delay the development of the
nascent edible insect market if they are not simplified
and harmonized with other agricultural waste manage-
ment practices such as manure.

» Information for the general public about the insects in
the food and feed industry in Canada and the United
States is lacking and should be addressed by supporting
organizations with the collaboration of the industry.
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Introduction

The history of edible insects in North America (NA)
dates back to the precolonisation era when indigenous know-
ledge about insect consumption may have saved early settlers
(Schrader et al., 2016). In the United States, early insect-
farming activities were related to fishing baits (crickets) (Hall et
al., 2021) and the oldest known enterprise, Armstrong Cricket
Farm, founded in 1947, is still active (Wilkie, 2018). Other
large-scale insect-culture activities in this region focused on the
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production of species used in biological control of pests (or
integrated pest management) within the forestry and agri-food
sectors or more recently to control insect populations carrying
transmissible pathogens that threaten humans and other ver-
tebrates (Klassen and Vreysen, 2021). The relatively recent
interest in large-scale production of edible insects has closely
mirrored that observed in Western European countries. The
2013 report by the FAO (van Huis et al., 2013) and related ef-
forts laid the foundation for significant developments that have
taken place since; both academic and industrial progress has
been unprecedented to permit the emergence of large-scale cul-
ture of a range of insect species as food and feed (NPC, 2022).
The underlying factors motivating the emergence of this sector
shares several commonalities with those in Europe, including
increased consumer demand for eco-responsible ingredients
such as food and feed (Hénault-Ethier et al., 2020) paralleled
by matching marketing approaches (Marquis et al., 2020), con-
cerns of negative environmental impacts of traditional food
and feed production, and increased pressure in many juris-
dictions to manage food waste in a circular manner (Hénault-
Ethier et al., 2017; Lahteenmaki-Uutela et al., 2017).

The aim of this article is to review the current state of the
art related to edible insects in Canada and the United States,
including production sectors, regulatory frameworks and R&D
efforts to provide an updated status, opportunities, and chal-
lenges faced by the NA edible insect sector.

Commercial Concerns

Insect farms generate coproducts, insects and frass, for
which the final market will be depending on the insect species
and the processing methods used. For most production, in-
sects are further processed into full meals, defatted meals and
oil which are sold for human and animal consumption. While
several studies are proposing protein extraction methods (Ravi
et al., 2020), no producers in Quebec are offering this product
yet (TFIC, 2022) and minimal information is publicly available
about the products being ready to reach the market.
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Specialists forecast market receptivity and growth both in
NA and Europe (Mancini et al., 2022). Although typical pro-
files of insect consumers are emerging in NA (Marquis et al.,
2020), lack of market knowledge, production inconsistencies,
and low production volumes represent challenges for the com-
mercial success of edible insects. As for any new industry, the
number of active companies and production volumes is still
partially defined or kept confidential (Dussault, 2017). Over
the last few years, the market interest is reflected by a growing
number of market reports related to edible insect proteins.
Although all agree on the potential of this emerging sector, the
conclusions of these reports are highly variable (Mancini et al.,
2022) with some more confident than others.

The sector is now gaining momentum with several primary
insect producers across the continent and value chain partners
downstream beginning to incorporate insects as a primary in-
gredient in their products. The number of active insect-based
companies is hard to establish considering the high turnover
of start-ups (opening and winding down). Studying a precise
geographic location (province of Quebec, Canada), the rapid
growth of the industry has been observed since 2015 with an
average annual growth in the number of companies of 29%
(TFIC, 2022). But defining the growth over the larger NA re-
gion is challenging because there is no organization officially
responsible for keeping track of the industry growth. By com-
bining the information from the edible Quebec Insect Sectorial
Table (TFIC), Natural Product Canada (NPC) and the North
American Coalition for Insect Agriculture (NACIA) members,
it was possible to obtain a rough estimate of 41 insect produ-
cers in Canada and 21 in the United States in 2022 (NPC, 2022;
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TFIC, 2022). In addition, there were 22 companies offering
insect-based products in Canada and one in the United States
(Figure 1). A better knowledge of the number of active com-
panies is required to better evaluate the growth of the industry.

