


Review Article

YELLOW MEALWORM (Tenebrio molitor larva): A NOVEL POULTRY FEED RESOURCE


[bookmark: _GoBack]ABSTRACT
Insects are being considered as alternative feed resources for animals, among which the yellow mealworm (Tenebrio molitor larva) has gained popularity and is being recognized as a sustainable and nutritious alternative to traditional poultry feeds. Traditional poultry feeds, such as soybean meal and fishmeal, are becoming increasingly unsustainable due to their high environmental impact and competition with human food production. In contrast, yellow mealworms are a renewable and ecologically friendly solution. Yellow mealworms offer high protein content, essential amino acids, and beneficial fatty acids, making them an excellent choice for poultry nutrition. Additionally, mealworms can be cultivated on organic waste, thereby reducing the ecological footprint of poultry farming. Integrating mealworm production into waste management systems makes it possible to simultaneously address feed security and waste reduction. This article systematically reviews the existing literature on the nutritional composition of yellow mealworms, highlighting their protein content, amino acid profiles, fatty acid composition, and mineral content. It also examines the impact of mealworm-based diets on poultry growth rates, feed conversion ratios, egg production and overall poultry health. The findings suggest that yellow mealworms could play a significant role in the future of sustainable poultry farming, contributing to both poultry welfare and environmental conservation. Furthermore, with the continuous rise in feed costs, yellow mealworms can serve as a cost-effective alternative when produced at the farm level using recycled organic byproducts. Their efficient conversion of organic waste into high-quality protein can substantially lower overall poultry feed expenses.Top of Form
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1. INTRODUCTION
The poultry meat and eggs are among the animal-source foods most widely eaten globally across diverse cultures, traditions, and religions. As the world's population reaches 8 billion, the demand for poultry meat and eggs is expected to continue increasing due to population growth and rising individual consumption. The global production of poultry meat was 144 million tonnes, while egg production reached 97 million metric tonnes in 2023 (FAO, 2025).
The Indian poultry industry has emerged as a formidable contributor to global egg and meat production. India ranks second worldwide in egg production and fourth in meat production, reflecting a strong and sustained growth trajectory. Egg production has been expanding at an annual rate of 4.44%, while meat production has increased by 2.46% per annum. The country produces about 149.11 billion eggs and 10.50 million tonnes of meat annually. Poultry contributes nearly half of the total meat output, with poultry meat alone accounting for 5.18 million tonnes, underscoring its importance in national food security. Despite these impressive achievements, a substantial gap persists in per capita availability when compared with nutritional recommendations. The average per capita availability of eggs in India during 2024-25 was about 106 eggs/person/year, while meat availability stood at 7.51 kg/person/year (BAHS, 2025), which falls well below the intake level of 180 eggs and 11 kg of meat per year recommended by the Indian Council of Medical Research for optimal nutrition. Closing this gap presents an opportunity for the industry to meet domestic demands and tap into the potential for increased exports and improved public health outcomes through enhanced nutrition.
The rapid expansion of the poultry sector is further evidenced by census data. Between the 19th and 20thlivestock censuses conducted in 2012 and 2019, respectively, the total poultry population in India increased substantially from 729.21 million to 851.81 million, registering a growth of 16.8%. Within this overall population, birds reared under commercial farming systems constituted the major share, increasing from 511.72 million to 534.74 million and recording a growth rate of 4.5% (DAHD, 2019). These trends underline the dynamic nature of the Indian poultry industry, wherein both commercial and backyard poultry farming systems play a complementary role in meeting the country’s steadily increasing demand for eggs and poultry meat.
1.1 Need of alternate feed sources
The Food and Agriculture Organization of the United Nations predicts that the human population will grow to 9 billion by 2050 and will put more pressure on resources that play a vital role in agriculture and food production, such as water, land, and energy (FAO, 2011).The rapid growth of the human population in the second half of the 21st century may lead to shortages of food, especially animal proteins (Zhang, 2008).The shortage of conventional feedstuff like maize and soyabean is occasioned by competition between man and livestock for these feed sources. Most poultry feed ingredients are also used for human nutrition, which leads to competition (Mengesha, 2012).The high cost and scarcity of feedstuffs, particularly protein sources such as soyabean, groundnut, and fish meal, are major factors militating against commercial poultry production (Adeniji, 2007). Additionally, feed and food production are the major contributors to land occupation, soil acidification, deforestation, loss of biodiversity, and water dependence (Makkar et al., 2014), and the production of fishmeal and soyabean meal is mainly linked to these impacts (Sánchez-Muros et al., 2014).Due to the increasing demand for animal products, there is a need to look for alternative, non-conventional, and economical nutritious sources that will help address the problem. Considering all these factors, the poultry feed industry must search for an alternate feed source.
