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Abstract  

This study looks at the potential of insects as a sustainable food and feed source in light of 

the challenges posed by an increasing global population and environmental impacts from 

conventional livestock farming. It points out that different species of insects are rich in proteins, 

essential amino acids, healthy fats, and micronutrients which makes them suitable for human 

consumption as well as animal feed. The paper also discusses environmental benefits 

associated with insect farming such as reduced land use, lower water usage, decreased 

greenhouse gas emissions, and upcycling of organic waste thus contributing to a circular 

economy within food production systems. In addition, it talks about scaling up challenges like 

consumer acceptance or regulatory frameworks around this industry. By examining these 

aspects the article hopes to shed some light on how insect farming can improve global food 

security and sustainability. Finally it aims at building a holistic understanding of what role could 

be played by bugs in transforming our dietary system while meeting nutritional needs but 

minimizing ecological footprints. 
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1. Introduction 

The challenge is how to feed the world sustainably with a growing population expected to 

reach 9.7 billion by 2050. However, traditional livestock farming has increasingly been 

criticized due to its environmental impact as well as resource utilization (Jackson et al., 2021). 

Entomophagy - eating insects, and using them to feed animals are seen as potential solutions 

in this situation. 



 

 

Insects present an interesting source of alternative proteins with various benefits over other 

alternatives. For example; insect farming according to (Huis, 2020) requires less land, water 

and feed compared to conventional livestock keeping systems thus having significantly lower 

environmental footprints. Additionally, insects can convert organic waste streams into valuable 

proteins which creates a circular economy approach towards food production (Kour et al., 

2024). They also contain a lot of proteins, essential amino acids, good fats as well 

micronutrients that are needed by both animals and humans for growth and development 

(Kour et al., 2024). 

This paper will explore different angles of insects as food and animal feeds. We shall look at 

nutritional benefits vis-à-vis environmental implications; challenges associated with scaling up 

their production; consumer acceptance plus policy frameworks among others. Finally, it seeks 

to establish how best insects could contribute towards making the global food system more 

sustainable as well secure overall food security situation worldwide in future years ahead. 

2.  Nutritional Value of Insects 

Insects have gained considerable attention as a sustainable and nutritious protein source. In 

terms of nutritional composition, they are highly diverse and can vary greatly depending on 

the species, diet, and rearing conditions (Kour et al., 2024). Nevertheless, they generally 

contain high amounts of essential nutrients which make them suitable for both human 

consumption and animal feedstuff. 



 

 

 

Sl. 
No
. 

Food Source Protein (%) Fat 
Content 

(%) 

Carbohydrat
e (%) 

Energy 
(kcal/100g) 

Key Minerals Reference 

1 Mealworm 
(Tenebrio 
molitor) 

54.41 - 64.33 22.46 -
36.01 

- - Methionine (limiting amino 
acid) 

SCAN, 2024 

2 Cricket (Acheta 
domesticus) 

44.31 - 64.90 0.61 - 
46.29 

3.43 - 12.27 2028.11 - 
2551.61 

Essential amino acids, 
highest carbohydrate content 

among studied insects 

Bbosa et al., 
2019 

3 Grasshopper 
(Ruspolia 
differens) 

28 - 45 41 -54 - 582 - 644 All essential amino acids, 
histidine exceeding daily 

requirement for adults, rich in 
minerals and vitamins, 
flavonoids (up to 484 

mg/100g) 

Bbosa et al., 
2019; Nabikolo et 

al., 2023 

4 

Bee brood 18.2-20.3 11.8-49.0 14.0-50.6 1567-2369 Na, K, Mg, Zn, Fe, Mn, Co, P 

Adeyeye & 
Olaleye, 2016 

5 

Snout beetle 18.2-20.3 11.8-49.0 14.0-50.6 1567-2369 Na, K, Mg, Zn, Fe, Mn, Co, P 

Adeyeye & 
Olaleye, 2016 

6 

Termite soldier 18.2-20.3 11.8-49.0 14.0-50.6 1567-2369 Na, K, Mg, Zn, Fe, Mn, Co, P 

Adeyeye 
&Olaleye, 2016 

7 

Silkworm larva 18.2-20.3 11.8-49.0 14.0-50.6 1567-2369 Na, K, Mg, Zn, Fe, Mn, Co, P 

Adeyeye & 
Olaleye, 2016 



 

 

