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ABSTRACT 

Livestock production plays a crucial role in global food security, but it is also associated with significant 
environmental challenges including greenhouse gas emissions, land degradation, water consumption, and 
biodiversity loss. As the global population is expected to reach nearly 9 billion by 2050, the demand for animal 
protein is projected to increase dramatically, putting additional pressure on natural resources. In this context, 
insects have emerged as a promising alternative protein source for livestock feed due to their high nutritional value 
and low environmental footprint. Insects such as black soldier fly larvae, mealworms, housefly larvae, and crickets 
possess high protein content, efficient feed conversion rates, and require significantly less land, water, and energy 
compared to conventional protein sources like soybean meal or fish meal. Moreover, insects can convert organic 
waste into high-quality protein and lipids, thereby contributing to circular bioeconomy systems. Research 
indicates that insect-based feed production emits fewer greenhouse gases and ammonia compared to traditional 
livestock feed systems. This article explores the nutritional potential of insects, their environmental advantages, 
their role in livestock feed, and the challenges associated with large-scale adoption.  
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INTRODUCTION 

Global livestock production has expanded 
rapidly in response to increasing demand for animal 
protein. Meat, milk, and eggs are essential components 
of human nutrition, but the livestock sector also 
contributes significantly to environmental degradation. 
Livestock production is responsible for considerable 
greenhouse gas emissions and resource consumption. 
Estimates suggest that livestock production contributes 
approximately 18% of global greenhouse gas 
emissions, including methane, nitrous oxide, and 
carbon dioxide.  

At the same time, global demand for livestock 
products is projected to increase substantially in the 
coming decades. According to the Food and 
Agriculture Organization (FAO), global demand for 
animal protein may double by 2050, driven by 
population growth and rising incomes in developing 
countries.  

Traditional livestock feed ingredients such as 
soybean meal and fishmeal require extensive 
agricultural land, water resources, and energy inputs. 
The search for sustainable alternatives has therefore  

 
become a major focus of research in animal 

nutrition and environmental science. In recent years, 
insects have gained attention as a promising alternative 
protein source for animal feed. Edible insects have been 
consumed by humans for centuries in many cultures, 
and more than 2000 insect species are known to be 
edible worldwide. Beyond direct human consumption, 
insects can be produced efficiently and utilized as feed 
ingredients for poultry, pigs, fish, and other livestock. 
Their high nutritional value and low environmental 
footprint make them attractive candidates for 
sustainable livestock production systems. 
 
NUTRITIONAL VALUE OF INSECTS AS A 
PROTEIN SOURCE 

One of the primary reasons insects are 
considered promising feed ingredients is their high 
nutritional value. Many insect species contain 
substantial levels of protein, lipids, vitamins, and 
minerals. Research indicates that insects generally 
contain 37–63% crude protein and 20–40% fat, 
depending on species and developmental stage.  
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Common insect species used in animal feed include: 
 Black soldier fly (Hermetia illucens) 
 Yellow mealworm (Tenebrio molitor) 
 Housefly larvae (Musca domestica) 
 Crickets (Acheta domesticus) 

These insects provide high-quality protein 
with amino acid profiles comparable to conventional 
animal protein sources. In many cases, insect protein 
contains essential amino acids such as lysine, 
methionine, and threonine that are critical for animal 
growth and productivity. 
In addition to protein, insects also contain beneficial 
fatty acids, minerals such as iron and zinc, and bioactive 
compounds that may support animal health. 

Studies have shown that insect meal can 
partially replace soybean meal or fishmeal in livestock 
diets without negatively affecting growth performance. 
In poultry and aquaculture, insect meal 
supplementation has demonstrated promising results in 
terms of feed conversion ratio, growth rate, and nutrient 
digestibility. 
 
