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Abstract

The growing environmental impact of livestock farming has emphasised the need for more sustainable diets with
lower meat consumption, identifying insects as a potential alternative protein source. The Sustainable Insect Chain
(SUSINCHAIN) project aimed to incorporate six new insect protein products into regular dinner meals, aiming
to replace 20% of meat protein through a six-week dietary intervention in Denmark and Portugal, namely a
randomised controlled study targeting families with children and young and childless couples respectively. This
paper presents the process undertaken by project partners to develop the specifications and establish the quality
criteria for the six study products. Quality criteria focused on the immediate appeal and sensory properties of edible
insects as food ingredients, particularly taste, texture, and appearance to promote acceptability. Initial sensory
evaluations of product prototypes provided essential feedback for improvement. The development of insect-based
food products, including those mimicking traditional meat products, highlighted the significance of sensory quality
and consumer perception in product acceptance. Non-meat mimicking items had high sensory appeal, but were
not perceived as meat replacements, typically being later added as side dishes or supplements by intervention
participants. Balancing insect protein content with sensory appeal presented challenges, highlighting the need to
consider portion sizes and presentation. Overall, animal meat protein replacement in dinner meals using insect-
based foods requires an integrated approach that combines innovative product development, ongoing quality
assessments, and a deep understanding of consumer preferences, crucial for market acceptance and adoption.
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1 Introduction

Negative effects of livestock rearing, like emissions from
deforestation, enteric fermentation, and manure, have
drawn attention to the dire need for more sustainable
diets (FAO, 2020; IPCC, 2023). Notably, meat is the
most burdensome food regarding greenhouse gas emis-
sions, making it the primary focus for protein replace-
ment initiatives in an effort for a more sustainable
dietary transition. The EAT-Lancet Commission (Wil-
lett et al, 2019) highlighted the benefits of reduced
meat consumption in diets. Such diets, when balanced
with appropriate fruit, vegetable, and caloric intake, can
halve diet-related greenhouse gas emissions and caloric
intake, and reduce premature mortality by 20% (FAO
and WHO, 2019). Addressing meat reduction requires
sustainable protein alternatives that meet the needs of
the human diet.

While the use of insects in food products has received
substantial attention in the past decade, its introduc-
tion to the European market has largely been for snack
foods (chips, bars, candy) rather than foods incorporat-
ing into main meals which is traditionally when meat is
consumed in larger quantities. Edible insects should be
made available to consumers to substitute meat in main
meals. To establish the consumption of edible insects
as a viable alternative to meat among European con-
sumers on the course of adoption of more environmen-
tally sustainable diets, edible insect foods need to transi-
tion from being mere niche snack products to becoming
de facto main meal components (Kinyuru and Ndung'u,
2024; Maya et al., 2024). Consumers have diverse moti-
vations and approaches to changing their diets, so cater-
ing to consumers characterized as early adopters is
important to establish a market for novel food products
(Ho et al., 2022). Early adopters of novel food products
have been identified to be motivated by initial curiosity,
sustainability, health, and variety in diet, while moving
from sporadic tasting to regular repeated consumption
is influenced by factors like availability, price, taste, and
how the products fits into the dietary patterns (House,
2016). Providing insect-based foods that meet the expec-
tations of early adopters in terms of taste and dietary fit
is a crucial first step for integrating insect-based foods
into regular diets.

SUSINCHAIN was a collaborative project among
European institutions and enterprises that aimed to
overcome technical and market barriers to enable sus-
tainable large-scale production and consumption of
insect proteins in Europe (Veldkamp et al., 2022, 2024).
Part of the SUSINCHAIN project was dedicated to devel-
oping experimental dinner products that would enable
consumers to integrate insect protein into their regu-
lar diets and thereby have the potential to replace meat
in more sustainable dietary patterns for European con-
sumers. The experimental products were subsequently
tested by families through a six-week intervention with
the purpose of assessing their actual intake and how
they contributed to replace meat in main meals and
thereby decrease total meat consumption. Families in
Denmark and Portugal were invited to participate in
a six-week intervention by consenting to receive the
experimental insect-based products suited for replac-
ing meat in three dinner meals per week. In Denmark,
the intervention focused on families with young chil-
dren aged 8 to 10 (Maya et al, 2022) and in Portugal,
the intervention focused on young couples without chil-
dren (Costa et al., 2024). Results from the interventions
in Denmark and Portugal on the intakes of insect prod-
ucts, replacement of meat and consumers perceptions
of the products are available from Roos et al. (2023),
Maya et al. (2024), and de Almeida Costa et al. (2024).

The insect-based dinner products were developed
in the context of a premature commercial market for
insect products in Europe. Therefore, it was necessary
to develop and produce experimental insect products
within the project to be able to conduct the planned
consumer interventions. The initial step of the product
development process was to define which quality cri-
teria the insect-based dinner products should meet to
ensure that products were not promptly rejected due to
poor quality and, most importantly, that they were rele-
vant and acceptable alternatives to meat, thereby allow-
ing the assessment of the uptake of insect-based dinner
meals in ordinary diets in its place. Detailing this pro-
cess showcases both the challenges and opportunities
involved in translating novel food concepts into viable
solutions within the context of sustainable protein alter-
natives.

This paper describes the process of establishing the
quality criteria for the insect-based dinner products
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tested, designed to be relevant for consumer introduc-
tion within a food basket of six experimental insect-
based products suited to serve as alternatives to meat
as a primary protein source in ordinary family dinner
meals.

2 Methods

Workshop for defining product quality criteria

The quality criteria to be met by the insect-based dinner
products were defined as an internal reference among
the SUSINCHAIN partners, in order to set a shared stan-
dard for the final specifications of the six experimental
food products. These had to jointly represent the menu
for a diverse food basket for three weekly family dinners
over a six-week intervention period. The internal ref-
erence for quality standards was formulated through a
combination of industry experience with specific prod-
ucts and edible insects, published studies, and sensory
feedback throughout the product development process.
The quality criteria were ultimately established follow-
ing a three-day workshop (January 22-24, 2020) hosted
by chef and food innovator Roberto Flore (Skylab, Tech-
nical University of Denmark (DTU), Kongens Lyngby,
Denmark). The full workshop program combined the
presentation of product prototypes, with hands-on work
on creating dishes and recipes with prototypes in DTU
food innovation kitchen, followed by tastings, inspira-
tional talks by invited experts, and group sessions to
compile the quality criteria to be met for the final prod-
ucts. The full workshop program is included as Supple-
mentary Table S1.

The task of developing the insect-based products was
divided among six project partners, each responsible
for the independent development and production of
one experimental product. Food developers were iden-
tified during the early phases of implementation of the
SUSINCHAIN project and represented private compa-
nies as well as academic institutions. Private compa-
nies were New Generation Nutrition (NGN), from the
Netherlands, Bugging Denmark, and LEITAT Technolog-
ical Center, from Spain. Academic institutions were the
Universita Politecnica delle Marche (UNIVPM), Italy, KU
Leuven (KUL), Belgium and the DTU, Denmark. The
workshop also included project partners responsible for
sensory evaluation (SenseTest, Portugal) and the imple-
mentation of the family interventions in Denmark (Uni-
versity of Copenhagen) and Portugal (SenseTest and
Universidade Catolica Portuguesa, Portugal), as well as
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for food safety (Wageningen University and Research,
The Netherlands).