Note-Current scenario of availability of different ingredients of poultry feed status in India can be included in this section of Manuscript.
2. INSECTS AS ALTERNATE FEED SOURCE
In recent years, different insect species have been identified as promising alternative and more sustainable feed ingredients for livestock due to their capability to convert waste or byproducts into biomass rich in protein and other valuable nutrients (Adhikari et al., 2021). The scarce local feedstuff production promotes the search for viable alternative ingredients with guaranteed supply at a reasonable cost. Such alternatives include insects that can be used as protein sources (e.g., animal rations) and as natural pigments, vitamins, or minerals (Ramos-Elorduy, 1997). Insects are well known as an important natural food source for many animals. They have many benefits to offer us but are often overlooked and underestimated (Anand et al., 2008). For example, they can be used in human and animal nutrition, medicine, and recycling organic matter (Ifieand Emeruwa, 2011). Premalatha et al. (2011) highlighted the relatively more vital sustainability of animal protein through insect farming because the production of insect protein takes less land and energy than the more widely consumed forms of animal protein.
Insects metabolize organic waste biomass and, therefore, can be used in the formulation of animal feeds for broiler hens, swine, and fish. Insects are promising animal feed ingredients because they contain high levels of quality protein, have short life cycles, and are easy to produce and handle, depending on the substrate used for their production. Experimental results have shown that insects can recycle waste materials by performing significant transduction of the nutrients present in low quality, 8-9% protein substrates into a 44-61% good quality insect protein within a 3 to 4months period under controlled conditions (Ramos-Elorduy, 1997). Some insect species and their larva are considered as feed, such as the black soldier fly Hermetiaillucens (Diptera: Stratiomyidae), domestic house fly Muscadomestica (Diptera: Muscidae), and silkworm can be reared on low-value organic byproducts (Van Huis et al., 2015). Another possibility could be the industrial production of insect-expanded nutrients for animal nutrition.
[bookmark: _Hlk166514988]Among insect species, the Yellow mealworm or Tenebrio molitor larvae has been identified as one of the few candidate species with the potential for large-scale commercial production (Heckmann et al.,2018). Mealworms can be grown under various agricultural and low-quality organic substrates (Ruschioni et al., 2020). They can be utilised as alternative nutrient sources for monogastric livestock such as poultry and swine (Hong et al., 2020). 
Note-Studies conducted in India using insects as a poultry feed sources if available can be incorporated in this section to increase the visibility of manuscript
3. INSECT: Tenebrio molitor
Tenebrio molitor is a species of darkling beetle belonging to the family Tenebrionidae(Figure 1). This species is notable for its role as a feed source and a pest in stored products.T. molitor beetles are indigenous to Europe and are now distributed worldwide (Ramos‐Elorduyet al., 2002). They thrive in dark, moist environments like soil, decaying wood, and, most commonly, stored grains. Culturing T. molitor is relatively straightforward, requiring warm temperatures and high humidity. They thrive in 25-30°C environments and can be fed on various organic materials, such as oat bran, wheat bran, fruits and potato slices, which enhance humidity levels during rearing (Kotsouet al., 2024).
3.1 Taxonomy and Biology
· Scientific Classification:
· Domain: Eukaryota
· Kingdom: Animalia
· Phylum: Arthropoda
· Class: Insecta
· Order: Coleoptera
· Family: Tenebrionidae
· Genus: Tenebrio
· Species: T. molitor
T. molitor undergoes a complete metamorphosis, passing through four life stages: egg, larva(Figure 2), pupa, and adult. The adults measure between 1.25 to 2 cm (0.49 to 0.78 in) long. They are characterized by their dark brown to black colouration as adults (Hagstrum et al., 2013). T. molitor is a versatile insect with significant ecological roles and potential benefits for sustainable feed sources.
[image: Tenebrioninae - Wikipedia][image: ]Figure1: TenebriomolitorFigure2: Tenebriomolitorlarva 
3.2 The life cycle of Tenebrio molitor
The life cycle of T. molitor is variable and extends from 280 to 630 days. It is holometabolous in nature and comprises four clearly defined developmental stages, namely egg, larva, pupa and adult (Figure 3).Each female beetle can lay 100-200 eggs at a time and up to 500 over their life. The eggs hatch and become larvae after 3-9 days at 25°C. The newly hatched larvae are light white and range in length from 0.34 cm to up to 3.16 cm at the 20th instar (Siemianowska et al., 2013). Larvae have an elongated, cylindrical form, with mature larvae with an average weight of 0.2 g, being well-sclerotized and having six legs behind the head and two small appendages at the abdomen’s ends. The larval stage typically lasts two to four months, depending on growing temperature and feed availability (Park et al., 2014). The larva eventually stops feeding and forms pupa, during which the insect undergoes metamorphosis and transforms into an adult. The pupal stage lasts around 5–9 days (Siemianowska et al., 2013), after which an adult darkling beetle emerges and mates to start the cycle again. The lifespan of an adult ranges between 37–97 days (Ghaly and Alkoaik, 2009). A recent study has shown that the nutritional value of yellow mealworms differs depending upon their metamorphic stages, with larvae having a higher nutritional value for use as animal feed than pupae and adults (Khanal et al., 2023).  
