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Edible Insects: From Traditional Food to the Future of

Sustainable Nutrition
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Institute, Izatnagar-243122, Uttar Pradesh, India
*Corresponding Author’s email: sumantalukderivri@gmail.com

Feeding a rapidly growing global population while protecting the environment has become
one of the major challenges facing modern food systems. Increasing demand for meat,
milk and other animal-source foods is placing considerable pressure on land, water and feed
resources. Conventional livestock production remains an important source of high-quality
protein and essential nutrients, but its expansion can also contribute to greenhouse-gas
emissions, resource consumption and environmental degradation. These challenges have
encouraged scientists, food technologists and the food industry to explore alternative and
complementary sources of nutrition. Among the emerging possibilities, edible insects, or
entomophagy, have attracted increasing scientific and commercial attention. Entomophagy
refers to the consumption of insects as food by humans. Although the idea may appear
unconventional to many consumers, eating insects is not a new practice. It has been part of
traditional diets and cultural practices in several regions of Africa, Asia and Latin America
for thousands of years. Insects are consumed at different developmental stages, including
eggs, larvae, nymphs, pupae and adults, depending on the species and cultural practice. The
renewed interest in edible insects is driven not only by traditional knowledge but also by their
potentially high nutritional value, efficient feed utilization and comparatively low demand for
land and water resources.

A Global Tradition with Modern Relevance

Edible insects are consumed in many parts of the world, although their acceptance varies
considerably between cultures. Recent estimates indicate that more than 2,000 insect species
are consumed across more than 100 countries. Asia represents one of the major centres of
insect consumption and has the highest reported diversity of edible insect species. Mexico,
Thailand, India, the Democratic Republic of Congo, China, Brazil, Japan and Cameroon are
among the countries with substantial traditions of insect consumption.

Beetles, caterpillars, bees, wasps, ants, grasshoppers, locusts, crickets, cicadas,
termites and several other insects are consumed in different parts of the world. Africa, Asia
and Latin America remain the major regions associated with entomophagy. In these regions,
insects are not necessarily regarded as unusual foods; rather, they may form part of traditional
diets, seasonal food systems, cultural celebrations or local economies.

India also has a long tradition of insect consumption among several indigenous and
ethnic communities. Insect-eating practices have been documented in states including Assam,
Arunachal Pradesh, Chhattisgarh, Karnataka, Kerala, Manipur, Madhya Pradesh, Meghalaya,
Nagaland, Odisha, Sikkim, Tamil Nadu and Tripura. However, changing lifestyles,
environmental changes and declining availability of traditionally collected insects may be
contributing to a reduction in insect consumption among some communities.
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Why Are Insects Being Considered as Future Food?

The growing interest in insects is closely linked with the search for sustainable food systems.
Conventional livestock production requires considerable quantities of land, water and feed.
Insects, in comparison, can have high feed-conversion efficiency and can potentially produce
substantial quantities of edible biomass using fewer resources. One frequently cited example
is the house cricket, Acheta domesticus. Its reported feed-conversion efficiency is
approximately twice that of chickens, four times that of pigs and more than twelve times that
of cattle. Such efficiency has generated considerable interest in insect farming as a potential
component of future food systems. However, insect production should not automatically be
considered environmentally superior under every production system. Environmental
performance depends on factors such as species, feed substrate, farming system, energy
requirements, temperature control, processing and transportation. Therefore, further research
on life-cycle environmental impacts and carbon footprints is necessary before making broad
conclusions about the sustainability of large-scale insect farming.

A Nutritional Powerhouse in a Small Package

One of the strongest arguments for edible insects is their nutritional composition. Depending
on species, developmental stage, diet and processing conditions, insects can contain
approximately 20-76% protein on a dry-matter basis. Their fat content is highly variable
and has been reported to range from approximately 2—50% of dry matter. Insects can provide
essential amino acids as well as a variety of fatty acids, vitamins and minerals. Some species
contain substantial amounts of iron, zinc, magnesium, phosphorus, potassium and other
minerals. Their vitamin composition can also include B-group vitamins and vitamins A, D, E,
K and C, although the actual nutritional composition varies considerably among species and
is influenced by feed and developmental stage. It means that edible insects should not be
treated as a single nutritional category. Different insect species and developmental stages can
have very different nutritional profiles. Therefore, nutritional evaluation should always be
based on the specific insect species, production conditions and processing method being
considered.