Assessing insect food prototypes and establishing
criteria for final products

Prior to the workshop, each of the six food developers
produced a prototype of the insect product to be tested.
These prototypes were taken as baseline for product
development and for defining the quality criteria to be
met by the final products. The only requirements set for
them were that they contained edible insects as ingredi-
ent and were suitable for inclusion in a main meal (i.e.,
not being a snack product like protein bars or sweets).
Prototypes were shipped to DTU, where they were eval-
uated by ten trained sensory panellists. The panellists
were not familiar with edible insect food but were
informed that the products contained edible insects as
an ingredient. The sensory evaluation described the sen-
sorial qualities of the prototypes in four dimensions:
Appearance, smell, taste and texture. The results of the
panel evaluation were presented at the workshop to par-
ticipants by the responsible scientist at the sensory lab
and the sensory panel representative. Table 1 lists the
prototypes assessed and provides examples of the neg-
ative descriptive characteristics noted by the sensory
panel, which subsequently guided product reformula-
tion by project partners.

Reformulation of prototype products

The workshop was the offset of a process of reformula-
tion of the product prototypes in order to reach the final
products presented to consumers in the family inter-
ventions. The level of reformulation undertaken varied
between the products.

Initial sensory evaluation

Products reformulated following their initial assessment
at the workshop were shipped to SenseTest (Porto, Por-
tugal) for sensory profiling by consumer panels, to sup-
port the food developers in reaching acceptable sensory
quality. Details on the various tests are can be found
in Barbosa et al. (2025), Costa et al. (2024), Rocha et
al. (2025) and SUSINCHAIN (2023a). Decisions regard-
ing quality improvements were made in consultation
with the responsible project partners leading the fam-
ily intervention.

At SenseTest, several consumer studies were con-
ducted to support food developers to reformulate their
prototypes and meet the criteria set for sensory quality:

Mealworm mince (KUL): Overall liking and open
comments from 100 consumers about a minced meat
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TABLE 1 Six edible insect food prototypes and examples of the negative comments made about them by a trained sensory panel

Prototype Appearance Flavour Texture

Falafel made with cricket (Acheta Looks like dried Reheated meat, Massive, crumble
domesticus) figs ‘Stable’ when you bite

Bolognese made with cricket Too blended Sourish, umami Pieces stick to teeth
(Acheta domesticus)

Mealworm (Tenebrio molitor)/pork Looks reheated Mild, bacon chips No sense of skin, dry

sausage

Mince made with lesser mealworm
(Alphitobius diaperinus)

Bread bun made with cricket
(Acheta domesticus)

Mince made with mealworm

dry bread

(Tenebrio molitor)

Does not look like
meat, white dots
Black spots, like

Incohesive, looks
cooked, not fried

‘Stable’ (cow), Crumble as bread,
bitter, like straw
Dry bread, ‘Stable,

chicken liver

not cohesive
Crumbly

analogue prepared from yellow mealworms (7. molitor)
added to a tomato/vegetable sauce.

Sausage (LEITAT): Overall liking and open com-
ments about boiled vs. grilled sausages, with or without
bratwurst sauce, containing lesser mealworm (A. dia-
perinus)/cricket (A. domesticus) both by samples of 60
consumers.

Crispbread (UNIVPM): Overall liking and Check-All-
That-Apply (CATA) (Ares et al., 2010) of seven formula-
tions of a flatbread with cricket (A. domesticus) or yellow
mealworm (T. molitor) flour and herbs by 50 and 100
consumers, respectively.

Falafel (NGN): Overall liking and open comments
about a formulation of frozen, ready to eat falafel con-
taining lesser mealworm (Alphitobius diaperinus) by 100
consumers.

Chili-tomato paste (BD): Overall liking and open
comments about two formulations of a cricket (A.
domesticus) and tomato umami paste, presented either
as a topping on cooked pasta or as a spread on bread or
toast, by 100 consumers.

Spice mix (DTU): Overall liking and open comments
about a cricket (A. domesticus) spicy flour mix intended
for the preparation of dhal, an Indian style dish, by 100
consumers.

The crispbread, spice mix and falafel products recei-
ved additional feedback for improvement based on sen-
sory evaluations conducted during school classroom
interventions in Denmark (Maya et al., 2023).

Taco mix, Have to chew, like
nutmeg, not quinoa
meat-like

3 Results and discussion

The internal quality criteria for the final insect-based
dinner products are presented in the following sections.
Products meeting the criteria were scheduled to be pro-
duced in batches sufficient for the distribution to fam-
ilies participating in the forthcoming intervention in
Denmark and Portugal (Figure 1).

Criterion 1. Insect protein content

The products should incorporate enough insect protein
to provide the amount necessary to replace meat as a
main protein source in a dinner. The SUSINCHAIN fam-
ily interventions set as target the replacement of 20%
meat protein with insect protein, on a weekly basis.

The insect protein content in a dinner serving was
defined based on available data for typical meat con-
sumption in Denmark and Portugal, using national
dietary survey data. Calculations for Denmark were
based on data from the latest national dietary survey
(Pedersen et al., 2015). The mean consumption of red
meat was 134 g per adult a day. Accordingly, the average
weekly meat consumption amounted to 938 g, or187.6 g
of animal protein. The weekly meat protein intake was
divided by 14 meals (weekly lunch and dinner) and
equal to 13.4 g of meat protein per meal. Calculations
for Portugal were based on data from a national dietary
survey in 2015-2016 (Lopes et al., 2017). Average meat
consumption was 104.4 g per adult per day, which equals
to weekly consumption of 730.8 g or 146.2 g of meat pro-
tein. Accordingly, the average intake in lunch and dinner
meals was set to 10.4 g of meat protein per meal.

To achieve the target of 20% replacement of meat
protein on a weekly basis, the products should fully
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SUSINCHA’N

FIGURE 1  Selected six edible insect foods tested in the consumer interventions in Denmark and Portugal. The crispbread (bottom left)
was kept under refrigeration prior to delivery; all others were stored frozen.

replace meat protein in three dinner meals per week.
The insect products should be developed in order to
incorporate the amount of insect protein correspond-
ing to the estimated amounts of meat protein in aver-
age dinner meals in a dinner serving, as above out-
lined.

Justification: Insects as meat replacement in dinner
meals

The 20% target was considered sufficient to explore
whether the introduction of insect-based foods in ordi-
nary diets could contribute to a substantial reduction
in meat intake, and thereby contribute to reduce the
climate impacts of the total diet. The intervention was
designed under the assumption that the majority of
meat protein is typically consumed during main meals
(i.e., lunch and dinner).