As with any new industry sector, NA insect agriculture has
faced challenges of consistency, with highly varied methods
of production and downstream processing being applied to
the three major industrial species. Harmonization efforts are
underway, including an industry-led initiative through the
NACIA to adapt the International Platform of Insects for
Food and Feed (IPIFF) best practices guideline for NA pro-
ducers. International efforts to harmonize feed assay proto-
cols for black soldier flies (Bosch et al., 2019) and mealworms
(Deruytter et al., 2022), including NA research groups and
industries, are also deployed to help accelerate the optimiza-
tion of insect nutrition. Increasing consistency of production
should help engage early adopters, relying on insect protein and
oils that meet their certificates of conformity. But increasing
consistency may also help the second major challenge of the
industry—production scale. The market pull for alternate pro-
teins and healthy oils vastly outstrips the current global insect
production to such a degree that currently no individual insect
farm alone, nor all insect farms combine, for a given species
could meet the scale needed for the successful commercializa-
tion of an insect-based aquaculture feed, pet food or poultry
feed. With more consistent production from multiple insect
farms, the outputs can be pooled and begin to fuel the produc-
tion of downstream insect-based products.

The appetite for sustainable, nutrient-rich, high-quality pro-
tein and oils from insects has already been demonstrated in
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Figure 1. Map of edible insect producers (orange beetle, excluding producers of live insects for the pet market and research centers) and processors (green fa-

cility) in Canada and the United States.
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aquaculture, pet food, and animal feed. In fact, the barrier to
widespread market penetration is scale. In Canada for example,
the minimum tonnage for commercial launch of a national dog
food with insect protein is 10 tonnes. A scale hardly met by any
individual Canadian farm to date. According to a market study
lead by Enterra, the demand for high-quality insect ingredients
and products was 150,000 T in NA and Europe in 2020 and
is expected to increase with a high growth rate (Jowett, 2020)
which needs to be estimated. In 2019, European production
was estimated at 500 T and is expected to expand to 260,000
T by 2030 (Grau et al., 2022; Mancini et al., 2022). Therefore,
considering the advance of the European production volume,
the immediate demand for insect products was not reached
when combining both productions.

Two market expansion strategies are unfolding in NA
(Figure 2). First, there is a “gold rush” to increase the produc-
tion volumes of individual industrial players and secure market

shares while reducing product prices. This strategy is the most
common, but it represents the highest risk with important cap-
ital requirements while the market is slowly expanding. In 2023
Aspire Food Group’s “world’s largest” cricket farm should
reach full capacity and Entosystem brings their 100,000 sq ft
black soldier fly expansion facility online, but significant growth
is needed across the sector to meet and then sustain market
penetration of insect protein and oil. In the United States, sev-
eral companies have undergone significant development, such
as Enviroflight, InnovaFeed, Beta Hatch, PreZero, and soon,
Ynsect and Protix will help address capacity issues there. The
second strategy for edible insect sectorial growth involves tight
cooperation between smaller specialized (decentralization) en-
terprises (nursery, bioconversion, and processing) deployed
over a wider geographical area (Grau et al., 2022), similar to
the conventional poultry and pig farming industry. This ap-
proach has been demonstrated in Europe and is slowly gaining

(@) [ Insect nursery H Bioconversion H Processing ]
Site 1
b
(b) [ Insect nursery
Site 1
Bioconversion H Processing J
Site 2
(c) [ Insect nursery Processing ]
Site 1
Bioconversion
Site 2
(d) [ Insect nursery
Site 1
Bioconversion
Site 2
Processing ]
Site 3

Figure 2. Market expansion strategies: (a) centralized and integrated plan, (b) centralized nursery with decentralized bioconversion and processing, (c) central-
ized nursery and processing with decentralized bioconversion and (d) decentralized plan. Adapted from figures in Grau et al. (2022).
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traction in NA. If each market (dog food, aquaculture feed,
and poultry feed, etc.) requires a minimum of 100,000 tonnes
to fulfill the market need in NA, then even global production,
let alone NA production, will continue to fall short for the next
5-10 yr unless efforts are made to sustain sectorial growth as a
whole. Much hinges on the success of these recent expansions,
as they are per if they are proven commercially viable and the
combination of protein, oil and frass sales provides them with
profitability, then their traction should pave the path for add-
itional production capacity.