ENVIRONMENTAL BENEFITS OF INSECT 
PRODUCTION 

The environmental advantages of insect 
farming are one of the most compelling reasons for its 
growing popularity. 
Efficient Feed Conversion 

Insects have extremely efficient feed 
conversion ratios because they are cold-blooded 
organisms and require less energy for maintenance. For 
example, crickets require six times less feed than cattle 
and four times less than sheep to produce the same 
amount of protein.  
 Additionally, insects can convert 
approximately 2 kg of feed into 1 kg of insect biomass, 
whereas cattle may require around 8 kg of feed to 
produce 1 kg of body weight gain.  
Reduced Greenhouse Gas Emissions 
 Insect farming produces significantly fewer 
greenhouse gas emissions compared to conventional 
livestock production systems. Pigs, for example, can 
produce 10–100 times more greenhouse gases per 
kilogram of weight than mealworms. Some studies also 
suggest that insect-based feed may reduce livestock 
methane emissions and improve environmental 
sustainability in animal production systems.  
Lower Land and Water Requirements 
 Insect farming requires substantially less land 
and water compared to traditional livestock or crop-
based protein production. Studies have shown that 
producing the same amount of protein from chickens 
requires: 
 13 times more land 
 7 times more water 
 1.5 times more energy 
 5.5 times more carbon dioxide emissions than 

producing protein from black soldier fly larvae.  
Waste Recycling and Circular Economy 

One of the most remarkable benefits of insect 
farming is the ability of insects to convert organic waste 
into valuable protein. Black soldier fly larvae can 
convert 30–60% of organic waste into high-quality 
protein, making them useful in waste management 
systems. This capability supports circular bioeconomy 
models where agricultural by-products and food waste 
are transformed into animal feed, reducing 
environmental pollution and resource waste. 
Role of Insects in Livestock Feed 

The livestock feed industry relies heavily on 
protein-rich ingredients such as soybean meal and 
fishmeal. However, these resources face sustainability 
challenges including deforestation, overfishing, and 
price volatility. 
Insect meal offers a promising alternative for several 
livestock species. 
Poultry 

In poultry production, insect meal can replace 
a portion of soybean meal or fishmeal in broiler and 
layer diets. Studies have shown that black soldier fly 
larvae meal improves feed efficiency and growth 
performance while supporting gut health. 
Aquaculture 

Aquaculture is currently the largest market for 
insect-based feed ingredients. Fishmeal replacement 
using insect meal has shown promising results in 
species such as salmon, tilapia, and trout. 
Pig Production 
 In pig diets, insect protein can improve 
digestibility and provide essential amino acids needed 
for growth. 
Moreover, insects can help reduce manure pollution 
because black soldier fly larvae are capable of 
converting livestock manure into nutrient-rich biomass 
while reducing odor and pathogen levels.  
Challenges and Future Perspectives 

Despite their potential advantages, several 
challenges must be addressed before insects can 
become a mainstream livestock feed ingredient. 
Regulatory Barriers 
 Many countries still have strict regulations 
regarding the use of insects in animal feed, particularly 
concerning substrates used for insect production. 
Consumer Acceptance 

Public perception and cultural acceptance of 
insects as food or feed ingredients may influence 
market expansion. 
Production Costs 

Large-scale insect farming requires 
technological advancements and investment to reduce 
production costs and improve efficiency. 
Standardization 

Variability in nutrient composition depending 
on species, diet, and life stage makes standardization of 
insect-based feed ingredients challenging.  
 
CONCLUSION 

Insects represent a highly promising 
alternative protein source capable of reducing the 
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environmental impact of livestock production. Their 
high nutritional value, efficient feed conversion, lower 
greenhouse gas emissions, and ability to recycle 
organic waste make them a sustainable option for future 
animal feeding systems. As global demand for animal 
protein continues to rise, integrating insect-based 
protein into livestock feed could play a vital role in 

improving sustainability, reducing resource use, and 
supporting circular bioeconomy models. Continued 
research, supportive regulatory frameworks, and 
technological advancements will be essential to fully 
realize the potential of insects as a sustainable protein 
source in livestock production systems. 
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