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Abstract
The future of the global food system is increasingly uncertain due to rapid population growth, climate change and the rising demand for nutritious food. Conventional farming practices place significant pressure on natural resources and ecosystem services, highlighting the need for sustainable alternatives. In this context, edible insects offer a promising solution because of their low environmental impact, efficient feed conversion, rapid reproduction and high nutritional value. Insects are the most diverse group of arthropods, with over one million identified species, many of which are traditionally consumed by humans in a practice known as entomophagy. Edible insects such as beetles, caterpillars, bees, ants, grasshoppers, termites and cockroaches are commonly consumed in countries including China, India, Mexico, several African nations and parts of Europe. In India, entomophagy is particularly prevalent in the northeastern states, where indigenous communities regularly consume termites, honey bees, grasshoppers, aquatic insects, stink bugs and silkworms. Insects are prepared using traditional methods such as frying, boiling and smoking, as well as modern processing techniques like drying and high-pressure processing. Compared to conventional livestock, insect farming requires less land, water and energy, making it a sustainable option that can support rural livelihoods and enhance food security.
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INTRODUCTION
Increasing population at an alarming rate requires approximately double the current food production in the world (Belluco et al., 2013). Several projections have suggested that the world population will reach over 9 billion by 2050 (Park and Yun, 2018). Food production has a substantial environmental impact and any food system applied has to ensure that the food is secure for the people to achieve environmentally sustainable food, which is one of the biggest global challenges. The climate change including global warming and the environmental destruction from industrial development negatively affect the productivity of various food crops (Van Huis and Oonincx, 2017).
In the light of worsening food shortage, several foods have been proposed as alternatives, with insects receiving the most attention (Patel, 2019). Apart from many other roles in the environment, the aspect of several insects being used for human consumption by different communities of the world holds special significance for countering global food crisis. Consumption of insects, i.e., entomophagy has recently attracted global attention because of their rich nutritional and health components as well as environmental and economic benefits (Lange and Nakamura, 2021). Insects are the most diverse and abundant forms of life and constitute a primary component of the total faunal biodiversity on Earth. They play vital roles in an ecosystem that includes soil turning and aeration, dung burial, pest control, pollination, and wildlife nutrition (Bernard and Womeni, 2017).
Globally, entomophagy has rich cultural and nutritional importance (Van Huis, 2015). However, societal norms and periods of food security have resulted in Western countries perceiving insect consumption only as a cultural novelty (Svanberg and Berggren, 2021). That is all changing because sustainability concerns have prompted a recent shift to embrace entomophagy practices (Imathiu, 2020). The Food and Agriculture Organization has been actively recognizing edible insects since 2003 when they outlined goals to research and raise awareness of the importance of insects as a vital food and feed source.
A wide range of edible insect species, with their high contents in protein, fat, minerals, vitamins and fiber, can play a significant role in addressing food security. Extensive research has shown that insects can be a valuable and innovative source of nutrition. Not only are they a wealthy source of protein and essential nutrients, but they also offer significant sustainability advantages over traditional agriculture and livestock farming practices.
INSECT FARMING: Approaches and Application
Farming insects is rearing and breeding of insects as livestock and harvesting them for human consumption or as feed for livestock. Heavy and indiscriminate application of agricultural pesticides to protect various crop plants decrease the insect population along with the beneficial organisms such as pollinator, predator and parasitoid, etc. in the crop fields (Serrao et al., 2022). So, the idea of insect farming has come up. Another reason for insect farming is pesticide accumulation in insects like crickets and grasshoppers from agricultural fields.
Agricultural pesticides are chemical substances that are sprayed on crops to protect them from the attack of insects and pests. When these pesticides come in contact with plants, they not only kill the harmful insects but also has lethal and sublethal effects on the beneficial insects. Pesticides can influence various physiological parameters of insects, including the innate immune system, development and reproduction, through a combination of direct effects on specific exposed tissues. As reported by Van Huis and Oonincx (2017), insect farming has the following advantages viz. require less land and water, low start up capital, low maintenance cost, transform low value organic by-products into high quality human food or animal feed, lower emission of green house gases, provide livelihood opportunities and support sustainable agricultural systems, etc.