Regulations Applied to Insect

The edible insect industry is generating several coproducts
that can be redirected toward five main markets, human food,
pet food, feed, fertilizer, and other applications, which include
pharmaceutical and cosmetics. Both in Canada and the United
States, there are federal requirements that supersede provin-
cial or state legislatures in the food, feed, and fertilizer sectors
which can sometimes make regulations that pertain to insects
difficult to navigate. Historic regulations on insects generally
regarded them as filth and potential agents of adulteration in
food. Insect-specific regulations are still lacking making the
regulatory scenery uncertain for market expansion.

Food

Canada’s regulations consider that if there is a documented
history of traditional consumption of a food item elsewhere
on the globe, it can be sold here without further regulatory
constraints, but must first undergo the novelty determination
process. Because of this, several insect species are already con-
sidered as nonnovel food, including, but not exclusively, the
mealworm (7enebrio molitor), the lesser mealworm (Alphitobius
diaperinus) and the banded cricket (Gryllodes sigillatus)
(Government of Canada, 2022a). However, every insect species
which is not approved on the List of nonnovel determinations
for food and food ingredients (Government of Canada, 2022a),
such as grasshoppers or black soldier fly, require a novel food
determination during which companies must demonstrate the
history of safe consumption. However, if the insect species was
considered a novel food by Health-Canada during the nov-
elty determination process, a complete demonstration of the
product’s nutritional, chemical, microbiological and toxico-
logical safety before going to market (Government of Canada,
2022b). Beyond this federal requirement, each province is re-
sponsible for agricultural production standards and food safety
guidelines (Lahteenméki-Uutela et al., 2017).

The U.S. regulatory system, the Food and Drug
Administration (FDA), controls insects as food under the
Federal Food, Drug, and Cosmetic Act. As with other foods,
edible insects could be Generally Recognized as Safe (GRAS)
if a firm or a third party demonstrated relevant scientific
opinion based on published or unpublished scientific data
(Lahteenméki-Uutela et al., 2017). But these expensive testing
procedures are prohibited in a nascent industry. Else, edible

insects may be considered food additives as they may reason-
ably become components or otherwise affect the characteristics
of food, and as such, it requires premarket review and approval
by the FDA. While specific mandates on insects as food are still
lacking, the FDA has expressed written opinions on the fact
that insects may be considered food if that is their intended
use and if they follow the regulatory requirements of other
foods. These requirements involve being clean and wholesome,
produced and otherwise processed under sanitary conditions
following good manufacturing practices (GMP), and properly
labeled. Insects farmed for animal consumption or collected in
the wild may not be diverted to the food market. Because re-
gulations are still ill-adapted to insects as food, each company
markets it at its own risk. Obtaining GRAS or FDA food addi-
tive supplement recognition is required for every individual in-
sect species which could overwhelm the agency’s capacity.

Pet food and treats

Only a few government restrictions apply in Canada re-
garding pet food and treats, but insect ingredients must be
produced in sanitary conditions (TFIC, 2022) and distributors
require producers to follow Good Manufacturing Practices
(GMP) and an array of safety data for pet food ingredients.
In the United States, pet food is under the nongovernment
Association of American Feed Control Officials (AAFCO).
In 2022, AAFCO approved the dried black soldier fly larvae
ingredient as safe for adult dogs which unlocked the poten-
tial for a large market in the United States (AAFCO, 2021).
However, approvals must still be obtained for gestating per
lactating female dogs, puppies, and all three life stages in cats.
Furthermore, insect producers working with different insect
species must go through the approval process for their feed in-
gredients in all dog and cat life stages.

Animal feed and functional claims

In the United States, the key organization for developing re-
gulations associated with animal feed is AAFCO. This inde-
pendent body, which is comprised of individual state control
officials and governmental employees volunteering their time,
provides guidelines for the sale and distribution of animal feed,
including pet food, across geopolitical scales ranging from local
to federal; however, the approval of regulations is managed
by the FDA and state authorities. In most instances, entities
seeking regulatory guidance are recommended to communicate
with the AAFCO; however, engaging FDA is permissible. With
that said, determining whom to contact is challenging simply
in part, as pointed out initially, to the complexity of the FDA.