8 

Silkworm pupa 18.2-20.3 11.8-49.0 14.0-50.6 1567-2369 Na, K, Mg, Zn, Fe, Mn, Co, P 

Adeyeye & 
Olaleye, 2016 

9 

Orange-fleshed 
sweet potato + 
Cricket (50:50) 36.75 - - 541.09 

Fe (4.38 mg/100g), Zn (10.65 
mg/100g), Ca (152.77 

mg/100g) 

Agbemafle et al., 
2020 

10 

Orange-fleshed 
sweet potato + 

Palm weevil 
larvae (50:50) - - - 541.09 - 

Agbemafle et al., 
2020 

11 

Chicken Egg 12.1 ± 0.73 
10.5 ± 
0.83 1 - 1.44 142.9 ± 0.47 Vitamin D, Selenium 

- 

12 
Chicken 24 8 - 10 0 239 B Vitamins 

- 

13 

Mutton 16.5 10.6 2.5 1715 Zinc, Iron 

- 

14 

Beef 24 15 0 250 Vitamin B12, Iron 

- 

15 

Borocera cajani 63.98 29.84 2.06 532.78 Zn, Cu 

Tielkes, 2020 

Table.1. Edible insects’ nutrients compare with common protein sources 



 

 

 

2.1 Macronutrient Profile  

a) A Protein Powerhouse:  

Insects can be up to four times richer in proteins than beef, chicken or soybeans. For instance, 

“The crude protein content of many species exceeds 60%.” This abundant supply from 

different sources could help solve global protein shortage due to malnutrition. An article cited 

by (Hawkey et al., 2014) says that “insect proteins are usually complete with respect to their 

amino acid composition when compared with WHO recommendations”.  

 

b) Amino Acid Advantage: 

 Not only do insects have high levels of protein but also a well-balanced profile containing all 

the nine essential amino acids required by humans for good health. This means that insect 

protein is complete like animal-based proteins. According to (Bbosa et al., 2019), “insects are 

rich sources of first-class protein (20-76 g/100 g dry matter).”  

 

c) Healthy Fats: 

 Fat content varies widely among insects. However, many species provide a healthy mix 

between saturated fats (SFAs), monounsaturated fatty acids (MUFAs) and polyunsaturated 

fatty acids (PUFAs). Some insects such as crickets have high levels omega-3s which are good 

for heart health. “Up to 70 g/100 g total fatty acids could be polyunsaturated fatty acids” (Bbosa 

et al., 2019).  

 

d) Carbohydrates and Fiber: 

 Compared to traditional cereals, insects are generally low in carbs but can contribute towards 

dietary fiber intake. Chitin found in the exoskeleton of insects acts as a dietary fibre source 

that may promote gut health.  

 

2.2 Micronutrient Content 

 Insects are rich sources for essential vitamins and minerals often surpassing those found in 

conventional foods. Establishing standardised data collection and analysis methods is crucial 

for accurately evaluating the nutritional composition of different insect species (Payne et al., 

2016). 

 

a) Vitamins:  



 

 

Numerous insects species are abundant with B vitamins especially vitamin B12 which is 

commonly lacking in vegetarian diets. They also contain other vitamins like E and riboflavin 

in varying amounts (Wakayama et al., 1984; Rumpold & Schlüter, 2013; Douglas, 2017).  

 

b) Minerals:  

Good amounts of necessary minerals such as iron, zinc, calcium and magnesium can be 

obtained from eating insects. Iron deficiency is a major global nutritional problem and 

consuming insects may provide this vital mineral in an easily absorbable form (Van Huis, 2021; 

Kour et al., 2024). (Bbosa et al., 2019) points out that “the insects studied are rich in crude 

protein and other nutrients”. 

2.3 Bioavailability and Digestibility 

a) Chitin Considerations: 

Chitin can block nutrient absorption, in spite of being a good source of fiber. For all that 

grinding and drying are possible methods for improving digestibility. This is even supported by 

the fact that “chitinase has been found in human gastric juices” which implies some digestion 

may take place.  

 

b) Digestibility Studies:  

Research is still ongoing on how well humans and animals can digest proteins from insects 

among other nutrients. Nonetheless, preliminary researches suggest that insect protein is 

easily digested by both man and livestock (Rodríguez-Rodríguez et al., 2022).  

 

3. Environmental Sustainability of Insect Farming 

Environmental Sustainability of Insect Farming Ordinary systems for keeping farm animals 

have a huge environmental impact such as deforestation, greenhouse gas emissions as well 

as water pollution. Conversely, rearing insects could be more sustainable than any other thing 

we do because it might help to save our environment while at the same time meeting our 

needs.  