COMMONLY CONSUMED INSECTS
The commonly consumed insects as mentioned by Orkusz (2021) are given below in table 1.
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	Order
	Species
	Percentage consumed by human

	Coleoptera
	Beetles
	33

	Lepidoptera
	Caterpillars
	18

	Hymenoptera
	Bees, wasps, ants
	15

	Orthoptera
	Grasshoppers, locusts, crickets
	13

	Hemiptera
	Cicadas, leafhoppers, planthoppers, scale insects and true bugs
	11

	Blattodea
	Termites, cockroaches
	3

	Odonata
	Dragonflies
	3

	Diptera
	Flies
	2

	Others
	-
	2
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Consumption of insects is not a new concept but an ancient practice inherited from the ancestors and still practiced in this new world. However, evolving food habits and human intervention on insect habitats has resulted in declining insect population. More than 300 insect species are consumed by different communities in India with Coleoptera being the most preferred order (Chakravorty et al., 2011). Nowadays, consumption of edible insects is decreasing in some areas due to changes in lifestyle and the less availability of insects.
In India, entomophagy is practiced by different ethnic communities in Assam, Arunachal Pradesh, Chhattisgarh, Karnataka, Kerala, Manipur, Madhya Pradesh, Meghalaya, Nagaland, Orissa, Sikkim, Tamil Nadu and Tripura. Among these, the ethnic community of Assam, Arunachal Pradesh, Nagaland and Manipur consume the highest.
Northeast India comprises a diverse ethnic group of more than 220 communities with unique cultures and is known for its biodiversity hot spot. Along with a diverse community and culture, the North East Indians have distinct food habits from other regions of the country. The ethnic people of Arunachal Pradesh, Assam, Manipur and Nagaland consume more varieties of edible insects than the people of Tripura, Meghalaya and Mizoram. Chakravorty (2014) reported a total of 294 edible insects, i.e., 158 from Arunachal Pradesh, 41 each from Manipur and Nagaland, 38 from Assam, 16 from Meghalaya. Similarly, Thangjam et al. (2020) reviewed around 200 edible insects, of which 92 species are from Nagaland, 69 species from Manipur, 67 species from Assam, 65 species from Arunachal Pradesh and only some from Meghalaya, Mizoram and Tripura.
In Rayagada district of Odisha, eggs of red ants along with the worms found in date palm are consumed by local people. Additionally, the ethnic communities of Koraput, Kandhamal, Keonjhar, Sundergarh and Mayurbhanj districts of Odisha consume roasted red ants and termites as snacks or with rice. They also consume ants which are fried with salt, chillies, spices and mustard oil. Kai chutney which is prepared from red ants (Oecopylla smaragdina) in the Mayurbhanj district of Odisha, has been sought for GI tag (Geethanjali et al., 2023).
In Chhattisgarh, red ant chutney is popular among the Gond tribals (Sharma and Banu, 2019). From Madhya Pradesh, Bhowate and Kumar (2020) recorded 10 insect species namely, Oecophylla smaragdina, Polistes carolina, Apis dorsata, Apis indica, Sceliphron spp., Bombyx mori, Mylabris pustulata, Microterm esobesi, Hieroglyphus banian and Pachliopta aristolochiae of different families as food of the tribals of Satpura Plateau. Additionally, since 1946 the silk federation has been producing canned silkworm pupae, which are used for preparing pickle and as a topping of pizza (Sharma and Banu, 2019).
The different ethnic people of Kothagiri, Anamalai Hills, Bodi Hills, Theni district, Kodaikanal, Sathyamangalam forest and Gudalur hills from Tamil Nadu practice entomophagy, where adult macrotermites species, i.e., eggs and larvae of Oecophylla smaragdina, larvae of Apis spp. and eggs and larvae of other Hymenoptera species are traditionally consumed by cooking (Devi et al., 2024). Oecophylla smaragdina and Hymenoptera species are used to prepare soup, locally called rasam and thuvaiyal (Samuel et al., 2016).
NUTRITIONAL COMPOSITION OF EDIBLE INSECTS
Edible insects, in general, are incredibly rich in nutrients. All these are important sources of protein, which consist of essential amino acids ranging between 8–81% of protein (Tejas et al., 2020). The protein content of legumes, dairy products and other meats like chicken, pork, eggs, beef or lamb is comparable to or less than that of edible insects (Gahukar, 2016). Among the edible insects, grasshoppers, crickets and locusts belonging to Orthoptera are abundant and alternative sources of protein. Edible insects offer optimum levels of essential amino acids, including methionine, cysteine, lysine and threonine (Chakravorty et al., 2016). Fat content also varies, ranging from 7 to 77 g/100 g dry weight depending upon the species and metamorphic stages, as the larva and pupa have a high fat content as compared with the adult stage. Termites, caterpillars, and palm weevil larvae have the highest fat contents (Kolobe et al., 2023). Edible insects contain polyunsaturated fatty acids (PUFA) including linoleic and linolenic acids (Ochiai and Komiya, 2021). Grasshopper (Chondacris rosea) and Cricket (Brachytrupes orientalis) are common species of Arunachal Pradesh which contained saturated fatty acid (SFA), monounsaturated (MUFA) and Polyunsaturated (PUFA) (Chakravorty et al., 2014). Besides proteins and fats, edible insects contain various minerals such as iron, zinc, potassium, sodium, calcium, phosphorus, magnesium, manganese and copper, as well as calories, contributing between 290 and 750 kcal/100 g. The nutritional values of some commonly consumed insects are mentioned by Suthar et al. (2020) in table 2.
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Species
(Order)
	