Further complications arise in the marketing and sale of
animal feed ingredients that have functional benefits. The cur-
rent FDA regulations and guidelines mean that the labeling
claims for animal foods are limited to the effects of the ingre-
dients’ nutritional properties. This framework means that if
a company wants to make functional claims, such as benefits
to the environment, improved growth or reproductive behav-
iour, improved milk per meat per egg production, or improved
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physiological conditions, the product is considered a drug, and
requires a separate, and much lengthier and more expensive,
approval process. These regulations are seen as outdated by the
broader U.S. animal feed industry and are behind many other
regions, including the EU, Canada, Brazil, Australia, Chile,
and more, and limit innovation, especially in nascent industries
such as insect agriculture.

Fertilizer and plant biostimulants

Insect frass is probably one of earth’s oldest fertilizers, nat-
urally spread across the landscape by wild insects. Physical
attributes/consistency (Figure 3) and N-P-K ratios for in-
sect frass vary greatly across species (Beesigamukama et al.,
2022) and production methodologies. Frass is an important
coproduct generated during insect production which could be
an economic bottleneck to the expansion of the edible insect
sector, especially if its definition implies some sort of regula-
tion. The use of coproducts from edible insect production as a
fertilizer or soil amendment also depends on federal, provincial
or state regulations.

Despite the biological classification of insects as animals,
the revamped Canadian Fertilizer Act now excludes insects
from the list of animals generating manure. This shift in def-
inition means that the limited sale and export of frass for
specified uses currently authorized as “specialty fertilizer”
ends as of October 2023, shifting to a requirement for the
Canadian Food Inspection Agency (CFIA) for approval as
an organic fertilizer and soil supplements (CFIA, 2020). The
time and capital required to gain authorization may hamper
the edible insect sectorial growth. However, the frass working
group from the TFIC considers frass as insect manure, which
would alleviate the regulatory hurdles for sale and use. There,
frass is defined as “Organic material from the production of
insects, obtained following the harvesting of insects, mainly
composed of insect droppings and which may contain vari-
able quantities of exuviae, insects, litter, or food refusals.”
(TFIC, 2022). The sale of frass in bulk (=50 liters) or its use

in fields may require provincial ministerial authorizations de-
livered by competent environmental extension services. To
date, only dry frass is sold in Quebec (TFIC, 2022), though
industrial research to produce pelletized frass which is easier
to apply, increases liberation time and generates less dust is
underway.

United States. Frass as a fertilizer is regulated differently
in the United States, depending on whether it is used in con-
ventional or organic farming. For conventional farming ap-
plications, frass is regulated by the Department of Agriculture
of the state the producer is in and may require a license and
product registration. Furthermore, any producer selling frass
to a different state is required to obtain a license from that
state. However, if the frass is to be used for organic farming,
it is regulated at the federal level by the USDA National
Organic Program (NOP). While the NOP develops and en-
forces national standards for organically-produced agricul-
tural products sold in the United States, it does not directly
certify businesses or products. Instead, it accredits state govern-
mental and independent third-party certifying organizations,
such as the California Department of Agriculture (CDFA) or
the Organic Materials Review Institute (OMRI), respectively.
Unfortunately, the NOP lacks a definition for frass, which has
resulted in inconsistent certification of insect frass products by
different certifying organizations. This has a negative impact
on the nascent industry, as it restricts the higher-value end-use
market of organic farming and can create confusion among
end-users.

Further complications arise if a producer would like to
make functional claims about their frass product. If a pro-
ducer intends to market frass as a plant biostimulant—a sub-
stance that stimulates natural processes to enhance or benefit
nutrient update, nutrient efficiency, tolerance to abiotic stress,
or crop quality and yield—it is regulated under the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA). This
means the product must be registered as a pesticide with the
U.S. Environmental Protection Agency (EPA), and the equiva-
lent state agency for every state the producer intends to sell the

(a) Banded cricket

(b) Black soldier fly

(c) Mealworm

Figure 3. Frass from the three main edible insect species produce in North America are: (a) house cricket, (b) black soldier fly, and (c) mealworm (TFIC, 2022).
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Table 1. Estimated market size and product price per industry phases (adapted from (de Jong and Nikolik,