3.1 Land Use and Efficiency  

a) Reduced Land Requirements:  

Comparatively speaking with conventional animal husbandry insect farming uses little space 

(Kour et al., 2024). According to Van Huis, A., & Oonincx, D. G. (2017), “Insects are very 

efficient in converting feed into body mass, with relatively little land requirements.” With the 



 

 

current global food demand coupled with the growing pressure on land resources this 

becomes a critical consideration.  

 

b) Efficient Feed Conversion Ratios:  

Compared to normal livestock insects need small amounts of feeds before they can produce 

similar quantities of proteins thus having high conversion rates (Oonincx et al., 2015). The 

authors say that supplementing fishmeal & soybean meal which are the main sources for 

livestock feed today should be done through using insects as animal feeds so as to improve 

on this. They attribute this efficiency to their being cold-blooded hence having lower metabolic 

rates (Van Huis et al, 2023). 

3.2 Water Footprint 

a) Reduced Water Consumption:  

Insect rearing generally takes in less water than other types of livestock farming, especially 

drinking and feed water. Van Huis (2019) stresses that "livestock production is a major 

contributor to global greenhouse gas emissions. The world needs more sustainable diets as 

one way of mitigating this crisis, which eliminate the need for meat or produce it from some 

other sources."  

 

b) Inhibited Water Pollution:  

Additionally, insect farming can help reduce water pollution. They generate waste materials 

that are easy to manage and use as fertilizers reducing the chances of nutrient runoff and 

water contamination.  

3.3 Greenhouse Gas Emission  

a) Lower Carbon Footprint: 

Greenhouse gas emissions from insects rearing are significantly lower compared to those 

from traditional livestock keeping. Van Huis et al (2017) says that "the environmental 

sustainability of insects as food and feed is increasingly being recognized." Their methane 

production levels are low compared to those in traditional livestock, their FCRs are efficient, 

and they use fewer energy-intense inputs.  

 

b) Mitigating Climate Change: 

Insect farming can contribute towards climate change mitigation through lowering 

anthropogenic GHG emissions thereby promoting an environmentally friendly food system 

(Rubio et al., 2019; Moruzzo et al., 2021).  



 

 

3.4 Waste Management and Circular Economy  

a) Upcycling Organic Waste: 

A wide range of organic waste streams including food waste and agricultural by-products may 

be used for insect rearing. This aspect of upcycling contributes to a more circular economy 

since it prevents landfills from receiving biodegradable wastes and converts them into useful 

protein sources. “The utilization of insects as animal feeds presents opportunities to enhance 

sustainability because they convert valueless organic wastes such as fruits, vegetables even 

manure into high-quality feed,” according to Van Huis & Gasco (2023).  

 

b) Closing the Loop:  

Integrating insect farming with circular food systems leads to a closed loop system which 

minimizes waste, optimizes resource utilization and reduces environmental impacts (Gasco et 

al., 2020; Derler et al., 2021; Kour et al., 2024). 

4. Insect Species Suitable for Food and Feed 

4.1 Frequently Eaten Species  

The consumption of insects as food, known as entomophagy, is increasingly being recognized 

worldwide as an ecologically sustainable and nutritious protein substitute. In a global survey 

of 2,100 edible insect species, Siddiqui et al. (2023) found that around 500 can be found in 

sub-Saharan Africa alone. Similarly, Magara et al., (2021) recorded the existence of over sixty 

species of crickets eaten across forty-nine countries worldwide which shows how widespread 

this practice is considered to be. However, among thousands of types available for 

consumption only few are more popular than others. 

 



 

 

        Figure. 1. World wide distribution of edible insect order and number of species 
(Image created by using Biorender and Powerpoint) (Source: Omuse et al., 2024)       
                                                                                                        
Grasshoppers and Locusts: These orthopteran insects are widely consumed across African 

and Asian countries, as well as in certain parts of America. Protein content ranges between 

55%-73% dry matter basis (Siddiqui et al., 2023; Magara et al., 2021).  

 

Crickets: Along with grasshoppers’ crickets are a popular insect that people eat because they 

not only provide nutrients but may also have immunomodulatory properties associated with 

them. For example, researchers were able to find anti-inflammatory effects from bioactive 

peptides derived from Tenebrio molitor (Rivero-Pino et al., 2024). In another study by Perez-

Santaescolastica et al., (2022) flavor profiles were investigated so that sensory qualities and 

consumer acceptance could be better understood among different edible insects including 

crickets.  