Botanical name
	
Protein (g)
	
Fat
(g)
	
Minerals (g)
	
Energy
(Kcal)

	Caterpillar (Lepidoptera)
	Papilio
	15-60
	7-77
	3-8
	323-450

	Beetles (Coleoptera)
	Rhynchophorus
	21-54
	18-52
	1-7
	138-447

	Cricket (Orthoptera)
	Gryllus
	8-25
	34
	2-17
	120-323

	Bees (Hymenoptera)
	Apis
	1-81
	4-62
	0-6
	416-655

	Cockroach (Blattodea)
	Periplaneta americana
	20-23
	6-8
	1-2
	200-220

	Spider (Arachnida)
	Araneae
	63
	9-10
	0.5-1
	320-390



[bookmark: _Hlk218882320]The nutritional composition of some commonly available aquatic edible insects of Assam, India was studied by Sarmah et al., 2022. The five selected species were Diplonychus rusticus, Cybister sp., Lethocerus indicus, Laccotrephes sp. and Ranatra sp. The proximate composition as well as macro and micro elements of these five edible aquatic insect species are given in table 3, 4 and 5, respectively.
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	Insect species
	Moisture (g)
	Carbohydrate (g)
	Crude protein (g)
	Crude fat
(g)
	Crude fibre (g)
	Ash content (g)
	Energy (Kcal)

	Diplonychus rusticus
	9.06
	3.18
	57.67
	27.87
	2.48
	4.74
	2088

	Cybister sp.
	4.71
	3.68
	51.42
	28.95
	12.68
	3.25
	2118

	Lethocerus indicus
	3.38
	2.92
	50.03
	26.63
	11.66
	2.39
	1986

	Laccotrephes sp.
	9.19
	2.74
	54.75
	8.90
	10.94
	3.71
	1389

	Ranatra sp.
	7.07
	3.52
	56.56
	8.67
	9.67
	3.72
	1413
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	Insect species
	Sodium (mg)
	Phosphorus
(mg)
	Potassium
(mg)
	Calcium
(mg)
	Magnesium
(mg)

	Diplonychus rusticus
	28.62
	147.16
	27.78
	40.13
	45.20

	Cybister sp.
	22.49
	153.32
	34.60
	32.09
	38.40

	Lethocerus indicus
	26.22
	120.42
	23.86
	48.30
	38.40

	Laccotrephes sp.
	20.94
	76.34
	23.86
	56.15
	43.20

	Ranatra sp.
	19.74
	114.52
	22.00
	32.15
	33.60



Table 5. Composition of micro elements of five aquatic insect species (mg/100g)
	Insect species
	Iron
(mg)
	Zinc
(mg)
	Manganese
(mg)
	Copper
(mg)

	Diplonychus rusticus
	99.02
	7.22
	4.22
	2.50

	Cybister sp.
	25.30
	4.98
	3.70
	2.78

	Lethocerus indicus
	49.90
	6.58
	1.98
	2.22

	Laccotrephes sp.
	90.40
	5.76
	2.22
	3.80

	Ranatra sp.
	112.10
	6.20
	2.62
	4.20



[bookmark: _Hlk218882357]Results revealed that almost all the five aquatic insect species studied had a high nutritive value and were high in crude protein, other nutrients and energy as well as significant amounts of macro and micro elements were also found. The overall nutritional profiling of the studied species revealed their enormous potential as human food and apart from the nutritional benefits offered by edible insects, the functional properties and potential applications as texturizing food ingredients and ingredients in protein-rich meat replacement products. Many edible insects are harvested in the wild, but further research is needed to ensure more consistent supplies through the development of economically viable methods of mass rearing and marketing edible species.
PROCESSING OF EDIBLE INSECTS
Generally two methods for processing of edible insects are used. These are
(i) traditional cooking method and (ii) industrial processing technologies
(i) Traditional cooking method
Insects have become an increasing dietary ingredient in many countries, including Mexico, China, Thailand, and India (Jongema, 2017). In these countries, traditional cooking methods are usually employed before consumption. Cooking, especially frying, can change insects’ sensory quality through the formation of aromatic compounds, and the transformation of color and texture during cooking. Moreover, cooking can also inactivate pathogenic microorganisms and enzymes, improve the hygienic quality and extend the shelf life. The traditional cooking methods mainly involve toasting, boiling, frying, steaming, and smoking (Rumpold et al., 2014). The first step of insect processing is to remove the intestines, wings, legs, and heads depending on the insect species, then cleaned, and separated from foreign objects and unpalatable parts (Mutungi et al., 2019). Then the insects are processed according to local eating habits. Liang et al. (2024) suggested the traditional cooking methods of certain commonly consumed edible insects (Table 6).
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	Insect
	Stage
	Source
	Cooking method