The amounts of insect to be incorporated in a din-
ner serving to obtain the targeted insect protein intake
would depend on the protein content of the insects
used, which varied by species and processing. Published
values for protein for house crickets (Acheta domesti-
cus) ranged from 55-71% dry matter (DM) (Rumpold
and Schliiter, 2013), for mealworms (Tenebrio molitor)
47-49% DM, and 58-65% DM in lesser mealworms
(Alphitobius diaperinus) (Rumbos et al., 2019). These val-
ues are generally based on crude protein, being deter-
mined by nitrogen converted to protein by the stan-
dard factor 6.25. In SUSINCHAIN, protein content was
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estimated by food developers based on the composi-
tion of products, and insect ingredient supplier infor-
mation. Moreover, samples were analytically tested for
protein content using a 6.25 nitrogen conversion factor
in a certified laboratory. The food developers estimated
the amount of insect needed to provide the targeted
amount of insect protein, and then designed the prod-
uct to incorporate this amount into a serving suited for
a dinner serving.

Criterion 2: Sensory quality

Considering the sensory profiles of edible insects as
ingredients in foods, quality criteria were set to ensure
the development of acceptable intervention products
for the participating families. The products were requi-
red to have immediate appeal and taste, texture, and
appearance should be acceptable in the context of the
suggested serving in a dinner meal.

Justification: Importance of sensory properties
Sensory properties vary widely across edible insect
species; moreover, their method of incorporation into
foods and processing can greatly impact acceptability
(Borges et al., 2022). The process of developing SUSIN-
CHAIN's final products also highlighted the importance
of the choice of insect species and of minification, both
influencing taste and texture.

Cunha and Ribeiro (2019) discussed the importance
of the sensory characteristics of edible insects in foods,



while Ribeiro et al. (2024) presented a thorough charac-
terisation of the sensory properties of edible insects and
of the foods containing them, showing that there is still
a long way to guarantee higher consumer acceptance
and liking. Some of the negative characteristics iden-
tified are dry, mealy, grainy texture, unpleasant flavour
and odour, existence of off-flavours and prolonged after-
taste (Ribeiro et al., 2024). Processes such as the defat-
ting of freeze-dried crickets and the microwave-drying
or defatting mealworms can have a positive impact,
improving liking scores and acceptability by masking
negative odours and flavours (Ribeiro et al., 2019, 2022b,
2024). Meanwhile, the addition of edible insects as pow-
ders can also alter the moisture, flavours, colour and
texture of enriched breads, which will then require fur-
ther development to become acceptable to consumers
(Gonzélez et al., 2019).

Taste
Crickets have been used to fortify staple foods such
as bread products, rice, tortillas and protein powders
(Barton et al., 2020; Bawa et al., 2020; Homann et al.,
2017; Luna et al., 2021; Osimani et al., 2018; Tao et al.,
2017). Lesser mealworms have been used in wheat bread
(Kowalski et al., 2022a), commercially-available protein
bars and crispbreads (Erhard et al., 2023) and explored
as a potential ingredient for meat analogues, like burg-
ers (Kornher et al.,, 2019). Mealworms have been used
to fortify pates and crisps (Wendin et al., 2021) and as an
ingredient in breads (Kowalski et al., 2022a,b). Roncolini
et al. (2019) describes that mealworm is characterised
by a sweet, nutty flavour and nutty, cocoa smell and
have higher acceptability in breads than cricket powder.
Other studies that explored the effects of adding meal-
worm to frankfurters and chips found acceptability at
lower levels of inclusion (Choi et al., 2017; Petrescu-Mag
et al., 2022). Thus, balancing the flavour of insects with
the protein requirements is of utmost importance.
Insect foods are usually associated with salty or
savoury flavours (Detilleux et al., 2021), which fits with
the aim to use in dinner meals. Savoury, or umami, is
seen as more appropriate, preferred, and expected to
taste better than sweet insect food products, likely due
to a preconception of insects as a meat substitute (Tan
et al., 2015, 2016, 2017). However, using dried powdered
insects can result in an overpowering umami flavour
due to the extensive surface area of the insects com-
ing in contact with the mouth (SUSINCHAIN, 2023b).
The products should have an optimized particle size to
reduce overpowering umami, lessening the intensity of
the flavour and creating a more balanced food. This opti-
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mization could be achieved by adjusting minification
processes to control particle size distribution. Further
research can identify specific particle size ranges that
improve taste.

Texture

It is crucial that the texture and mouthfeel of foods are
appealing to the consumer. Aversive textures and sensa-
tions can trigger food disgust (Martins and Pliner, 2006)
and result in the immediate rejection of foods prod-
ucts. Insect ingredients can change the textural prop-
erties of meat-like products (Borges et al., 2022; Starow-
icz et al., 2022), like hardness, chewiness and integrity,
with this being particularly relevant to the mince and
sausage intervention products. In bakery products, such
as the crispbread intervention product, the inclusion
of insect flours can increase nutritional value, but may
result in reduced springiness, chewiness, and cohesive-
ness due to the absence of gluten (Borges et al., 2022;
Cabuk, 2021). Additionally, the acceptance of insect-
based foods increases with finer particle size through
the minification (i.e., grinding or mincing) of insects
(Wendin and Nyberg, 2021), as large particle size can
lead to a higher perception of coarseness (Wendin et al.,
2019).

The product development processes undertaken by
SUSINCHAIN partners highlighted the importance of
the choice of insect species and minification, which
influenced both taste and texture. A significant chal-
lenge in creating the mealworm mince used in the
intervention was adjusting the level of reduction of the
exoskeleton fragments to minimize negative impacts
on mouthfeel. This was addressed by implementing an
optimal grinding procedure to render these fragments
imperceptible (SUSINCHAIN, 2023b).

Appearance

Like texture, the appearance of insect-based foods
should match consumer expectations, drawing refer-
ence from similar, non-insect products already available
in the market.

Final edible insect foods were intended to be as simi-
lar to conventionally available foods as possible, in order
to facilitate their acceptance by intervention families.
The visual appeal of uncooked products, for those foods
requiring further cooking at home, and of prepared ones
was considered. Namely, products were not to contain
whole insects or visible insect parts; insect traces in final
products should be fully masked.

Numerous studies have shown that ‘invisible’ insects
promote food acceptability (Dagevos and Taufik, 2023;
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Naranjo-Guevara et al, 2021; Tan et al.,, 2016). This is
line with the results of SUSINCHAIN’s products sen-
sory evaluations showing that traces of unprocessed
insects were perceived as unfamiliar. The preference
for edible insects to be invisibly, or ‘stealthily’ incorpo-
rated into familiar products like burger patties, breads,
and pastas over whole, unprocessed insects is recom-
mended as a promising strategy to increase acceptabil-
ity (Dagevos, 2021; Dagevos and Taufik, 2023; Kusch and
Fiebelkorn, 2019; Ribeiro et al., 2022a; van Huis et al.,
2021). This strategy should be implemented in com-
pliance with food labelling regulations to ensure that
consumers are adequately informed and provided with
transparent information about product contents.