[image: ]Figure 3: The life cycle of T. molitor(Onget al., 2018)
4.YELLOWMEALWORM (Tenebrio molitorlarva)
Yellow mealworms are the larval form of the T. molitor, a species of darkling beetle that is gaining attention as a sustainable and nutritious feed source (Selaledi et al., 2020). The larvae are most famous for being used as bait and food for fish, amphibians, reptiles, turtles, birds, crows, and some small animals kept as pets (Machona et al., 2022).
Yellow mealworms have recently been recognised as a novel feed source with the potential for commercial-scale production in the future. In some countries, T. molitor larvae are being produced industrially as feed and feed supplements for zoo animals, poultry and pigs. They are usually fed live but are also sold canned, dried, or in powder form (Veldkamp et al., 2012). The mature larva is light yellow-brown, 2-3.2 cm long and weighs 0.13-0.16 g. Commercial yellow mealworm producers sometimes include a juvenile hormone in the feed to prevent the larvae from moulting into adults, resulting in giant mealworms that can achieve a length of  2 cm or greater and weigh more than  0.3 g (Finke, 2002). Yellow mealworms have a high protein content with a similar or even better amino acid profile compared to commercially available soyabean-based protein sources for livestock that are currently in use (Khanal et al., 2023). In addition, yellow mealworm is rich in fat, mainly unsaturated fatty acids, which can be considered a healthy fat source for production animals (Dabbou et al., 2020). 
Yellow mealworms are omnivorous and can eat all kinds of plant material as well as animal products such as meat and feathers (Ramos-Elorduy et al., 2002). They are typically fed on cereal bran or flour (wheat, oats, maize) supplemented with fresh fruits and vegetables (carrots, potatoes, lettuce) for moisture together with protein sources such as soyabean flour, skimmed milk powder or yeast (Aguilar-Miranda et al., 2002). Yellow mealworms also has several benefits, including the ability to be grown using low-grade organic bioresources or byproducts, higher feed conversion efficiency, the need for less water and land for growth, and the potential to minimize greenhouse gases (Grau et al., 2017). Mealworms can recycle low-quality plant waste materials into high-quality feed rich in energy, protein, and fat in a relatively short time. Thus, Yellow mealworms can serve as a nutritious and sustainable source of animal feed ingredients in the future.
4.1 Ways of feeding yellow mealworms to poultry
Yellow Mealworms are typically fed to poultry in the following ways:
i) Live mealworms are directly fed to poultry birds
ii) Fed to poultry birds indried or powdered form as a meal 
[image: ]Mealworms are typically fed live, but canned and dried larvae are commercially available. In different feeding experiments, larvae were dried at 50◦C for 24 h (Klasing etal., 2000), directly dried in the sun for 2 days or boiled in water for 3 min and then oven-dried at 60-100◦C (Aguilar-Miranda et al., 2002).
Figure4: Scheme of Tenebrio molitor larvae processing for animal feed
(Hong et al., 2020)
5. NUTRITIONAL CONTENT OF YELLOW MEALWORM
Yellow mealworms have gained significant attention in the quest for sustainable and nutritious food alternatives. Yellow mealworms have emerged as a promising candidate in this regard, offering a feed source that is sustainable and packed with essential nutrients. Yellow mealworm is a rich source of essential amino acids, such as methionine and lysine, with higher contents than common plant protein feedstuff (Nascimento Filho et al., 2021). 
The fat content of yellow mealworms is another nutritional advantage, mainly because it includes a good proportion of all essential amino acids, unsaturated fatty acids, fibre, potassium, and phosphorus (Selaledi et al., 2020), which is beneficial for poultry health. Their nutritional profile is further enhanced by dietary fibre in the form of chitin, a compound linked to potential benefits for poultry birds' digestive health and immunity. Chitin could act as a prebiotic to reduce harmful bacteria in the caecum (Bovera et al., 2015). Van Huis (2013) observed that by feeding black soldier fly larvae, mealworms, or field crickets to chickens, the use of antibiotics may be reduced because diets containing around 3% of chitin increased populations of intestinal Lactobacillus spp. and decreased intestinal Escherichia coli and Salmonella spp. Cecropins, a well-known class of α-helical antimicrobial peptides produced by insects, including yellow mealworms, are among the most extensively studied. These peptides are effective against both Gram-positive and Gram-negative bacteria. Another antimicrobial peptide specific to yellow mealworms is defensins, a proline-rich peptide. Defensins exhibit potent activity against Escherichia coli, fungi, yeasts, and protozoa (Yi et al., 2014).
The nutritional value of  T. molitor larvae (live fresh mealworms) comprises 20% protein, 13% fat, 2% fibre, and 62% moisture.The nutritional composition of  T. molitor larvae (live fresh mealworms) is given in Table 1 (Mariod, 2020; Liu et al., 2020; Siemianowska et al., 2013). The meal derived from T. molitor (dried mealworm powder) on average contains (% DM basis) CP 40-55 %, CF 4-8%, EE 25-35%, NFE 3-8 %, Ash 2-5% as shown in Table2 (Machona et al., 2022; Jajic et al., 2019; Hussain et al., 2017). 
Table 1: Nutritional composition of  T. molitor larvae (live fresh mealworms)
	[bookmark: _Hlk174046059]Components
	Mariod,
2020
	Liu et al.,
2020
	Siemianowska
et al., 2013