Beetles: Various beetle species such as mealworms (larval stage darkling beetles) represent 

some frequently consumed foods all over the world The carbohydrate content among edible 

insects has been documented to range from seven percent up-to fifty four percent according 

Hlongwane et.al (2020) while Siddiqui noted this figure may go beyond that.  

Caterpillars: Some caterpillars are considered a delicacy, particularly those of certain moth 

species such as the mopane worm in southern Africa. The fat content of Lepidoptera has been 

observed to have highest among edible insects (Hlongwane et al., 2020; Siddiqui et al., 2023) 

ranging between ten and fifty percent on dry matter basis.  

These insects have not only nutritional values but they also play an important role in culture. 

In many societies of Africa for example people feed on them as part their traditional diets 

besides using them medicinally too (Siddiqui et al., 2023).  

4.2 Species Suitable for Livestock Feed  

With growing demand for sustainable protein sources which can be used livestock feeding 

following insect species have shown potential. 

Black Soldier Fly (Hermetia illucens): In the animal feed industry this is one of most 

commonly employed species. It has been established through recent studies that it could 

serve well as an alternative protein source for feeds meant animals with allergies because 

some allergens were identified during these investigations. For instance, Maurer et al., (2016) 



 

 

found Hermetia illucens larvae meal could replace soybean cake without causing any adverse 

effects on egg production or intake among laying hens they studied. 

Housefly (Musca domestica): A lot work has been done trying to determine whether this 

particular fly species can usefully serve as nutritional supplement various types livestock 

including poultry and swine (Rawski et a;l., 2020; Chukwudi et al., 2023).  

Mealworms (Tenebrio molitor):  

Larvae belonging darkling beetles are highly nutritious because they contain large amounts 

proteins along fats thus making them very good feed fish poultry according Silva’s research 

findings (2020).  

Their immunomodulatory activities have also recently attracted attention from scientists 

worldwide who believe that there may even more benefits associated with it is very important 

to ensure that the nutritional composition of an insect species corresponds to the specific 

needs of the target animal when using insects as a source of feed for livestock. Insect-based 

diets have been found to be effective in feeding pigs, fish, pets and poultry. Poultry require 

high quality protein that has an appropriate balance of amino acids; this can be supplied by 

many kinds of insects (Ravindran, 2013). Some insects or their diets are enriched with omega-

3 fatty acids which are necessary for most aquaculture species (Arshad et al., 2022). Different 

stages of pig growth call for swine feeds having different levels and proportions of proteins, 

energy content as well as essential amino acids (Silva et al., 2020). 

4.3 Factors Influencing Species Selection  

Several factors are considered when selecting insect species for food and feed purposes.  

Nutritional Profile: To decide which insects to use for food and feed, some of the most 

important factors to consider include the amount of protein they contain, their amino acid 

composition, the proportion of fat they have in their body as well as levels of trace elements; 

in this regard, for instance, black soldier fly larvae are known for their high protein content and 

favorable amino acid profile making them suitable for various livestock species 

(Seyedalmoosavi et al., 2022). Edible insects have been reported to supply all eight essential 

amino acids hence a complete protein source. 

Ease of Rearing: The preference is for species that can be raised on a large scale. Things 

such as breeding habituality, growth rate and feed conversion efficacy matter. Insects are 



 

 

regarded as eco-friendly compared with other stocks since they require less ecological space 

and need less land and water than other animals (Chukwudi et al., 2023). 

Environmental Adaptability: They also need an insect capable of adapting itself to a wide 

range of environmental conditions easily that make them good candidates for large-scale 

production including tolerance to temperature fluctuations, ability to grow on several 

substrates. 

Palatability: In human consumption taste and texture play significant roles. For example, 

sensory properties of edible crickets were tested in order to understand consumer 

acceptability (Magara et al., 2021). 

Safety and regulatory Considerations: It is important that there are no toxic substances 

allergens or bioaccumulation occurring from edible organisms. More recently has been 

dedicated towards analyzing whether edible insects possess any allergenic features so that 

they can eat without fear (Karnaneedi et al., 2024). 

Sustainability: Majorly such is determined by the ability of insect species to change low 

quality organic matter into high value proteins. Insect farming utilizes about one-fifth of the 

land used in traditional animal farming (Chukwudi et al., 2023). 

