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s global population growth accelerates toward 10 billion by 2050, the demand for 

animal-derived protein is projected to rise sharply. Conventional livestock feed relies 

heavily on soybean meal and wild-caught fishmeal inputs associated with deforestation, 

ocean depletion, and high carbon emissions. Insect meal offers a sustainable, circular 

alternative capable of turning low-value organic waste into high-protein animal nutrition. 

This article reviews the nutritional profiles, environmental benefits, feed conversion 

efficiency, and practical application across livestock sectors for key insect species, including 

Black Soldier Fly larvae (Hermetia illucens), Mealworms (Tenebrio molitor), Houseflies 

(Musca domestica), Crickets, Grasshoppers, Earthworms, and Silkworm pupae.  

Keywords: Insect Meal, Black Soldier Fly, Sustainable Animal Feed, Circular Economy, 
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Introduction 
The global livestock industry is at a critical crossroads. With the human population expected 

to reach nearly 10 billion by mid-century, world meat, egg, and dairy production must 

increase significantly to meet consumer demand. However, expanding conventional feed 

production is environmentally unsustainable. Traditional protein sources primarily soybean 

meal and fishmeal face severe ecological constraints: 

1. Deforestation and Land Use: Massive tracts of arable land and biodiverse forests are 

cleared to cultivate soy crops. 

2. Marine Depletion: Overfishing for marine-derived fishmeal threatens ocean food webs 

and marine ecosystems. 

3. Resource Intensity: High water usage, reliance on chemical fertilizers, and escalating 

market prices make traditional feeds economically volatile and environmentally taxing. 

To resolve this protein crisis, agricultural scientists and livestock producers are turning 

toward an innovative and highly efficient solution: Insect Meal. By rearing farm-grown 

insects on organic by-products and agro-industrial waste, insect agriculture transforms waste 

streams into premium feed ingredients. This circular agritech approach drastically reduces 

environmental degradation while offering a nutrient-dense feed source for poultry, swine, 

aquaculture, and ruminants. 

Environmental Impact and Feed Efficiency 
At its core, insect farming leverages nature’s ultimate bio-recyclers. Insects convert organic 

waste into high-value biomass, offering major sustainability advantages over traditional crops 

and livestock: 

• Minimal Footprint: Insect production requires a fraction of the land, water, and energy 

used in conventional agriculture, drastically reducing greenhouse gas emissions 

(including methane and nitrous oxide). 

• High Feed Conversion Efficiency (FCE): Insects are cold-blooded and convert feed into 

body mass at remarkable rates. 
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o Crickets exhibit a Feed Conversion Ratio (FCR) of approximately 1.7:1. 

o Black Soldier Fly Larvae maintain an FCR around 2.0:1. 

o By contrast, conventional cattle require an FCR of 8:1 or higher. 

• Waste Upcycling: Insects achieve up to an 80% reduction in total waste mass, 

reducing nitrogen excretion, environmental odors, and landfill burden. 

Types of Insects Used, Composition, and Advantages 
Black soldier fly larvae (Hermetia illucens): Fresh larvae have a DM content of 35-45% 

which is quite high making them easier and less costly to dehydrate. BSF larvae have been 

reported to have as high as 41.1–43.6% crude protein (CP), 14.6–28.4% ash and 5278.49 

kcal/ kg gross energy (GE), Crude Fat 7% to 42% on DM basis. The larvae are also rich in 

minerals like calcium, phosphorus, potassium, sodium, magnesium, iron, manganese, zinc 

and copper , fatty acids (e.g., lauric acid, palmitic acid), and essential amino acids like valine 

and leucine. Does not carry disease-causing agents. 

Mealworm larvae (Tenebrio molitor): The crude protein and ash in mealworm larvae were 

reported as 45–60% and 3.0–4.5% DM, respectively. Crude Fat: 4% to 34% DM. The 

Calcium content and the Ca:P ratio is not adequate for poultry production (particularly for 

hens), but such problems can be solved by feeding mealworm with a Ca fortified diet. 