	Moisture (Water)
	62 %
	64.1 %
	56 %

	Total protein
	20 %
	17.6 %
	18 %

	Total fat
	13 %
	13.8 %
	22 %

	Carbohydrate (Fibre)
	2 %
	3.1 %
	2.5 %

	Ash
	-
	1.5 %
	1.5 %



Table 2: Proximal content of T. molitorlarvae meal (dried mealworm powder)
(% dry matter basis)
	
Components
	Machona et al. , 2022
	Jajic et al., 2019
	Hussain et al. , 2017
	
Average Range

	Crude protein
	54.8 %
	55.83 %
	45.8 %
	40-55 %

	Crude fibre

	6 %
	7.15 %
	4 %
	4-8 %

	Ether extract
	26 %
	25.19 %
	34.2 %
	25-35 %

	NFE
	4.2 %
	3.68 %
	7.7 %
	3-8 %

	Ash
	4 %
	4.84 %
	2.5 %
	2-5 %

	Moisture
	5%
	3.3 %
	5.75 %
	3-6 %


The saturated fatty acids (SFA) of T.molitor larvae, myristic acid (C14:0) ranges from 2.12% to 5.21%, palmitic acid (C16:0) ranges from 9.33% to 17.21%, and stearic acid (C18:0) ranges from 0.26% to 3.06%. Palmitoleic acid (C16:1) ranges from 9.33% to 17.24%, oleic acid (C18:1n9) ranges from 40.78% to 49.71%, linoleic acid (C18:2n6) ranges from 24.19% to 35.58%, linolenic acid (C18:3n3) ranges from 0.35% to 2.27%, γ-linoleic acid (C18:3n6) ranges from 0.03% to 1.85%, and eicosenoic acid (C20:1n9) ranges from 0.06% to 0.39%, which were reported as unsaturated fatty acids (UFA) in T. molitor larvae. The SFA and UFA for T. molitor larvae range from 22.3% to 23.3% and 77.7% to 79.0%, respectively. The T. molitor larvae have a similar composition of UFA when compared to fishmeal. Furthermore, T. molitor larvae contain essential polyunsaturated fatty acids (PUFAs), such as omega 3 and 6 acids. A total of 46.1 to 47.3 g/100 g of omega 3 acid and 31.1 to 31.6 g/100 g of omega 6 acid were detected in T. molitor larvae (Hong et al., 2020). The fatty acid composition of T. molitor larvae is presented in Table 3. 
Table 3: Fatty acid composition of T. molitor larvae (DM basis) (Ravzanaadii et al., 2012)
	Fatty Acids
	% of Total Fatty Acids

	Myristic acid (C14:0)
	3.02

	Palmitic acid (C16:0)
	16.72

	Palmitoleic acid (C16:1)
	2.67

	Stearic acid (C18:0)
	2.49

	Oleic acid (C18:1n9)
	43.17

	Linoleic acid (C18:2n6)
	30.23

	Linolenic acid (C18:3n3)
	1.36

	γ-Linoleic acid (C18:3n6)
	0.05

	Eicosenoic acid (C20:1n9)
	0.24

	Saturated fatty acid, %
	22.17

	Unsaturated fatty acid, %
	77.83

	UFA/SFA ratio
	3.49


DM: Dry matter, UFA: Unsaturated fatty acid, SFA: Saturated fatty acid
The concentration of elements such as sodium, magnesium, potassium, phosphorus, calcium, manganese, iron, copper and zinc plays a critical role during the metamorphosis stages of mealworms. Mealworm larvae are poor sources of calcium but rich in phosphorus (Selaledi et al., 2020). The mineral content of T. molitor larvae is given in Table 4.Yellow mealworms generally have a mineral composition comparable to fish meal and soyabean meal; however, they contain more potassium and magnesium than fish meal and contain higher magnesium and sodium compared to soyabean meal. Despite minerals, larvae were also shown to contain micronutrients like minerals and vitamins. Thus, they are an excellent source of nutrients, particularly protein and fat, and can potentially substitute traditionally used animal feed ingredients, such as soyabean meal or fish meal, which are widely used feed ingredients (Syahrulawal et al., 2023).