5. Insect Farming Practices 

There has been increase in insect farming as a potential solution to the global food security 

issues and sources of sustainable proteins for human consumption and animal feed (Mohsin 

et al., 2024). This involves carefully planned rearing systems, feeding substrates optimization 

and efficient harvesting and processing methods to come up with high-quality products based 

on insects. 

5.1 Rearing Systems: 

Insect production efficiency and scalability depend on rearing systems: vertical farming, 

container-based, and open-air. Vertical farming maximizes space by stacking trays, controlling 

environmental factors, and automating processes, suitable for Black Soldier Fly larvae and 

mealworms (DiGiacomo,2023). Container-based systems use adaptable plastic or metal 

containers, ideal for small to medium-scale cricket or mealworm production with good 

biosecurity (Bessette and Williams, 2022). Open-air systems mimic natural conditions but offer 

limited environmental control, suitable for locusts or grasshoppers. While less space-efficient, 

they can integrate with existing farming or waste disposal methods (Lim et al., 2021). Vertical 



 

 

farming excels in controlled environments and automation, container-based systems offer 

flexibility and biosecurity, while open-air systems provide natural conditions but with less 

control and efficiency. 

5.2 Substrates for Feeding: 

The choice of substrates used for feeding is a key determinant of insect growth, nutritional 

composition and overall sustainability in rearing insects. Different options exist which include 

food waste and agricultural by-products; purpose-grown crops; and industrial by-products. 

Using organic waste streams as feed reduces environmental impact while also contributing to 

circular economy principles. This can be exemplified by fruit & vegetable waste, cereal by-

products and brewery waste among others. Organic food wastes such as manure, composts 

or vegetable scraps unfit for human consumption could serve as feed for edible insects like 

black soldier flies and crickets (Mohsin et al., 2024). The nutrient needs of farmed insects vary 

with species and life stage but protein content + amino acid profile; carbohydrate levels + fiber; 

fat content + fatty acid composition; micronutrient balance; presence of anti-nutritional factors 

or contaminants are some important considerations. Poor quality substrates adversely affect 

insect health, growth rates and final nutritional composition. Moisture content, particle size as 

well as microbial load among other factors need to be carefully controlled for optimization of 

production while ensuring food safety. 

5.3 Methods of Harvesting and Processing: 

Efficient harvesting and processing techniques are essential for ensuring quality insect-based 

products. Harvesting methods include manual collection, mechanical separation, and 

automated systems using sensors and robotics, particularly in vertical farming setups (Mohsin 

et al., 2024). Processing involves freezing, blanching, drying, grinding, and extraction. 

Freezing humanely kills insects while preserving nutritional value, and blanching inactivates 

enzymes and reduces microbial load. Various drying methods extend shelf life and prepare 

insects for further use. The choice of processing method affects nutritional value, shelf life, 

palatability, and food safety. Heat treatment can impact protein digestibility, while drying 

methods may influence fat oxidation and vitamin retention. Extraction processes concentrate 

specific nutrient fractions. Insects can be processed into pastes, powders, or meals, 

expanding their potential applications in food and feed (Mohsin et al., 2024). Insect rearing 

has a lower environmental impact compared to traditional livestock farming. It produces fewer 

greenhouse gases and requires less land and water (DiGiacomo,2023). Life cycle 

assessments have demonstrated various environmental benefits of insect farming over 

conventional livestock methods (Siddiqui et al., 2023). As the industry grows, there is an 



 

 

increasing need to understand and prevent insect diseases during rearing. Insect pathogens 

pose significant challenges to production systems at all scales, from small-scale farming to 

large-scale industrial production. Addressing these issues is crucial for the sustainable 

development of the insect-based food and feed industry. 

Biotic and abiotic factors can start diseases and influence insect immunocompetence implying 

the need for appropriate control measures against disease in rearing facilities of insects 

(Maciel-Vergara et al., 2021). The desire for insect-based commodities is expected to rise 

significantly; with estimates indicating that by 2030, demand for edible insects as alternative 

proteins might be of up to three million metric tonnes (Siddiqui et al., 2023). In order to satisfy 

this burgeoning need, production and processing could be expanded using such technological 

breakthroughs like Internet of Things (Siddiqui et al., 2023). Nevertheless, detailed 

environmental assessments are necessary for predicting large scale farming scenarios and 

guaranteeing its sustainable future. 