Criterion 3. Presentation, packaging and labelling

The insect products were either ready-to-eat or semi-
ready products that required some, but minimal, prepa-
ration prior to consumption. Intervention participants
were provided with instructions for heating them, when
applicable, as well as with recipes for preparation and
serving, in the form of a recipe book designed for each
intervention location (Denmark or Portugal). Recipes
books offered different preparation and serving options
for each of the six edible insect foods tested, in order
to inspire participants to vary their dinner meals over
the six weeks of intervention. Equivalent recipes were
provided to the control group receiving the plant-based
foods.

A standard label template was used for the edible
insect foods. Product names and language were adjusted
for the Danish and Portuguese interventions. Labelling
included the ingredients list, basic nutritional infor-
mation, allergen information, and storage instructions.
Plant-based products were sourced from commercially
available offers, with their packaging being altered to
cover their brand name.

Justification: The influence of packaging on new foods

Packaging of the edible insect foods prioritized qual-
ity preservation, practicality in use and product com-
munication. The insect-based foods tested were man-
ufactured and packaged in batches according to the
portion sizes required for the interventions. The pack-
aging design and product presentation was not devel-
oped for commercial products, which instead were sup-
plemented with the appropriate portion sizes, storage
instructions and relevant nutritional information. The
interventions did not investigate the impact of the pack-
aging on product perception. Future studies on edi-
ble insect foods should assess the influence of pack-
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TABLE 2 Microbial standards applied to the developed edible
insect food products
Parameter Set limit
Escherichia coli <50 cfu/g
Bacillus cereus <5000 cfu/g
Presence of Salmonella spp. Not detected
Yeasts and moulds <5000 cfu/g
Listeria monocytogenes <100 cfu/g
Staphylococcus aureus <100 cfu/g
Aerobic Plate Count 30 °C <1000 000 cfu/g

aging and labelling on a positive eating experience, by
highlighting positive sensory characteristics of the food,
using enticing product images and providing prepara-
tion instructions and meal recipes that enhance palata-
bility (SUSINCHAIN, 2023c).

Criterion 4. Food safety

To ensure that test foods were safe for consumption,
the final products were produced following the lat-
est general safety standards for food, General Food
Law Regulation (EC) No 178/2002, and hygiene regula-
tions, Regulation (EC) No 853/2004. Producers followed
guidelines for Hazard Analysis and Critical Control
Points (HACCP). Products were tested for microbiolog-
ical safety prior to distribution and routinely through-
out storage. Table 2 describes the microbial standards,
which were based on existing industry guidelines for
similar food products, set by the project team and
applied. Each study site was responsible for monitoring
the food safety of their distributed products by ensuring
timely microbial testing and addressing any issues with
spoilage. Any products that exceeded the set limits were
discarded.

Perspectives: The final six edible insect food products
The six products presented in Table 3 were selected
following iterative reformulation and sensory testing,
based on their ability to meet the internal quality cri-
teria described earlier in the manuscript. These crite-
ria included sufficient insect protein content to con-
tribute to the target meat replacement, acceptable sen-
sory quality (taste, texture, and appearance), and suit-
ability for incorporation into familiar dinner meals.
Each edible insect dinner product represented a distinct
approach using a variety of insect species and product
formats to reflect realistic consumer options.
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In Denmark, portion sizes were set to include 13.4 g of insect protein for adults and 9.7 g for children, respectively. The servings for Denmark are given for adults/children, respectively. In Portugal,
portion sizes for adults were set to include 10.4 g of insect protein.
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Development insights: Insect protein content and
consumer acceptance

The target for insect protein content in the final prod-
ucts was set to achieve a 20% reduction in the meat
intake, based on dietary data from Denmark and Por-
tugal (Maya et al.,, 2022). Achieving this target posed
some challenges to food product developers, as incor-
porating the required quantities of insects sometimes
negatively impacted the appearance, taste, or texture of
the products. During development, reformulation was
required to balance nutritional goals with consumer-
acceptable portion sizes. This highlighted the impor-
tance of designing insect-based products that fit within
culturally relevant meals while still contributing mean-
ingfully to protein intake.

Given that edible insect foods are new to European
consumers, maintaining their high sensory quality is
crucial for market acceptance. Rigorous testing with
trained sensory and consumer panels is recommended.
Developers relied on structured sensory evaluations to
guide formulation, and products were prepared along-
side practical guidance for meal preparation.

Development insights: Types of insect-based products
for meat replacement

Food developers could pursue two distinct approaches
for the development of the edible insect products: either
mimic traditional meat products, such as the sausages
and mealworm mince, or develop original products
for new types of dinner meals, like the chili-tomato
paste and spice mix. These latter products were not
intended to mimic meat directly but aimed to con-
tribute umami sensory appeal and complement famil-
iar dishes. Understanding how product format influ-
ences perceived role in the meal was a key consideration
during development. Even when non-meat mimicking
products achieve high sensory quality, they may not
be perceived as a central protein component like tra-
ditional meat or its direct substitutes. Therefore, when
developing edible insect foods, it is important to con-
sider not only their sensory quality and their ability to
mimic meat, but also their positioning and the role they
are likely to play in a meal. These factors are critical
to ensuring that insect-based foods can support dietary
change and promote more sustainable eating practices.

Development insights: Instructing and supporting the
consumers

Insect-based foods are novel and unfamiliar to most
European consumers. As part of product readiness,
developers prioritized consumer guidance. Preparation
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instructions and culturally relevant meal recipes were
included alongside the products to support their inte-
gration into regular family dinner meals.

4 Conclusion

Edible insect foods to incorporate in dinner meals are
novel to food innovators and consumers. This study
presented the approach of establishing internal stan-
dards for prototypes, to be met before final products
are exposed to consumers. The quality criteria speci-
fied the nutritional composition, namely the amount
of edible insect protein required to consider a product
relevant as a meat replacement in dinner meals, the lev-
els of acceptable sensory quality for taste, texture, and
appearance, and the food safety standards to be met.
Meeting the required amounts of insects in dinner serv-
ings challenged the food innovators to adjust and refor-
mulate products. It became evident that the integration
of insect-based intervention foods into European diets
requires a multifaceted approach. It requires not just
innovative product development and thorough sensory
optimisation but also continuing quality assessments,
attention to consumer habits, and an understanding
of what consumers consider meat replacements. These
approaches are crucial for promoting the acceptance
and adoption of insect-based food products as an inte-
grated part of future more sustainable diets in Europe.

Supplementary materials

Data is available on https://doi.org/10.1163/23524588
-bjal0276 under Supplementary Materials.

Conflict of interest

The authors declare no conflict of interest.

Ethical statement

The family interventions for which the products descri-
bed were used were approved by the Danish National
Committee on Health Research Ethics (H-21070172) and
by the Ethics Committee of Universidade Catélica Por-
tuguesa (ref. CETCH2022-18), and were registered on
ClinicalTrials.gov (registration number NCT05156853)
and on the International Standard Randomised Con-

C. MAYA ET AL.

trolled Trial Number registry (registration number
ISRCTN53814211).