Table4: The mineral content of T. molitor larvae(DM basis)(Syahrulawal et al., 2023)
	Minerals
	mg/kg

	[bookmark: _Hlk174837629]Sodium
	960-3,644

	Magnesium 
	2,026-4,100

	Potassium
	6,440-19,290

	Phosphorus 
	6,640-14,290

	Calcium 
	434.6-2,070

	Manganese
	3.3-13.5

	Iron 
	46.6-163

	Copper
	7.8-65.4

	Zinc 
	82.3-183.7


6. YELLOW MEALWORM AS A NOVEL SOURCE OF PROTEIN
Yellow mealworms are a superb source of high-quality protein, providing all essential amino acids. Their amino acid profile is well-balanced and highly nutritious (Makkar et al., 2014). Yellow mealworms contains nearly all types of amino acids, primarily essential ones that cannot be synthesized by animals and must be obtained from food. Yellow mealworms contains 40.2%–63.3% protein on a dry matter basis, depending upon the types of rearing substrates used to grow them. For example, larvae fed with wheat bran had a higher (63.3% DM) protein content compared to barley meal (52.7% DM), which could be linked to higher protein in wheat bran substrate (Rumbos et al., 2020). The variations in the protein contents of yellow mealworms can also be associated with environmental conditions used for larval production. Yellow mealworms grown at 25°C had 8% higher protein content than larvae grown at 15°C (Adámková et al., 2020). The crude protein (%) of T. molitor larvae, Soyabean and Fishmeal is 51.93%, 44.51%, and 60.2%, respectively (Selaledi et al., 2020). 
	T. molitor larvae have a high quality and quantity of protein and amino acid profile, so they are considered a highly sustainable protein source alternative to soyabean meal or fishmeal. The amino acid profile of T. molitor larvae is presented in Table 5. Leucine, valine, and lysine are the most abundant indispensable amino acids in T. molitor larvae, whereas histidine, methionine, and tryptophan are the least abundant. The lysine content for T. molitor larvae ranges from 1.58% to 5.76%, and the methionine content for T. molitor larvae ranges from 0.52% to 2.20%. Additionally, the threonine values for T. molitor larvae range from 1.57% to 4.29%, and the tryptophan values for T. molitor larvae range from 0.02% to 1.86%. The T. molitor larvae have greater lysine, methionine, threonine, valine, and isoleucine contents compared to those of soyabean meal. Although the lysine, methionine, and threonine contents for T. molitor larvae are lower than those for fishmeal, the tryptophan, valine, and isoleucine contents are greater than those for fishmeal (Hong et al., 2020). On average, mealworm larvae contained 364.1 g/kg DM of non-essential amino acids and 198.6 g/kgDM of essential amino acids (Bednářová et al., 2014).
Table 5: Amino acid composition of T. molitor larvae (g/kg, DMbasis)
(Khanal et al., 2023)
	ESSENTIAL AMINO ACID (EAA)