2021)

Estimated market size (metric tons)
Industry phase and estimated product price (EUR per metric ton) Total Pet food Aquaculture Poultry layers Poultry broilers Piglet
Scale-up phase: 120,000 65,000 20,000 20,000 10,000 5,000
€ 3,500-5,500
Wider-use period: € 2,500-3,500 200,000 85,000 55,000 30,000 20,000 10,000
Maturity phase: € 1,500-2,500 500,000 150,000 200,000 70,000 50,000 30,000

product. Also, the importation or interstate movement of bio-
logical control agents is regulated by the USDA Animal and
Plant Health Inspection Service (APHIS), therefore, APHIS
shares dual jurisdiction with EPA when regulating microbes
that help plants fight off pests and pathogens.

Considering the myriad of potential and demonstrated
functional benefits of frass (Barragan-Fonseca et al., 2022), the
current regulatory framework in the United States is a complex
barrier that can prevent producers from realizing the full po-
tential of frass.

Organic Waste Challenges and
Considerations

While insects are inherently more sustainable as an industrial-
scale food and feed source than other related systems—Ilower
water usage, vertical farming reducing hectares required; there
are elements of their production that can be optimized for en-
ergy efficiency and lowered carbon footprint. Some of these are
apparent—solar roofs on 9,300 m? insect farms go a long way
to reducing the energy requirements of the facility; but others
come from upcycled or sustainably sourced insect feed.

Obviously, as a sector focused from its inception on being
environmentally driven, there have been significant efforts in
exploring waste organics as insect feed. Black soldier fly larvae
(BSFL) as voracious consumers have led this charge, with meal-
worm and cricket facilities still relying primarily on prepared
feeds (TFIC, 2022). With upcycled feedstock comes a whole
array of challenges—availability per scale (a 9,300 m> BSFL
farm requires approximately 90 T of wet-weight organics per
day as feed); consistency (seasonal fluctuations in crop waste)
and perhaps most challenging: depackaging preconsumer or-
ganic waste. In NA, insects that are destined for consumption
as a food or as a feed ingredient are limited to preconsumer
wastes that have met regulatory approval. For example, in the
United States, BSFL intended for animal feed applications can
only be reared on “feed grade” materials. While this clearly en-
sures a level of safety, it does exclude postconsumer organics
(“green box household waste”). And while there is a signifi-
cant volume of preconsumer organic waste available, over
50% of food produced ends up in waste streams (Gooch et
al., 2019), this potential insect feedstock is heavily packaged.
Depackaging these organics at scale has proven a significant
barrier to many insect farms. Typical depackaging technology
for organics destined for anaerobic digestors or composting in-
volves mechanical separation and sieving, which leaves large

amounts of plastic, glass and cardboard fragments in the ma-
terial. Thorough depackaging with a combination of robotics,
scanners and human QA per QC is prohibitively expensive,
therefore, innovation is required to produce a cost-effective so-
lution. For an industry that has been able to lean on farm fresh
“waste” produce (unpackaged) and food processing sources
such as spent grains from breweries, expansion requires solu-
tions to depackaging that are not yet operational.

Product pricing is also an important consideration for the
long-term success of the industry. A 2021 report about the
market potential for insect protein estimated the sale price of
insect protein would drop from € 3,500 to € 1,500 per metric
ton by 2030 (de Jong and Nikolik, 2021). As shown in Table
1, this price reduction is expected to occur as the industry ma-
tures and will be needed to keep the product competitive with
the wider protein market. These price reductions will need to be
supported by reductions in capital and operating costs, which
can be achieved by further innovation and research.

Increasing Industry Support

Clearly, numerous funding agencies in Canada and the
United States are more attentive to the development of insects
in the food and feed sector. However, these funds are primarily
geared towards the applied sector (i.e., industry), which limits
the number of researchers (e.g., university or within the in-
dustry) available to conduct said work. Consequently, efforts
to expand the value of such research towards basic sciences are
needed. By doing so, the number of researchers engaged could
expand which would: 1) diversify research activities and topics;
2) enhance industry expansion, and 3) increase emphasis on
quality control, optimization, and value.