Funding

This project has received funding from the European
Horizon 2020
programme under grant agreement No. 861976. CM
is funded by European Union’s Horizon 2020 research
and innovation program under the Marie Sktodowska-
Curie grant agreement No. 801199 (TALENT, 2020-
2023). LMC acknowledges support from Fundagdo
para a Ciéncia e a Tecnologia through the strategic
programs UIDB/05748/2020 and UIDP/05748/2020
(GreenUPorto).

Union’s research and innovation

References

Ares, G., Barreiro, C., Deliza, R., Giménez, A. and Gadmbaro, A.,
2010. Application of a check-all-that-apply question to the
development of chocolate milk desserts. Journal of Sen-
sory Studies 25: 67-86. https://doi.org/10.1111/j.1745-459X
.2010.00290.x

Barbosa, B., Rocha, C., Ribeiro, J.C., Lima, R.C., Costa, A.LA.,
Monteiro, M.J.P., Maya, C., Roos, N. and Cunha, LM,
2025. Evaluation of innovative insect-based products
by Portuguese consumers using a repeated exposure
approach under a controlled setting. Journal of Insects as
Food and Feed 11:105-115. https://doi.org/10.1163/23524588
-00001236

Barton, A., Richardson, C.D. and McSweeney, M.B., 2020.
Consumer attitudes toward entomophagy before and after
evaluating cricket (Acheta domesticus)-based protein pow-
ders. Journal of Food Science 85: 781-788. https://doi.org/10
1111/1750-3841.15043

Bawa, M., Songsermpong, S., Kaewtapee, C. and Chanput, W.,
2020. Nutritional, sensory, and texture quality of bread and
cookie enriched with house cricket (Acheta domesticus)
powder. Journal of Food Processing and Preservation 44:
€l4601. https://doi.org/10.1111/jfpp.14601

Borges, M.M.,, da Costa, D.V,, Trombete, F.M. and Camara,
AXKFI, 2022. Edible insects as a sustainable alterna-
tive to food products: an insight into quality aspects of
reformulated bakery and meat products. Current Opinion
in Food Science 46: 100864. https://doi.org/10.1016/j.cofs
.2022.100864

Gabuk, B., 2021 Influence of grasshopper (Locusta migra-
toria) and mealworm (Tenebrio molitor) powders on the
quality characteristics of protein rich muffins: nutritional,

JOURNAL OF INSECTS AS FOOD AND FEED 0 (2025) 1-13


https://doi.org/10.1163/23524588-bja10276
https://doi.org/10.1163/23524588-bja10276
https://doi.org/10.1111/j.1745-459X.2010.00290.x
https://doi.org/10.1111/j.1745-459X.2010.00290.x
https://doi.org/10.1163/23524588-00001236
https://doi.org/10.1163/23524588-00001236
https://doi.org/10.1111/1750-3841.15043
https://doi.org/10.1111/1750-3841.15043
https://doi.org/10.1111/jfpp.14601
https://doi.org/10.1016/j.cofs.2022.100864
https://doi.org/10.1016/j.cofs.2022.100864

INSECT-BASED DINNER PRODUCTS FOR MEAT SUBSTITUTION IN ORDINARY DIETS 11

physicochemical, textural and sensory aspects. Journal of

Food Measurement and Characterization 15: 3862-3872.
https://doi.org/10.1007/s11694-021-00967-x

Choi, Y.-S., Kim, T.-K., Choi, H.-D., Park, J.-D., Sung, J.-M., Jeon,
K.-H., Paik, H.-D. and Kim, Y.-B,, 2017. Optimization of
replacing pork meat with yellow worm (Tenebrio molitor
L.) for frankfurters. Food Science of Animal Resources 37:
617-625. https://doi.org/10.5851/kosfa.2017.37.5.617

Costa, A.l. de A., Monteiro, M.J.P,, Rocha, C., Lima, R.C. and
Cunha, L.M., 2024. ChangeEat! — Household dinners with
alternative proteins to reduce red and processed meat con-
sumption in young adult couples. International Standard
Randomised Controlled Trial Number (ISRCTN) 53814211
https://doi.org/10.1186/ISRCTN53814211

Costa, A.LA., Monteiro, M.J.P,, Maya, C., Rocha, C., Faria, B.F,
Lima, R.C,, Cunha, L.M. and Roos, N., 2024. Consumer sen-
sory profiling and liking of Bolognese-type sauces: how do
insect and plant foods really fare against red meat? Journal
of Insects as Food and Feed 11: 117-148. https://doi.org/10
.1163/23524588-00001221

Cunha, L.M. and Ribeiro, J.C., 2019. Sensory and Consumer
Perspectives on Edible Insects. In: Sogari, G., Mora, C.
and Menozzi, D. (eds.) Edible Insects in the food sector:
methods, current applications and perspectives. Springer,
Cham, pp. 57-71. https://doi.org/10.1007/978-3-030-22522
-35

Dagevos, H., 2021. A literature review of consumer research on
edible insects: recent evidence and new vistas from 2019
studies. Journal of Insects as Food and Feed 7: 249-259.
https://doi.org/10.3920/]JIFF2020.0052

Dagevos, H. and Taufik, D., 2023. Eating full circle: Explor-
ing consumers’ sympathy for circularity in entomophagy
acceptance. Food Quality and Preference 105: 104760.
https://doi.org/10.1016/j.foodqual.2022.104760

Detilleux, L., Wittock, G., Dogot, T., Francis, F. and Caparros
Megido, R., 2021. Edible insects, what about the percep-
tions of Belgian youngsters? British Food Journal 123:1985-
2002. https://doi.org/10.1108/BFJ-08-2020-0754

Erhard, A.L., Aguas Silva, M., Damsbo-Svendsen, M., Menade-
va Karpantschof, B.-E., Serensen, H. and Bom Frest, M.,
2023. Acceptance of insect foods among Danish children:
effects of information provision, food neophobia, disgust
sensitivity, and species on willingness to try. Food Qual-
ity and Preference 104: 104713. https://doi.org/10.1016/]
.foodqual.2022.104713

FAO, 2020. Emissions due to agriculture. Global, regional and
country trends 2000-2018. Rome.

FAO and WHO, 2019. Sustainable healthy diets: guiding prin-
ciples. FAO and WHO, Rome.