6. Consumer Acceptance and Food Safety 

6.1 Sensory Attributes and Palatability: 

The consumption of insects as food and feed is a complex issue influenced by sensory 

attributes, consumer attitudes, and food safety concerns. Taste, texture, appearance, and 

smell significantly impact the perception and acceptance of edible insects (Wendin et al., 2019; 

Skotnicka et al., 2023). While insects may have desirable nutty or umami flavors, their fatty 

nature can produce off-flavors, necessitating proper processing techniques like defatting and 

deodorizing (Wendin et al., 2019). Texture preferences vary, with some consumers 

appreciating the crunchiness of whole insects, while others prefer less obvious textures in 

insect-based products (Skotnicka et al., 2023). To address texture concerns and promote 

acceptance, researchers suggest incorporating insects into familiar foods like cream soups or 

baked goods using insect flour (Wendin et al., 2019; Skotnicka et al., 2023). Western societies, 

where entomophagy is uncommon, often exhibit disgust reactions towards insect-containing 

foods (Li et al., 2022). The use of insect powders or flours in food products can help reduce 

these instinctive behaviors (Wendin et al., 2019; Skotnicka et al., 2023). Cultural norms and 

unfamiliarity with insects as food contribute to the "yuck factor," a significant barrier to insect 

consumption in the West (Tan, 2017; Li et al., 2022). Food neophobia, or the reluctance to try 

new foods, is strongly associated with this aversion (Li et al., 2022). Interestingly, a study in 

Poland found no statistically significant differences in attitudes towards insect-based products 

between older and younger adults, suggesting that age-specific promotion strategies may not 

be necessary (Skotnicka et al., 2023; Orkusz et al., 2020). To overcome these obstacles, 



 

 

suggestions include gradually introducing insects into familiar foods, educating consumers 

about their nutritional value and environmental benefits, and increasing exposure over time 

(Tan, 2017; Li et al., 2022). A study in Catalonia, Spain, revealed that consumers more aware 

of sustainable diets and climate change were more likely to view insects as potential future 

nutrition sources (Sogari et al., 2019). Allergies pose a significant concern, with potential risks 

identified for individuals allergic to shellfish. Some insect species have been found to be 

primary sensitizers, emphasizing the need for careful allergen labeling and risk assessment 

(Cunha et al., 2023). Proper processing, storage, and handling of insect-based products are 

crucial for ensuring food safety and building consumer confidence (Patarata, 2018). The 

establishment of clear regulatory guidelines could alleviate consumers' concerns about safety 

and quality (Patarata, 2018; Li et al., 2022). The European Union has recently implemented 

more complex regulations in response to the growing edible insect industry (Li et al., 2022). 

Research has demonstrated the nutritional and environmental benefits of insect consumption. 

Studies have shown that insects are an adequate protein source with potential health benefits, 

including improved gut function and reduced systemic inflammation (Ros-Baro et al., 2022; 

Cunha et al., 2023). Moreover, insect farming has been found to have lower environmental 

impacts in terms of land use, water footprint, and greenhouse gas emissions compared to 

conventional livestock farming (Ros-Baro et al., 2022). 

6.2 Food Safety Considerations for Insect Consumption: 

The demand for insects as a sustainable food and feed has highlighted the critical nature of 

comprehensive food safety in this developing industry. Insect consumption, like any other 

novel dietary source, has peculiar challenges and potential risks that must be cautiously 

addressed to guarantee consumers’ protection and confidence in these products (De Paepe 

et al., 2018; Żuk-Gołaszewska et al., 2022). One of the major concerns about the food safety 

of insects is possible allergy reactions. Insects, especially those closely related to crustaceans 

like shrimp, can provoke allergic response among people who are allergic to shellfish. This 

cross-reactivity results from similar proteins such as tropomyosin found both in insects and 

crustaceans (Żuk-Gołaszewska et al., 2022). Additionally, individuals with dust mite allergies 

may also be at risk when consuming insects, given that their allergen profiles share similarities. 