Mealworm contained considerable quantities of most of the B vitamins and choline, although 

lower levels of both vitamins B1 and B12 were found. Provides better disease resistance and 

immune responses due to the prebiotic effect of chitin. 

Housefly (Musca domestica): There are two types of meal available from housefly, i.e., the 

housefly larvae meal (which contains about 60.38% CP and GE value of 4800.80 kcal/kg on 

DM basis) and the housefly pupae meal (with about 76.23% CP, and GE value of 4877.23 

kcal/kg on DM basis). The maggots showed higher Calcium, Phosphorus and metabolizable 

energy (ME) content (4140 kcal/kg) than soyabean meal (2250 kcal/kg). Essential fatty acid 

(EFA) like linoleic acid is also found in good amount in the larvae as well as pupae meal. The 

maggots have higher amino acid content than the soyabean meal. Specifically a higher 

quantity of the essential amino acids like lysine, arginine, phenylalanine, tryptophan and 

valine, but a lower level of methionine and cystine. 

Earthworm: The CP content of earthworm meal ranges from 38.87% to 65.68% DM with 

ME of 3525.36 kcal/kg. This wide range in protein content is due to different species of 

earthworm used and also probably due to stage of growth. They are rich source of iron, 

calcium, phosphorus, potassium, sodium and fatty acids, along with notable amounts of other 

important elements 

Silkworm: The Silkworm pupae is a waste product of silk industry that can become an 

excellent unconventional protein and energy source for poultry and livestock diets after 

proper processing. The dried pupae powder contained 71.9% CP and 4.0% ash on a DM 

basis. The mineral analysis indicated high potassium content with a low Na/K ratio and low 

heavy metal content.  

Crickets (Gryllus testaceus walker): crickets can survive and grow well on a variety of 

organic materials including forage diets, agricultural and food industry by-products and 

plants considered as weeds are potential cheap and sustainable feed sources. Crickets were 

reported to have a high CP level ranging from 55 to 73% and sufficient EAAs, except for 

methionine and lysine, which can be supplied directly in the feed. Crude Fat: 3% to 21%. 

Grasshoppers: The crude protein content varies from 29 to 77.1% due to various species, 

developmental stages and different processing methods. A Gross energy of 1917 kcal/kg on 

DM basis has been reported. Among vitamins vitamin-B3 was found to be highest, followed 

by vitamin C, vitamin B2 and vitamin A. The grasshopper meal is also a rich source of 

PUFAs and essential amino acids. 

Livestock Application & Performance Insights 
Insect meal is not merely a substitute for soy or fishmeal; it offers bioactive compounds that 

improve animal health and growth performance across sectors: 



Tekade and Lanje (2026) Agri Magazine, 03(09 ): 508-511 (SEP , 2026 )     

Agri Magazine ISSN: 3048-8656 Page 510 

1. Poultry: 

o Palatability & Performance: Incorporating insect meal increases feed intake and growth 

rates in broilers. 

o Egg Quality: Lauric acid present in Black Soldier Fly meal improves egg yolk color, 

structure, and lipid stability. 

o Gut Health: Antimicrobial peptides (AMPs) and chitin suppress pathogenic bacteria like 

Salmonella and E. coli, reducing reliance on sub-therapeutic antibiotics. 

2. Swine: 

o Highly digestible protein and fat profiles make insect meal ideal for weaning piglets. 

o Promotes gut mucosal integrity and supports rapid early growth without causing digestive 

distress. 

3. Aquaculture: 

o Serves as a direct, sustainable replacement for wild-caught fishmeal in diets for rainbow 

trout, tilapia, and shrimp. 

o Essential amino acid profiles match marine protein needs closely, maintaining rapid 

growth rates. 