Gonzélez, CM., Garzén, R. and Rosell, C.M., 2019. Insects
as ingredients for bakery goods. A comparison study of

JOURNAL OF INSECTS AS FOOD AND FEED 0 (2025) 1-13

H. illucens, A. domestica and T. molitor flours. Innova-
tive Food Science and Emerging Technologies 51: 205-210.
https://doi.org/10.1016 /j.ifset.2018.03.021

Ho, L, Gere, A., Chy, C. and Lammert, A., 2022. Use of Prefer-
ence analysis to identify early adopter mind-sets of insect-
based food products. Sustainability 14: 1435. https://doi.org
/10.3390/su14031435

Homann, A.M., Ayieko, M.A., Konyole, S.0. and Roos, N., 2017.
Acceptability of biscuits containing 10% cricket (Acheta
domesticus) compared to milk biscuits among 5-10-year-
old Kenyan schoolchildren. Journal of Insects as Food and
Feed 3: 95-103. https://doi.org/10.3920/]JIFF2016.0054

House, J., 2016. Consumer acceptance of insect-based foods in
the Netherlands: Academic and commercial implications.
Appetite 107: 47-58. https://doi.org/10.1016/j.appet.2016.07
.023

IPCC, 2023. Climate Change 2023 Synthesis Report. Available
online at https://www.ipcc.ch/report/ar6/syr/

Kinyuru, J. and Ndung'u, N., 2024. Insect cuisine: transition-
ing from a novel snack to a dinner staple. Journal of
Insects as Food and Feed 10: 1077-1079. https://doi.org/10
.1163/23524588-100701ED

Kornher, L., Schellhorn, M. and Vetter, S., 2019. Disgust-
ing or innovative-consumer willingness to pay for insect
based burger patties in Germany. Sustainability 11: 1878.
https://doi.org/10.3390/sul1071878

Kowalski, S., Mikulec, A., Mickowska, B., Skotnicka, M. and
Mazurek, A., 2022a. Wheat bread supplementation with
various edible insect flours. Influence of chemical compo-
sition on nutritional and technological aspects. LWT 159:
113220. https://doi.org/10.1016/j.lwt.2022.113220

Kowalski, S., Mikulec, A. Skotnicka, M., Mickowska, B.,
Makarewicz, M., Sabat, R, Wywrocka-Gurgul, A. and
Mazurek, A., 2022b. Effect of the addition of edible insect
flour from yellow mealworm (Tenebrio molitor) on the
sensory acceptance, and the physicochemical and textu-
ral properties of sponge cake. Polish Journal of Food and
Nutrition Sciences 72: 393-405. https://doi.org/10.31883
/pjfns /155405

Kusch, S. and Fiebelkorn, F., 2019. Environmental impact
judgments of meat, vegetarian, and insect burgers: unify-
ing the negative footprint illusion and quantity insensitiv-
ity. Food Quality and Preference 78: 103731 https://doi.org
/10.1016/j.foodqual.2019.103731

Lopes, C., Torres, D., Oliveira, A., Severo, M., Guiomar, S.,
Alarcdo, V., Vilela, S., Ramos, E., Rodrigues, S., Oliveira, L.,
Nicola, P., Mota, J., Teixeira, P. and Soares, S., 2017. National
Food, Nutrition and Physical Activity Survey of the Por-
tuguese general population. EFSA Supporting Publications
37. https://doi.org/10.2903/sp.efsa.2017.EN-1341


https://doi.org/10.1007/s11694-021-00967-x
https://doi.org/10.5851/kosfa.2017.37.5.617
https://doi.org/10.1186/ISRCTN53814211
https://doi.org/10.1163/23524588-00001221
https://doi.org/10.1163/23524588-00001221
https://doi.org/10.1007/978-3-030-22522-3_5
https://doi.org/10.1007/978-3-030-22522-3_5
https://doi.org/10.3920/JIFF2020.0052
https://doi.org/10.1016/j.foodqual.2022.104760
https://doi.org/10.1108/BFJ-08-2020-0754
https://doi.org/10.1016/j.foodqual.2022.104713
https://doi.org/10.1016/j.foodqual.2022.104713
https://doi.org/10.1016/j.ifset.2018.03.021
https://doi.org/10.3390/su14031435
https://doi.org/10.3390/su14031435
https://doi.org/10.3920/JIFF2016.0054
https://doi.org/10.1016/j.appet.2016.07.023
https://doi.org/10.1016/j.appet.2016.07.023
https://www.ipcc.ch/report/ar6/syr/
https://doi.org/10.1163/23524588-100701ED
https://doi.org/10.1163/23524588-100701ED
https://doi.org/10.3390/su11071878
https://doi.org/10.1016/j.lwt.2022.113220
https://doi.org/10.31883/pjfns/155405
https://doi.org/10.31883/pjfns/155405
https://doi.org/10.1016/j.foodqual.2019.103731
https://doi.org/10.1016/j.foodqual.2019.103731
https://doi.org/10.2903/sp.efsa.2017.EN-1341

12

Luna, G.C., Martin-Gonzalez, F.S., Mauer, L]J. and Liceaga,
AM.,, 2021. Cricket (Acheta domesticus) protein hydrolysa-
tes’ impact on the physicochemical, structural and sen-
sory properties of tortillas and tortilla chips. Journal of
Insects as Food and Feed 7: 109-120. https://doi.org/10
.3920/J1FF2020.0010

Martins, Y. and Pliner, P., 2006. “Ugh! That’s disgusting!”: Iden-
tification of the characteristics of foods underlying rejec-
tions based on disgust. Appetite 46: 75-85. https://doi.org
/10.1016/j.appet.2005.09.001

Maya, C., 2024. The potential of edible insects as meat
replacements in the daily Danish diet. Dissertation, De-
partment of Nutrition, Exercise and Sports, Faculty of Sci-
ence, University of Copenhagen, Copenhagen.

Maya, C., Cunha, LM., de Almeida Costa, A.IL, Veldkamp, T.
and Roos, N., 2022. Introducing insect- or plant-based din-
ner meals to families in Denmark: study protocol for a
randomized intervention trial. Trials 23: 1028. https://doi
.org/10.1186/s13063-022-07000-6

Maya, C., Sterling, K., Rukov, J.L. and Roos, N., 2023. Perception
of edible insects and insect-based foods among children in
Denmark: educational and tasting interventions in online
and in-person classrooms. Journal of Insects as Food and
Feed 9: 989-1001. https://doi.org/10.3920/]IFF2022.0176

Maya, C., Wilderspin, D.E., Costa, A.LA., Cunha, L.M. and
Roos, N., 2024. Introducing menus of three weekly insect-
or plant-based dinner meals slightly reduced meat con-
sumption in Danish families: Results of a randomized
intervention study. Appetite 203: 107689. https://doi.org
/10.1016/j.appet.2024.107689

Naranjo-Guevara, N., Fanter, M., Conconi, AM. and Floto-
Stammen, S., 2021. Consumer acceptance among Dutch
and German students of insects in feed and food. Food Sci-
ence and Nutrition 9: 414-428. https://doi.org/10.1002/fsn3
.2006

Osimani, A., Milanovi¢, V,, Cardinali, F., Roncolini, A., Garo-
falo, C., Clementi, F., Pasquini, M., Mozzon, M., Foligni,
R., Raffaelli, N., Zamporlini, F. and Aquilanti, L., 2018.
Bread enriched with cricket powder (Acheta domesticus): A
technological, microbiological and nutritional evaluation.
Innovative Food Science and Emerging Technologies 48:
150-163. https://doi.org/10.1016 /j.ifset.2018.06.007