The development of trade organizations serves as a platform
to accomplish numerous goals. Efforts through groups, such as
the NACIA, the Association des Eleveurs et Transformateurs
d’Insectes du Québec (AETIQ) and the TFIC, as well as pro-
fessional scientific organizations (e.g., Entomological Society of
America, Canadian Entomological Society) allow for identifying
key issues (e.g., regulatory, research) needing to be addressed.
Furthermore, such entities engage communities either directly
or through the media which allows for education and potential
acceptance of the concept of insects as food and feed. These ef-
forts are needed as they serve as a feedback loop guiding gov-
ernment representatives attempting to determine where to direct
research funds. Fruits of such endeavours are paying dividends
as agencies, such as the National Science Foundation (NSF) and
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the U.S. Department of Agriculture (USDA) are investing more
than ever in the insects as food and feed sector. This result is best
exemplified by the creation of the NSF Industry per University
Cooperative (IUCRC) Center for Environmental Sustainability
through Insect Farming (CEIF). The CEIF serves as a bridge
between industry and academia in order to: 1) address the most
pressing research needs; 2) develop the next generation of re-
searchers, and 3) expand the research community by recruiting
faculty that historically have not worked in this sector.

In Quebec, the growing interest in the industry has supported
the creation of a Leadership Chair in Edible Insect Production
and Processing (CLEIC) at the Department of Animal Science
of Université Laval, an opportunity to create a new professor
per researcher position. First, of its kind in NA, this partner-
ship with the industry and other stakeholders aims to: 1) create
an R&D center of excellence (optimization of production tech-
niques, recovery of municipal organic waste, valorization of
livestock waste, the definition of economic & territorial models,
diversification of edible species production); 2) develop struc-
turing activities at the provincial (creation of an edible insect
industry concertation table in Quebec), national (creation of a
pan-Canadian research network of insects as food and feed), and
international levels (adapting the IPIFF good practice guide to
the NA industry, organizing the conference Insects to Feed the
World 2020 and 2022) and, 3) improve education and training
opportunities (integration of modules in ongoing courses at the
agriculture and food faculty; creation of a new course on edible
insects from farm to table; summer course, advanced courses
for agricultural workers, training courses for young people).
The Pan-Canadian Research Network in the field of insects as
food and feed aims to: 1) improve communication and collab-
oration between the different research and training institutions;
2) plan, organize, and administer projects for the advancement
of scientific knowledge; 3) strengthen per optimize innovation
support for businesses by promoting collaborative projects; 4)
build, promote, and exchange training content at different levels
of education and, 5) accelerate the training of highly qualified
personnel. Taken together, these efforts should assist the emer-
gence and long-term maintenance of the edible insect produc-
tion sector in Canada in democratizing knowledge and avoiding
its loss during an unfortunate closure of industrial leaders.

Perspectives and Challenges for Future
Development

With so much said, where does the industry go? The answer
to such a question can be viewed as intimidating; however, the
consensus of those involved with the preparation of this pub-
lication would lean more towards optimism due to the diverse
opportunities currently known. The more pertinent question
would be, how does an industry in its infancy develop an organ-
ized global plan that leads to a universal language permitting
generated data to be adopted globally, regardless of national
variance in regulatory guidelines? Developing clear pipelines
allowing for data to be organized and made available is key for
any company attempting to become established or to expand

and diversify. However, presently, data are typically avail-
able via scientific literature that is either open access or not.
Basically, a large portion of the information needed to develop
propositions for regulatory bodies to consider is not accessible.
Furthermore, the lack of standard experiment design protocols
inhibits the production of uniform data collection and analysis.
However, communication is a two-way street. While industry,
along with research, attempts to generate the necessary ma-
terials for regulatory expansion, navigating the administrative
channels within government agencies can be challenging, par-
ticularly for a new sector requiring new and specific guidelines.
Simple questions, such as whom you contact or how you con-
tact them, remain a “black box” that is constantly evolving.
A potential solution would be expanding regulatory bodies to
include panel members from the insects as food and feed sector.
By doing so, such an individual can engage in research (e.g.,
CEIF and CLEIC) or commodity groups (e.g., NACIA, IPIFF,
AETIQ, and TFIC) as a means for relaying “real time” and ac-
curate information to the industry.