Protein, Fat and Essential Nutrients

Insect proteins can provide all essential amino acids required for human nutrition, although
the amino-acid profile varies between species. Insects can therefore contribute to dietary
protein requirements and may have potential as ingredients in protein-rich foods. Their lipid
fraction is also nutritionally interesting. Insects contain saturated, monounsaturated and
polyunsaturated fatty acids, with the proportions varying according to species and
developmental stage. Larval stages can be particularly rich in lipids, while some mature
insects may provide significant quantities of polyunsaturated fatty acids. These characteristics
have encouraged researchers to investigate insects not only as whole foods but also as sources
of protein concentrates, protein powders, oils and bioactive compounds for use in food
and other industries.

Vitamins, Minerals and Bioactive Compounds

Edible insects can also provide important micronutrients. Iron is particularly noteworthy
because several edible insects have been reported to contain substantial amounts of iron,
sometimes exceeding the concentration found in fresh beef on a comparable basis. However,
mineral bioavailability and the influence of processing need to be considered before making
direct nutritional comparisons. In addition to conventional nutrients, insects contain a range
of bioactive compounds. Research has investigated potential antioxidant, antimicrobial, anti-
inflammatory, antihypertensive and immunomodulatory activities associated with insect-
derived compounds. These findings are scientifically promising, but they should not be
interpreted as evidence that eating insects can prevent or cure specific diseases. Much of the
research on bioactive properties remains at the laboratory or experimental level, and further
human studies are required to establish clinical significance.
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Developmental Stage Matters

The nutritional composition of an insect can change considerably during its life cycle. Insects
may be consumed as eggs, larvae, nymphs, pupae or adults, but not every developmental
stage is suitable for every species. Larvae and pupae can contain relatively high
concentrations of protein and fat, whereas adult insects may contain greater quantities of
chitin. Chitin is an important structural component of the insect exoskeleton and is relatively
difficult for humans to digest. Consequently, the nutritional and caloric value of insect-based
foods can vary substantially according to the developmental stage used. This variation
provides an opportunity for food technologists to select particular species and developmental
stages according to the desired nutritional characteristics of the final product.

From Traditional Delicacy to Modern Food Product

Consumer perception is one of the greatest factors determining whether edible insects can
become mainstream food. Food acceptance is influenced by culture, religion, social norms,
psychological factors, income and previous exposure. In countries where entomophagy is
traditional, insects may be considered normal food or even a delicacy. For example, insect-
based dishes are associated with culinary traditions in Mexico and Thailand. In Japan, insect
consumption has historically been linked to food availability in mountainous regions and has
increasingly been promoted as part of culinary heritage. Modern food innovation is now
attempting to bridge the gap between traditional insect consumption and consumers who are
unfamiliar with whole insects. Instead of presenting insects in their recognizable form, food
manufacturers can incorporate insect-derived ingredients into familiar products such as
bakery items, noodles, snacks, protein products and other processed foods. This approach,
sometimes described as making insects “invisible” to the consumer, may help reduce
psychological barriers associated with the appearance of whole insects.

Insect Protein and the Meat Industry

An especially interesting area of research is the incorporation of insect proteins into
conventional food products. Researchers have investigated insect proteins as ingredients in
bakery products, snacks and meat-based formulations. In meat science, insect-protein
incorporation has been reported to influence technological properties such as emulsion
stability, cooking loss and water-holding capacity. However, the effects on texture have not
always been consistent. Therefore, optimizing species, protein concentration, particle size,
extraction method and processing conditions will be essential before insect proteins can be
widely incorporated into meat products. This area is particularly promising because insect
proteins may not necessarily have to replace conventional animal proteins completely.
Instead, they could function as complementary protein ingredients in specially formulated
foods.

Safety Must Come Before Scale

Despite their nutritional potential, edible insects cannot automatically be considered safe
simply because they are natural foods. Food safety is one of the most important challenges
facing the emerging insect-food industry. Depending on the species and production
environment, insects may accumulate heavy metals, pesticide residues or other contaminants.
Certain insects may also contain naturally occurring toxic compounds or compounds capable
of causing allergic reactions. Microbiological safety is another important consideration,
particularly when insects are produced under uncontrolled conditions. Therefore, edible
insects intended for human consumption should be produced under controlled and hygienic
conditions, using appropriate feed substrates and scientifically validated processing methods.
Hazard identification, microbiological testing, contaminant monitoring and standardized
processing will be essential for consumer protection.

Allergies: An Important Emerging Concern
Allergic reactions deserve particular attention. Insects contain proteins that may cause
allergic responses in susceptible individuals, and cross-reactivity with allergens from other
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arthropods may also be relevant. Consequently, appropriate risk assessment, processing
controls and consumer information are necessary before insect-based foods can be widely
introduced into mainstream food markets. Labelling will be particularly important for
informing consumers about the presence of insect-derived ingredients.