	Ants
(Carebara spp.)
	Eggs
	Wild
	Raw or fried

	
	Queen
	Wild
	Gasters removed, eaten raw or fried with salt

	Termites
	Adult
	Wild
	Boiled, roasted, fried, steamed and smoked

	Bees
	Larvae
	Wild
	Raw or fried

	Bombyx mori
	Larvae
	Wild
	Boiling

	Cockroach
	Adult
	Wild
	Fried or mixed with porridge of vegetables or fruits




(ii) Industrial processing technologies
Traditional processing methods may no longer be able to meet the market demands for edible insects (Van Thielen et al., 2019). Under such circumstances, it is necessary to evaluate the technologies used in the production process. The production process usually starts with the harvest of insects and ends with the product. Some waste materials generated during the process may be recycled and used as by-products. Pre-treatment should be the first step to process the insect, including blanching and freezing methods. Drying using solar, freeze or fluidized bed method, is another practical processing technology used in industrial processing. Furthermore, some emerging technologies, such as cold atmospheric pressure plasma (CAPP) and high-pressure hydrostatic technology (HPP), have also been used recently to improve product quality and production efficiency (Huis and Tomberlin, 2016). Liang et al. (2024) suggested application of emerging technologies in industrial production of various edible insect species (Table 7).
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	Insect
	Method
	Main finding

	
Pre-treatment

	Tenebrio molitor Linnaeus (mealworm larvae)
	Blanching
	Increase in water content but no significant changes in composition of macronutrients

	Macrotermes spp. (smoked termites)
	Blanching
	Reduction in total viable count with boiling; No yeast or mold observed.

	
Drying

	Brown grasshopper, green grasshopper, termite
	Solar drying
	The effect on protein digestibility of termite was not obvious

	Housefly larvae meal (HFLM)
	Oven drying, sun drying
	Oven drying reduced fat content and increased protein content; After sun drying, insects had less protein and more fat

	
Other methods

	

Tenebrio molitor

	Cold atmospheric pressure plasma (CAPP)

	
CAPP treatment reduced the initial microbial load; CAPP treatment also caused a pH reduction on surfaces; CAPP can cause changes in the protein structure.


	

Black soldier fly larvae

	High hydrostatic pressure (HHP)

	
Protein solubility at 200 MPa was the highest; Protein solubility tended to decrease as the hydrostatic pressure exceeded 200 MPa.
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Insect farming can provide rural employment and income generation, either at the small household level or in larger scale industrial operations. Edible insects marketing are extending globally with more than 100 companies (Devi et al., 2024). Some of the prominent company’s names alongwith their marketable products are mentioned below.
i. EnviroFlight- EnviroFlight produces all-natural, locally sourced black soldier fly larvae (BSFL) feed ingredients for animal feed, pet food and plants that are grown and processed in the USA.
ii. Exo protein- Exo protein produces protein bars and powder using Acheta domesticus, house cricket, insect powder.
iii. Thailand Unique- Thailand Unique offers one of South east Asia's largest selection of edible insects and bug-related products for the retail and wholesale markets.
iv. Entomo Farms- Entomo Farms is a global leader in the cultivation of cricket flour, cricket powder and insect protein.
v. Kreca ento food company- Kreca ento food company produces premium insects and insect protein powders for human consumption.
For human consumption insects are marketed in local vendor. Depending upon the species, the rate of the insect is also varied. Some insects are harvested for self consumption only. India contributes around 8% of the Asia–Pacific edible insect protein market which is increasing rapidly due to the awareness of protein health benefits among the consumers. In Manipur insects like tree hopper, cicada, grasshopper, wasp, ants, termites etc. are collected for self consumption, and insects like wood borer larvae, nymph of dragonflies, water beetles, bees, wasps, stink bugs, weevils etc. are sold in market. However, in Nagaland almost all of the edible insects are sold in market and generally in other states the most common marketed insects are silk worm larvae and stink bugs.