Of course, developing the necessary data for regulatory ex-
pansion is predetermined by identifying areas of research that
need to be addressed. Presently, the industry is experiencing
convergent evolutionary processes and appears to be mirroring
the path followed by other industries, such as poultry, aqua-
culture, and other domestic livestock. Streamlining genetics
for predictable output could allow for less variance in terms of
production but also identifying key research topics that when
addressed, benefit the global industry. Similarly, diversifying
research to include disciplines, such as but not limited to,
engineering, could lead to efficient practices that minimize the
environmental impact.

Over the past decade, a range of NA jurisdictions has devel-
oped policies to more effectively manage organic waste (OW).
For example, California and Quebec have developed policies to
eliminate landfilling of organic residues and reduce resulting
methane emissions. These programs promote bioconversion
via composting or anaerobic digestion (AD) to produce com-
post or methane as a source of renewable natural gas. Both
approaches require significant infrastructure investments, par-
ticularly for AD facilities, and consume significant OW quan-
tities. These downcycling bioprocesses represent a significant
threat to the potential supply of OW for the insect sector.
Although complex, more contemporary and complementary
approaches for OW collection per sorting are required to align
emerging bioprocesses and maximize potential OW value.

Conclusion

The edible insect sector in Canada and in the United States is
developing quickly but requires significant work to reach a ma-
ture industry state. This maturity will be characterized by high
production volume for the three main insect species, consistent
insect ingredients and well-documented markets. To reach this
state, strong collaborations between industrial associations,
research centers and academic organisations are required.
This could allow generating of meaningful data that would be

22 Animal Frontiers

€20z 1snbny zz uo Jesn (ale|Q-sjuiod sndwe)) Jeiddeld-puewly uonnmisul-SYNI Aq 80¥2#22/9L/v/S L /ao1ue/se/wod dnoolwapede//:sdiy woly papeojumo(


https://doi.org/10.1016/j.tplants.2022.01.007
https://doi.org/10.1038/s41598-022-11336-z
https://doi.org/10.3920/jiff2019.0004
https://inspection.canada.ca/plant-health/fertilizers/fertilizer-or-supplement-registration/fertilizers-and-supplements/eng/1330932243713/1330933201778
https://inspection.canada.ca/plant-health/fertilizers/fertilizer-or-supplement-registration/fertilizers-and-supplements/eng/1330932243713/1330933201778
https://inspection.canada.ca/plant-health/fertilizers/fertilizer-or-supplement-registration/fertilizers-and-supplements/eng/1330932243713/1330933201778
https://inspection.canada.ca/plant-health/fertilizers/fertilizer-or-supplement-registration/fertilizers-and-supplements/eng/1330932243713/1330933201778
https://www.canada.ca/en/health-canada/services/food-nutrition/genetically-modified-foods-other-novel-foods/requesting-novelty-determination/list-non-novel-determinations.html
https://www.canada.ca/en/health-canada/services/food-nutrition/genetically-modified-foods-other-novel-foods/requesting-novelty-determination/list-non-novel-determinations.html
https://www.canada.ca/en/health-canada/services/food-nutrition/genetically-modified-foods-other-novel-foods/requesting-novelty-determination/list-non-novel-determinations.html
https://www.canada.ca/en/health-canada/services/food-nutrition/genetically-modified-foods-other-novel-foods/requesting-novelty-determination.html
https://www.canada.ca/en/health-canada/services/food-nutrition/genetically-modified-foods-other-novel-foods/requesting-novelty-determination.html
https://www.canada.ca/en/health-canada/services/food-nutrition/genetically-modified-foods-other-novel-foods/requesting-novelty-determination.html
https://doi.org/10.3920/JIFF2022.0012

used to support government organizations in adapting appro-
priate policies. In addition, there is a continued requirement
for research and development, including increasing access to
organic waste materials (depackaging strategy, standardized
bioconversion approaches for each insect species). A more
integrated communication and collaboration strategy within
the sector will increase access to data, reduce the chances of
repeating the same mistakes by sharing experiences and in-
crease the industry growth rate while encouraging less common
market expansion strategies such as value chain specialisation.
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