	Amino Acid
	T. molitor larvae
	Soyabean Meal

	[bookmark: _Hlk218121534]Arginine
	27.0
	22.3

	Histidine
	15.8
	12.2

	Isoleucine
	18.7
	19.3

	Leucine
	32.1
	12.2

	Lysine
	26.7
	26.7

	Methionine
	5.83
	5.44

	Phenylalanine
	16.2
	22.3

	Threonine
	17.2
	16.9

	Valine
	20.0
	16.1

	Tryptophan
	4.59
	6.22

	NON-ESSENTIAL AMINO ACID (NAA)

	Alanine
	30.5
	17.0

	Aspartic acid
	34.2
	49.2

	Cysteine
	3.93
	5.78

	Glycine
	20.8
	16.0

	Glutamic acid
	53.9
	87.7

	Proline
	29.9
	22.1

	Serine
	18.9
	20.7

	Tyrosine
	30.2
	14.1

	TOTAL AA
	404  ± 5.52
	424 ± 11.17

	EAA
	155  ± 2.62
	159  ± 5.55

	NAA
	245  ± 3.35
	259  ± 7.11


The standardized ileal digestibility coefficients (SIDCs) of amino acids for T. molitor larvae meal were reported by Nascimento Filho et al. (2021), who observed that the SIDC of all indispensable amino acids in T. molitor larvae meal was greater than 0.81. The threonine (0.82) and histidine (0.81) for T. molitor larvae meal had the lowest SIDC among the indispensable amino acids, while the arginine (0.92), phenylalanine (0.90), and lysine (0.89) had the highest SIDC among the indispensable amino acids. They indicated that the SIDC of lysine, methionine, threonine, and valine, considered the main limiting amino acids for broiler chickens, for T. molitor larvae meal, was comparable to that for soyabean meal and fishmeal. Therefore, T. molitor larvae could be considered as a reasonable protein source for broiler diets due to the good amino acid content and SIDC values of amino acids.
7. BENEFITS OF YELLOW MEALWORM AS A POULTRY FEED SOURCE
Yellow mealworms are gaining recognition as a valuable protein source in poultry diets, offering several benefits that enhance growth performance, meat quality, and sustainability.
7.1Nutritional Advantages
· High Protein Content: Yellow mealworms are rich in protein and essential amino acids, with a nutritional profile comparable to traditional feed sources like fish meal and soyabean meal. Their inclusion in poultry diets can significantly boost the protein intake of birds, which is crucial for their growth and development.
· Improved Growth Performance: Many studies indicate that incorporating T. molitor larvae meal can enhance broiler chicks' growth metrics, including increased body weight, average daily gain (ADG), and Feed conversion ratio (FCR), making it an efficient and alternate poultry feed source.
· Meat Quality: The addition of yellow mealworms does not adversely affect the chemical composition or sensory attributes of the meat. Research shows that the meat quality remains comparable to that of birds fed conventional diets, with no significant detriment to flavour or texture.
7.2 Economic and Environmental Sustainability
· [bookmark: _Hlk218102517]Cost-Effectiveness: As feed costs continue to rise, yellow mealworms present a more affordable alternative if they are cultivated at the farm level by recycling organic byproducts. Their ability to convert organic waste into high-quality protein can help reduce overall feed expenses for poultry farmers, particularly in regions where feed prices are a significant concern.
· Sustainable Farming Practices: The use of yellow mealworms contributes to more sustainable agricultural practices. They require less land and water than traditional livestock feed sources and can be reared on organic byproducts and waste, thereby supporting waste reduction efforts and promoting environmental sustainability.
8. IMPACT OF INCLUDING YELLOW MEALWORM MEAL IN POULTRY DIETS