EDIBLE INSECT FARM TECH STARTUPS IN INDIA AS OF SEPTEMBER 17, 2024
i. Loopworm: It is a Bengaluru based company founded in the year 2019. It sources farmed insects for use in products such as animal feed ingredients, animal pet supplements, plant biostimulants, cosmetics, nutraceuticals, and food, as well as lab grade or bio-pharma products.
ii. Honeyday farms: This is also a Bengaluru based company founded in the year 2016. It offers honey that is unprocessed directly coming from the beekeepers and harvested from beehive boxes. It offers coriander honey, natural raw honey, Sidr honey, clover honey, and sunflower honey.
iii. GoBuzzR: It is a Chennai based startup founded in the year 2019. It provides beehive monitoring system. It offers GoBuzzR, an IoT-enabled sensor system integrated with bioacoustics technology to collect hive data including weight, temperature, humidity, etc.
iv. Ultranutri: It is a provider of sustainable and scalable proteins. They develop proteins for the nutrition and health of animals and humans. They are offering three products insect protein for aqua or animal health and nutrition, Nature-inspired high-value protein, and biosynthetic production of insulinotropic molecules.
v. Ento proteins: It is a provider of insect-based nutritional supplement for livestock.
FOOD SAFETY AND FOOD SECURITY ASPECTS OF EDIBLE INSECTS
i. Pesticide contamination: Indiscriminate use of chemical pesticides in agricultural fields to protect the crops from insect infestation would lead to the accumulation of hazardous chemicals on insects such as grasshoppers, crickets, giant water bugs, water beetles, etc. and consumption of such contaminated insects is dangerous for human health (Belluco et al., 2013).
ii. Dead insect collection: Insects also produce several noxious substances that could keep them safe from predators. Prolonged consumption of such insects will cause accumulation of the noxious substance on the human body, which ultimately compromises the human health. However, most of these noxious substances lose their property when exposed to heat while cooking (Belluco et al., 2013).
iii. Noxious substances: Insects also produce several noxious substances that could keep them safe from predators. Prolonged consumption of such insects will cause accumulation of the noxious substance on the human body, which ultimately compromises the human health. However, most of these noxious substances lose their property when exposed to heat while cooking (Belluco et al., 2013).
iv. Allergy: Insects especially belonging to crustacean such as lobster, shrimp, crayfish, etc. are known to induce allergic reaction to certain individual. Invertebrate’s tropomyosin is a heat-stable IgE-binding allergen in shrimp and cross reactivity study revealed its allergenicity among the other crustaceans, cockroaches, and house dust mites are considered major allergen in crustacean insects (Ayuso, 2011). Apart from tropomyosin, other insect allergen includes arginine kinase, α-amylase, glyceraldehyde 3-phosphate dehydrogenase etc. (Hall and Liceaga, 2021).
CHALLENGES OF ENTOMOPHAGY IN INDIA
In a country like India where communities with diverse religions and customs coexist together, the practice of entomophagy is not widely accepted. The social stigma among the people has always restricted the popularity of edible insect’s consumption. There is a tendency of linking the practice of entomophagy with people living under the poverty line, which is irrelevant and completely opposite because the cost of those edible insects is high as compared to other normal food. Another problem of popularizing entomophagy is its limited availability in nature. Many of the edible insects are wild and are mostly found in forest areas. No medium to large-scale insect farms have been established in India. Therefore, the only source of the edible insects is from their natural habitat. Harvesting insects from forests is also not freely accessible because of several legislations. There is also concern about the imbalance that can happen to the forest ecosystem due to the overexploitation of forest insects. Moreover, there is no well-defined regulatory framework for edible insects and its use in India. This has prevented the entrepreneurs to scale up their production to an industrial scale and expanding the business in global market. Any research development related to entomophagy depends on the traditional knowledge’s of how particular insects are consumed along with its major purpose. India has no limited resources with regard to indigenous traditional knowledge, however, the lack of interest and investment from the government in research is the major hurdle to developing mass production technologies.
CONCLUSION
Edible insects significantly contribute to lowering food shortages and nutrient deficiencies throughout the world, particularly in Asia, Africa, and Latin America. Among the Asian countries like India, consumption of insects is more common in the north-eastern regions than the central, northern, and southern regions of India. Zero hunger, good health and wellbeing, ethical consumption and responsible production are all made possible by the nutritional profile of insects in combination with more effective use of natural resources and a smaller environmental footprint. Further, insect farming could represent a promising way to supply alternative food sources to the increasing Indian population with high demands for edible insects. From the economic point of view, it seems to be a promising market but it requires acceptance by the public, funding for large scale industry setup, new processes and ideas for proper management of insect farming, processing, regulation and market on a trade scale.
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