To mitigate these risks, insect-based products must carry appropriate labeling and allergen 

declarations (Traynor et al., 2024). Another important aspect of food safety is the accumulation 

of heavy metals and other contaminants by insects. Bioaccumulation studies reveal that if not 

properly handled, insects can accumulate heavy metals which are harmful to human health 

(Khan et al., 2023; Bouchelouche and Arab 2020). For instance, aquatic insect species such 



 

 

as Baetis pavidus have been shown in research to accumulate heavy metals thereby 

indicating the importance of monitoring contaminants within insect farm settings 

(Bouchelouche & Arab 2009). Therefore, there should be strict control measures on the feeds 

provided for insects as well as breeding conditions so that cases of contamination by heavy 

metal elements can be contained within farms (Das et al., 2017) How about regarding 

pesticides? Especially due to use of agricultural byproducts or organic waste substances in 

raising insects, if due care is not observed, there could be accumulation of pesticides 

(Ghanghas et al., 2023). The concern should therefore be addressed through put tomorrow 

measures and development of globally acceptable levels of pesticide residues in insect feed 

as well as strict evaluation requirements all along the production chain (Zikankuba et al., 

2019). 

For instance, heat treatment has the capability to lower microbial contamination and inactivate 

probable pathogens (Żuk-Gołaszewska et al., 2022). On the other hand, it should be 

remembered that distinct methods of processing may be required for various insect species 

in order to ensure safety while maintaining nutritional qualities (Ribeiro et al., 20241). Insect 

industry’s food safety is also anchored on traceability. The use of robust traceability systems 

enable quick identification and recall of potentially dangerous products thus minimizing the 

risk to consumers (Traynor et al., 2024). This is especially important given the complex supply 

chains which often accompany insect production and processing. Continuous research and 

monitoring are vital as the insect food and feed industry expands so as to identify rising food 

safety concerns (Li, 2023). These include long-term effects of eating insects, possible drug-

food interactions, and product safety implications associated with different farming/processing 

techniques (Cantalapiedra et al., 2023) 

6.3 Marketing and Consumer Education: 

The edible insect industry has seen the development of insects derived flour mainly from 

crickets and mealworms which are now being sold in markets both in North America and 

Europe. Food scientists have tried to enhance the appeal of these products by exploring 

techniques such as controlled enzymatic protein hydrolysis to improve the functionality and 

nutritional quality of insect flours. Marketing campaigns for insect-based foods must deal with 

the psychological barriers that many consumers face. They need to address common 

psychological hurdles that inhibit a significant percentage number of its customers. To this 

end, marketing strategies should focus on educating consumers about the nutritional benefits 

of insects, their environmental sustainability, and their potential to address global food security 

challenges. These campaigns will help emphasize high protein content, essential amino acids 



 

 

and micronutrients found in insects that can position them as a healthy and sustainable 

alternative to traditional protein sources (Cantalapiedra et al., 2023). 

There is a considerable diversity of the consumer acceptance of edible insects in different 

countries and cultures (Su et al., 2023; Guiné et al., 2023). A case in point is that a study 

conducted in China reported that 73.73% of those surveyed had at some point eaten insects, 

with the most preferred being members of the Bombycidae, Acrididae, and Apidae families 

(Su et al., 2023). Conversely, Western countries generally exhibit low acceptance levels 

thereby emphasizing the need for customized marketing approaches within different regions 

(Kröger et al., 2022). The socio-demographic background, culture and current catering 

patterns should be taken into account to effectively advertise insect eating (Mopendo Mwisomi 

et al., 2023; Guiné et al., 2022). On the other hand, age, education level as well as occupation 

were discovered to influence consumers’ readiness to consume insects 

(Phonthanukitithaworn et al., 2023; Su et al., 2023). In this respect, marketing strategies need 

to be modified so as to target specific customer segments with regard to their distinct concerns 

and preferences (Guiné et al., 2023). 

7. Regulatory Frameworks and Legislation 

7.1 Current Regulations: 

However, the policies guiding the consumption of insects for human beings on earth differ 

greatly from one jurisdiction to another; this poses as many problems as opportunities faced 

in building this emergent industry. In the EU, insects and insect-derived products are novel 

foods under Regulation (EU) 2015/2283 which mandates their rigorous safety assessments 

before authorization in the market (Lähteenmäki-Uutela et al., 2021). As a result, there is 

gradual introduction of edible food from insects into member states within EU; nevertheless, it 

remains intricate and long-drawn-out process. However, instituting harmonized regulations 

across different regions is not without its challenges. Although European Union has 

established a centralized approval procedure for new varieties of food including those derived 

from insects; other countries may have diverse rules (Lähteenmäki-Uutela et al., 2021). This 

lack of global alignment in regulatory frameworks can obstruct international trade and limit 

growth within the sector of insect foods. Nonetheless, these difficulties also present prospects 

for collaboration across borders that could foster an internationally recognized system of 

guidelines to help promote expansion worldwide within this sector (Kipkoech et al., 2023). 