4. Ruminants (Cattle, Sheep, Goats): 

o High-fat insect meal increases energy density in ruminant rations. 

o When used in balanced proportions, it delivers bypass protein that supports milk yield in 

dairy cattle without disrupting rumen fermentative balance. 

Advantages and Challenges of Insect Protein in Animal Feeds 
Advantages 

• Environmental Sustainability: Insect farming has a smaller carbon footprint compared to 

traditional feed production and requires less land and water.  

• Feed Conversion Efficiency: Insects have demonstrated remarkably high FCEs compared 

to traditional livestock, making them a promising alternative for sustainable protein 

production. Example, Crickets have a feed conversion ratio of 1.7:1, making them much 

more efficient than cattle, which have a ratio of 8:1and Black soldier fly larvae have been 

shown to have an FCE of 2:1.  

• They grow and reproduce easily 

• Waste reduction: Insect farming can help reduce food waste by converting organic by-

products into valuable protein.  

• Lower Feed Costs: Insect meal provides a cost-effective alternative to expensive 

traditional feed ingredients like fishmeal and soy 

• Improved Health and Immunity: The larvae produce antimicrobial peptides, which can 

improve growth performance, nutrient digestibility, intestinal health, and immune 

function in poultry. The exoskeleton's chitin content stimulates the immune system and 

can halt the growth of pathogens like and Salmonella. 

• Meat Quality:  Chitin's hypolipidaemic and hypocholesterolaemic properties can result in 

leaner meat. 

• Economic Benefit: The use of insect meal is acceptable, inexpensive, and can reduce 

antibiotic use, helping to reduce overall feed costs. 

• Palatability: Insect meal can increase palatability for chickens. 

Challenges 

• Disease Carrier Risk: Insects are recognized as disease carriers, and there is a threat of 

transferring insect-borne diseases to poultry and humans. While Black Soldier Fly does 

not carry any disease-causing agent, others like the housefly and mealworm can carry 

various fungi or viruses. 

• Variability: The quality and nutrient profile of the final insect product can vary 

significantly depending on the insect species, rearing medium, environment, and 

processing method used. 
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• Inconsistent Results: Inconsistent results are often noticed in studies due to differences in 

insect meal products and poultry breeds. 

• Industrialization: There is an absence of large-scale production and stable supply, which 

hinders the accurate evaluation of metabolizable energy and effective nutrient 

availability.  

• Processing methods need to be updated to reduce costs and the risk of pathogenic 

contamination. 

Global Landscape, Market Prospects & Indian Context 
The global insect protein market is transitioning from niche research to industrial 

manufacturing. International leaders such as AgriProtein, 'Ynsect, and InnovaFeed have 

constructed automated, large-scale bioreactors capable of processing thousands of tons of 

insect protein annually. Agencies such as the Food and Agriculture Organization (FAO) 

advocate for insect rearing as a vital component of climate-resilient global agriculture. 

Potential in India and Emerging Markets 

In developing agricultural hubs like India, insect farming aligns with national priorities: 

• Waste Management: Diverting organic waste from municipal landfills into Black 

Soldier Fly facilities reduces urban and agricultural waste burdens. 

• National Initiatives: Insect meal ventures align with programs promoting self-reliance 

(Atmanirbhar Bharat) and sustainable rural employment. 

• Cost Reduction: Supplying local feed manufacturers with regionally produced insect 

protein lowers dependence on imported soy and fishmeal, stabilizing feed prices for 

smallholder farmers. 

Conclusion 
Insect meal represents a transformative leap toward sustainable, climate-smart livestock 

production. By converting low-value organic waste into premium-grade proteins, lipids, and 

bioactive compounds, insect farming addresses the dual challenges of waste accumulation 

and feed resource scarcity.While full commercialization requires standardized safety 

protocols, automated processing technologies, and supportive policy frameworks, the 

biological and ecological advantages of insect meal are indisputable. As technology scales 

and production costs decline, insect-based ingredients will play a central role in securing the 

future of global food and feed production. 
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