Pedersen, A.N., Christensen, T., Matthiessen, J., Knudsen, VK.,
Rosenlund-Serensen, M., Biltoft-Jensen, A., Hinsch, H.J.,
Ygil, KH., Kerup, K., Saxholt, E., Trolle, E., Sendergaard,
AB. and Fagt, S., 2015. Dietary Habits in Denmark 2011-
2013. Main results. Danish Technical University, Kongens
Lyngby. Available online at http://www.food.dtu.dk

Petrescu-Mag, R.M., Rastegari Kopaei, H. and Petrescu, D.C.,
2022. Consumers’ acceptance of the first novel insect food
approved in the European Union: Predictors of yellow

C. MAYA ET AL.

mealworm chips consumption. Food Science and Nutri-
tion 10: 846-862. https://doi.org/10.1002/fsn3.2716

Ribeiro, J.C., Gongalves, A.T.S., Moura, A.P.,, Varela, P. and
Cunha, LM., 2022a. Insects as food and feed in Portugal
and Norway — Cross-cultural comparison of determinants
of acceptance. Food Quality and Preference 102: 104650.
https://doi.org/10.1016/j.foodqual.2022.104650

Ribeiro, J.C., Lima, R.C., Maia, M.R.G., Almeida, A.A., Fon-
seca, AJM., Cabrita, A.RJ. and Cunha, L.M., 2019. Impact
of defatting freeze-dried edible crickets (Acheta domesti-
cus and Gryllodes sigillatus) on the nutritive value, overall
liking and sensory profile of cereal bars. LWT 113: 108335.
https://doi.org/10.1016/j.wt.2019.108335

Ribeiro, J.C., Pintado, M.E. and Cunha, L.M., 2024. Con-
sumption of edible insects and insect-based foods: A sys-
tematic review of sensory properties and evoked emo-
tional response. Comprehensive Reviews in Food Science
and Food Safety 23: 1-45. https://doi.org/10.1111/1541-4337
13247

Ribeiro, J.C., Santos, C., Lima, R.C., Pintado, M.E. and Cunha,
L.M., 2022b. Impact of defatting and drying methods on
the overall liking and sensory profile of a cereal bar incor-
porating edible insect species. Future Foods 6: 100190.
https://doi.org/10.1016 /j.fufo.2022.100190

Rocha, C., Ribeiro, J.C., Barbosa, B, Lima, R.C., Osimani,
A, Aquilanti, L., Cesaro, C., Costa, A.LA., Roos, N. and
Cunha, L.M., 2025. Improving formulation of innovative
edible insect-based crispbread containing Tenebrio molitor
or Acheta domesticus through sensory profiling and liking.
Journal of Insects as Food and Feed 11: 89-103. https://doi
.org/10.1163/23524588-00001225

Roncolini, A., Milanovié, V., Cardinali, F., Osimani, A., Garo-
falo, C., Sabbatini, R., Clementi, F., Pasquini, M., Moz-
zon, M., Foligni, R, Raffaelli, N., Zamporlini, F.,, Minaz-
zato, G., Trombetta, M.F., Buitenen, A.V,, Campenhout,
LV. and Aquilanti, L, 2019. Protein fortification with
mealworm (Tenebrio molitor L.) powder: effect on tex-
tural, microbiological, nutritional and sensory features
of bread. PLoS ONE 14: e0211747. https://doi.org/10.1371
/journal.pone.0211747

Roos, N., Maya, C., Cunha, LM.,, Costa, Al de A., Mon-
teiro, M.J.P,, Faria, B., Rocha, C., Barbosa, B. and Lima,
R.C,, 2023. Inclusion of insect-based products in regu-
lar diets. Available online at https://susinchain.eu/wp-
content/uploads/2024/04/D5.5-Inclusion-of-Insect-Based-
Products-in-Regular-Diets.pdf (accessed 23 September
2024).

Rumbos, C.I, Karapanagiotidis, I.T., Mente, E. and Athanas-
siou, C.G., 2019. The lesser mealworm Alphitobius dia-
perinus: a noxious pest or a promising nutrient source?

JOURNAL OF INSECTS AS FOOD AND FEED 0 (2025) 1-13


https://doi.org/10.3920/JIFF2020.0010
https://doi.org/10.3920/JIFF2020.0010
https://doi.org/10.1016/j.appet.2005.09.001
https://doi.org/10.1016/j.appet.2005.09.001
https://doi.org/10.1186/s13063-022-07000-6
https://doi.org/10.1186/s13063-022-07000-6
https://doi.org/10.3920/JIFF2022.0176
https://doi.org/10.1016/j.appet.2024.107689
https://doi.org/10.1016/j.appet.2024.107689
https://doi.org/10.1002/fsn3.2006
https://doi.org/10.1002/fsn3.2006
https://doi.org/10.1016/j.ifset.2018.06.007
http://www.food.dtu.dk
https://doi.org/10.1002/fsn3.2716
https://doi.org/10.1016/j.foodqual.2022.104650
https://doi.org/10.1016/j.lwt.2019.108335
https://doi.org/10.1111/1541-4337.13247
https://doi.org/10.1111/1541-4337.13247
https://doi.org/10.1016/j.fufo.2022.100190
https://doi.org/10.1163/23524588-00001225
https://doi.org/10.1163/23524588-00001225
https://doi.org/10.1371/journal.pone.0211747
https://doi.org/10.1371/journal.pone.0211747
https://susinchain.eu/wp-content/uploads/2024/04/D5.5-Inclusion-of-Insect-Based-Products-in-Regular-Diets.pdf
https://susinchain.eu/wp-content/uploads/2024/04/D5.5-Inclusion-of-Insect-Based-Products-in-Regular-Diets.pdf
https://susinchain.eu/wp-content/uploads/2024/04/D5.5-Inclusion-of-Insect-Based-Products-in-Regular-Diets.pdf

INSECT-BASED DINNER PRODUCTS FOR MEAT SUBSTITUTION IN ORDINARY DIETS 13

Reviews in Aquaculture 11: 1418-1437. https://doi.org/10.1111
/raq.12300

Rumpold, B.A. and Schliiter, O.K., 2013. Nutritional composi-
tion and safety aspects of edible insects. Molecular Nutri-
tion and Food Research 57: 802-823. https://doi.org/10
1002 /mnfr.201200735

Starowicz, M., Kubara Poznar, K. and Zieliniski, H., 2022. What
are the main sensory attributes that determine the accep-
tance of meat alternatives? Current Opinion in Food Sci-
ence 48:100924. https://doi.org/10.1016 /j.cofs.2022.100924

SUSINCHAIN, 2023a. Sensory evaluation of insect prod-
ucts. Available online at https://susinchain.eu/wp-content
/uploads/2024/04/D5.3-Sensory-evaluation-of-insect
-products.pdf.

SUSINCHAIN, 2023b. Best practice: Minification of whole
insects for use in food to safeguard optimal taste, texture
and appearance. Available online at https://susinchain.eu
/wp-content/uploads/2023/05/Best-practice-Minification
-of-insects-for-insect-based-food.pdf (accessed 1 February
2024).