Presently, India does not have specific laws for using insects as food or feed though already 

existing Food Safety and Standards Authority of India (FSSAI)’s normative basis might be 



 

 

used to cover this emerging area. While Food Safety and Standards Act of 2006 forms the 

legal framework for food regulation in India; it does not directly speak about insects. The ever-

increasing global interest in insect-based foods will likely compel Indian regulators to formulate 

more focused directives regarding product safety and quality assurance (Nakimbugwe et al., 

2021). Notably, FSSAI has been proactive through addressing new challenges related to food 

safety such as setting limits for trans-fats recently (Bera et al., 2023). Therefore, India does 

not currently have explicit regulations on insects as food and feed; however, it could possibly 

use similar approaches to those used in other regions like Europe’s novel food regulations 

(Montanari et al., 2021; Żuk-Gołaszewska et al., 2021). Moreover, future regulatory changes 

within India must take into account cultural aspects, consumer attitude and likely health effects 

of insect-based products besides addressing such things as safety assessments, quality 

controls and labeling requirements (Devi et al., 2024). 

7.2 Labeling Requirements: 

A crucial aspect of regulatory compliance and consumer information is labelling requirements 

for insect-based products. For example, the EU’s Food Information to Consumers Regulation 

(Regulation (EU) No 1169/2011) has general labeling requirements that apply to any food 

product including those made from or containing insects. These include allergen particulars, 

nutrition facts and country of origin indication. Given their close relationship with crustaceans 

(Zhou et al., 2022), it is important that insect-based products should explicitly state on their 

ingredient list the presence of insects. 

Nutritional labelling for insect-based products follows similar guidelines as other food products 

and requires declaration of energy value, fat, saturates, carbohydrate, sugar, protein and salt 

amounts The unique nutritional profile of insects such as high protein content and beneficial 

fatty acid composition provide an opportunity for making nutrition and health claims according 

to Zhou et al., (2022). All these claims should be scientifically substantiated and must comply 

with the Nutrition and Health Claims Regulation (Regulation (EC) No 1924/2006) from 

European Union. 

Most foods in United States including those with insects are regulated by Food and Drug 

Administration which oversees safety as well as labeling. 

This indicates therefore that there must be some harmonization in regulations governing the 

industry across different geographical regions in order to facilitate international trade while 

guaranteeing consumers’ safety standards(Kipkoech et al., 2023; Lähteenmäki-Uutela et al., 

2021). 



 

 

Organizations like the Food Agriculture Organization have initiated global efforts toward 

development of edible insects through calling best practices in production marketing via 

regulatory harmonization (Kipkoech et al., 2023). 

Some may even consider them as novel foods because the Indian market is relatively new to 

insect-based foods hence necessitating additional labeling requirement or safety assessments 

(Kirchsteiger-Meier & Baumgartner ,2014). However, there are traditional entomophagy 

practices in some parts of India where 473 edible insect species have been identified (Khalil 

et al., 2021) but their commercial sale is limited. With this, regulators may need to come up 

with guidelines that are more specific for different aspects of insect-based products such as 

nutritional values, potential allergenicity, and cultural aspects (Khalil et al., 2021; Akbar et al., 

2023). Nevertheless, it would be prudent for these future regulatory developments to consider 

cultural factors as well as customer acceptance and health implications starting at birth (Khalil 

et al., 2021; Khanna et al., 2022). 

8. Conclusion 

Insects can be integrated into food and feed systems to address global food security and 

environmental sustainability challenges. This review highlights the nutritional benefits of 

insects which are rich in proteins, essential amino acids and micronutrients that make them 

suitable for human consumption as well as livestock feed. Furthermore, insect farming has 

significant environmental advantages such as reduced land use, lower water consumption, 

decreased greenhouse gas emissions and conversion of organic waste into valuable protein 

sources. However, there are some challenges that need to be addressed like consumer 

acceptance, regulatory hurdles and the need for scalable production despite its huge potential. 

The urgency for innovative sustainable food sources increases with the growth of the world’s 

population. We can improve food security by promoting insects as a key source of protein thus 

paving way for more resilient systems. Future research should focus on overcoming existing 

barriers while policy initiatives should create awareness about benefits associated with eating 

bugs. 
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