Regulatory Landscape: Different Rules Around the World

Regulation is another major determinant of the future of edible insects. Regulatory
approaches differ considerably between countries. In the United States, edible insects are
regulated under the broader food-safety framework administered by the Food and Drug
Administration. Scientific evidence may be used to establish safety, including consideration
of Generally Recognized as Safe status where applicable. In the European Union, insects
intended for human consumption fall under the Novel Food regulatory framework. Producers
must provide scientific information demonstrating that the proposed food does not pose an
unacceptable risk to human health and does not mislead consumers. Several insect species
and food categories have received authorization under the EU system following scientific
safety assessment. In India, however, the regulatory situation remains an important limitation
for commercialization. The reference article notes that FSSAI has not generally permitted
insects as foods for human consumption and that Indian food standards address insects
primarily in the context of contamination or infestation of food commodities. Therefore,
regulatory clarification and scientific risk assessment would be necessary before commercial
insect foods could be developed for the Indian market.

India: Traditional Knowledge Meets Modern Food Science

India presents a particularly interesting situation because insect consumption has existed
traditionally among several communities, while mainstream urban consumers generally have
limited acceptance of insects as food. This creates an opportunity for collaboration between
traditional knowledge and modern food science. Indigenous knowledge can provide
information about edible species, seasonal availability, preparation methods and cultural
practices, while scientific research can contribute standardized production, nutritional
characterization, microbiological safety, contaminant control and product development.
Rather than immediately attempting to introduce whole insects into mainstream diets, India
could explore scientifically validated insect-derived ingredients and products, subject to
appropriate regulatory approval and safety assessment.

The Emerging Insect Food Industry

The potential of insects extends beyond direct human consumption. Insect-derived products
can potentially be utilized in human food, animal feed, pet food, fertilizers, pharmaceuticals
and cosmetics. This creates opportunities for a broader insect bioeconomy, in which different
fractions and by-products are utilized rather than discarded. The development of such an
industry would require coordinated investment in insect farming, feed systems, breeding,
processing, quality control, product formulation, packaging and regulatory science.

Major Challenges Ahead

Despite their potential, edible insects face several challenges before they can become a
mainstream component of global food systems. The first is consumer acceptance. Many
consumers associate insects with pests, contamination or unclean environments, making
psychological acceptance a major barrier. Insect farming itself also presents technical
challenges. Many species require relatively narrow environmental conditions for efficient
growth and reproduction. Temperature management, particularly in colder regions, can
increase production costs. Like other forms of animal production, insect farming can also
face disease and biosecurity risks. There are also ecological concerns. Escape of farmed
insects into natural ecosystems could potentially affect native species, particularly when non-
native or genetically modified insects are involved. Furthermore, the environmental
performance of large-scale insect farming is not yet completely understood, and additional

AGRI MACATZINE ISSN: 3048-8656 Page 193




Kailasrao et al. (2026) Agri Magazine, 03(10): 190-194 (OCT, 2026)

life-cycle assessments are required to determine its actual carbon and resource footprint under
different production systems.

The Future: Complement Rather Than Simply Replace

The future role of edible insects should perhaps not be framed simply as replacing
conventional livestock. Livestock will continue to play an important role in global food
systems because of its nutritional, economic, cultural and agricultural importance. Instead,
insects may function as a complementary source of protein and nutrients, particularly in
regions where they can be produced efficiently and culturally accepted. Insect proteins may
also become ingredients in hybrid foods, protein-rich snacks, bakery products and meat
formulations. The greatest opportunity may therefore lie in developing diversified food
systems in which conventional livestock, plant proteins, aquatic foods and insect-derived
ingredients each contribute according to their nutritional, environmental and economic
advantages.

Conclusion

Edible insects represent one of the most intriguing possibilities in the search for sustainable
food systems. Their high protein content, essential amino acids, fatty acids, vitamins and
minerals, combined with potentially efficient feed utilization and lower resource
requirements, make them worthy of continued scientific investigation. However, the future of
edible insects should be guided by science rather than hype. Nutritional benefits must be
evaluated species by species, environmental claims must be supported by life-cycle studies,
and food safety must remain the highest priority. Equally important are consumer acceptance,
transparent labelling and appropriate regulatory frameworks. For countries such as India,
where insect consumption already exists within several traditional communities, there is an
opportunity to connect indigenous knowledge with modern food technology. However,
commercialization should proceed only after adequate scientific validation and regulatory
approval. The question is therefore no longer simply whether insects can be eaten. The more
important question is whether we can develop safe, nutritious, acceptable, scientifically
validated and sustainable insect-based foods that fit into the food systems of the future. If
these challenges can be addressed through coordinated research involving food scientists,
entomologists, veterinarians, nutritionists, microbiologists, environmental scientists,
policymakers and industry, edible insects may become an important complementary
component of future sustainable food systems.
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