SUSINCHAIN, 2023c. Inclusion of Insect-Based Products
in Regular Diets. Available at: https://susinchain.eu/wp
-content/uploads/2024/04/D5.5-Inclusion-of-Insect-Based
-Products-in-Regular-Diets.pdf. Accessed October 16, 2024.

Tan, H.S.G., Fischer, AR.H,, Tinchan, P.,, Stieger, M., Steen-
bekkers, L.P.A. and van Trijp, H.C.M., 2015. Insects as food:
Exploring cultural exposure and individual experience as
determinants of acceptance. Food Quality and Preference
42:78-89. https://doi.org/10.1016/j.foodqual.2015.01.013

Tan, H.S.G., van den Berg, E. and Stieger, M., 2016. The influ-
ence of product preparation, familiarity and individual
traits on the consumer acceptance of insects as food. Food
Quality and Preference 52: 222-231. https://doi.org/10.1016
/j.foodqual.2016.05.003

Tan, H.S.G., Verbaan, Y.T. and Stieger, M., 2017. How will bet-
ter products improve the sensory-liking and willingness to
buy insect-based foods? Food Research International 92:
95-105. https://doi.org/10.1016/j.foodres.2016.12.021

Tao, J., Davidov-Pardo, G., Burns-Whitmore, B., Cullen, E.M.
and Li, Y.0,, 2017. Effects of edible insect ingredients on
the physicochemical and sensory properties of extruded
rice products. Journal of Insects as Food and Feed 3: 263-
278. https://doi.org/10.3920/JIFF2017.0030

JOURNAL OF INSECTS AS FOOD AND FEED 0 (2025) 1-13

van Huis, A., Rumpold, B., Maya, C. and Roos, N., 202L
Nutritional qualities and enhancement of edible insects.
Annual Review of Nutrition 41: 551-576. https://doi.org/10
1146 /annurev-nutr-041520-010856

Veldkamp, T., Meijer, N., Alleweldt, F., Deruytter, D., Van Cam-
penhout, L., Gasco, L., Roos, N., Smetana, S., Fernandes,
A. and van der Fels-Klerx, HJ., 2022. Overcoming techni-
cal and market barriers to enable sustainable large-scale
production and consumption of insect proteins in Europe:
a SUSINCHAIN perspective. Insects 13. https://doi.org/10
.3390/insects13030281

Veldkamp, T., Meijer, N., Alleweldt, F., Deruytter, D., Van Der
Borght, M., Vandeweyer, D., Gasco, L., Roos, N., Smetana,
S., Fernandes, A. and van der Fels-Klerx, H.J., 2024. Sustain-
able integration of insects into European food chains. Jour-
nal of Insects as Food and Feed 11: $229-S237. https://doi
.org/10.1163/23524588-00001240

Wendin, K., Berg, ], Jonsson, K.I, Andersson, P., Birch, K.,
Davidsson, F., Gerberich, J., Rask, S. and Langton, M., 2021.
Introducing mealworm as an ingredient in crisps and patés
— sensory characterization and consumer liking. Future
Foods 4:100082. https://doi.org/10.1016/j.fufo.2021.100082

Wendin, K., Olsson, V. and Langton, M., 2019. Mealworms as
food ingredient—sensory investigation of a model system.
Foods 8: 319. https://doi.org/10.3390/foods8080319

Wendin, K.M. and Nyberg, M.E., 2021. Factors influencing con-
sumer perception and acceptability of insect-based foods.
Current Opinion in Food Science 40: 67-71. https://doi.org
/10.1016/j.cofs.2021.01.007

Willett, W, Rockstrém, J., Loken, B., Springmann, M., Lang, T.,
Vermeulen, S., Garnett, T., Tilman, D., DeClerck, F., Wood,
A., Jonell, M., Clark, M., Gordon, L.J., Fanzo, J., Hawkes, C.,
Zurayk, R., Rivera, J.A., De Vries, W,, Majele Sibanda, L.,
Afshin, A., Chaudhary, A., Herrero, M., Agustina, R., Branca,
F, Lartey, A, Fan, S., Crona, B., Fox, E., Bignet, V., Troell,
M., Lindahl, T., Singh, S., Cornell, S.E., Srinath Reddy, K.,
Narain, S., Nishtar, S. and Murray, CJ.L., 2019. Food in the
Anthropocene: the EAT-Lancet Commission on healthy
diets from sustainable food systems. The Lancet 393: 447-
492. https://doi.org/10.1016/S0140-6736(18)31788-4


https://doi.org/10.1111/raq.12300
https://doi.org/10.1111/raq.12300
https://doi.org/10.1002/mnfr.201200735
https://doi.org/10.1002/mnfr.201200735
https://doi.org/10.1016/j.cofs.2022.100924
https://susinchain.eu/wp-content/uploads/2024/04/D5.3-Sensory-evaluation-of-insect-products.pdf
https://susinchain.eu/wp-content/uploads/2024/04/D5.3-Sensory-evaluation-of-insect-products.pdf
https://susinchain.eu/wp-content/uploads/2024/04/D5.3-Sensory-evaluation-of-insect-products.pdf
https://susinchain.eu/wp-content/uploads/2023/05/Best-practice-Minification-of-insects-for-insect-based-food.pdf
https://susinchain.eu/wp-content/uploads/2023/05/Best-practice-Minification-of-insects-for-insect-based-food.pdf
https://susinchain.eu/wp-content/uploads/2023/05/Best-practice-Minification-of-insects-for-insect-based-food.pdf
https://susinchain.eu/wp-content/uploads/2024/04/D5.5-Inclusion-of-Insect-Based-Products-in-Regular-Diets.pdf
https://susinchain.eu/wp-content/uploads/2024/04/D5.5-Inclusion-of-Insect-Based-Products-in-Regular-Diets.pdf
https://susinchain.eu/wp-content/uploads/2024/04/D5.5-Inclusion-of-Insect-Based-Products-in-Regular-Diets.pdf
https://doi.org/10.1016/j.foodqual.2015.01.013
https://doi.org/10.1016/j.foodqual.2016.05.003
https://doi.org/10.1016/j.foodqual.2016.05.003
https://doi.org/10.1016/j.foodres.2016.12.021
https://doi.org/10.3920/JIFF2017.0030
https://doi.org/10.1146/annurev-nutr-041520-010856
https://doi.org/10.1146/annurev-nutr-041520-010856
https://doi.org/10.3390/insects13030281
https://doi.org/10.3390/insects13030281
https://doi.org/10.1163/23524588-00001240
https://doi.org/10.1163/23524588-00001240
https://doi.org/10.1016/j.fufo.2021.100082
https://doi.org/10.3390/foods8080319
https://doi.org/10.1016/j.cofs.2021.01.007
https://doi.org/10.1016/j.cofs.2021.01.007
https://doi.org/10.1016/S0140-6736(18)31788-4