[bookmark: _Hlk175079812]Free-range chickens and wild birds naturally consume insects; many researchers have evaluated the feasibility of supplementing poultry diets using insects such as maggot meal or mealworms (Bovera et al., 2016).T. molitor can be included in broiler starter diets without negatively affecting growth rate or showing signs of feed rejection because of palatability issues (Ramos-Elorduy etal., 2002). Furthermore, mealworm supplementation in poultry diets improves feed utilisation efficiency and growth performance (Hussain etal., 2017). 
Benzertiha et al. (2020) reported that the inclusion of full-fat T. molitor larvae meal from 0% to 0.3% in broiler diets increased the body weight gain (BWG), feed intake (FI), and FCR, and decreased weight of bursa of Fabricius. They also reported that the dietary inclusion of full-fat T. molitor larvae meal at 0.3% decreased the serum IgM and blood non-esterified fatty acids and increased the serum IL-2 and TNF-α. 
Sedgh-Gooya etal. (2020) reported that the inclusion of T. molitor larvae meal from 0 to 5% in broiler diets increased the BWG for 0 to 10 days, whereas it did not affect the daily FI, FCR, carcass yield and organ weights. Elahi etal. (2020) reported that increasing the inclusion of T. molitor larvae meal in broiler diets increased the BW, BWG, and FCR for 0 to 21 days but did not affect the growth performance for 21 to 42 d and 0 to 42 days. They also reported that the inclusion level of T. molitor larvae meal from 0 to 8% did not affect the weights of the breast, thigh, and organs and meat quality, including the meat colour, drip loss, cooking loss, and shear force.
In a study by Biasato et al. (2017) (study) it was suggested  that increasing T. molitor larvae meal inclusion levels in male broiler chickens' diets may improve body weight and feed intake but negatively affect feed efficiency and intestinal morphology. These results advanced the hypothesis that low levels of T. molitor meal inclusion (i.e., 5%) may be more suitable and confirm previous data concerning the safety of T. molitor utilization in poultry feed. Dietary T. molitor meal inclusion did not affect the histopathological features of the trial birds, thus suggesting no negative influence on animal health. Khan et al. (2017) reported that the meat of chickens fed mealworms was reportedly juicy and tender. Furthermore, it was noted that 10% inclusion of T. molitor produces a heavier gizzard, and small intestine weight increased as compared to other intestinal tracts (Ballitoc and Sun 2013).
Jiang et al. (2024) evaluated the impact of T. molitor larvae meal on broiler chickens' growth, serum biochemistry, and caecal metabolome. In the study, 600 broilers were divided into five groups, with diets including 0% (control), 3%, 5%, 7%, and 9% . T. molitor larvae  meal included in the basal diet for 70 days. The 3%T. molitor larvae group significantly improved body weight and average daily gain, reduced triglyceride levels and aspartate aminotransferase activity.The study concluded that 3% inclusion of T. molitor larvae meal enhances growth performance, improves nutrient absorption, and positively influences broilers' lipid, amino acid, and sugar metabolism.
Bovera et al. (2015) investigated replacing soyabean meal with T. molitor larvae meal in broiler diets. Eighty male broilers were divided into two groups, receiving either soyabean meal or T. molitor larvae meal as their protein source. The study found no difference in feed intake or growth rate between the groups. However, the T. molitor larvae group had a better FCR and a lower albumin-to-globulin ratio, indicating a stronger immune response, possibly due to the prebiotic effects of chitin. The study concluded that T. molitor larvae meal can effectively replace soyabean meal in broiler diets without affecting palatability or growth.
Sedgh-Gooya et al. (2021) studied the effects of adding powdered T. molitor larvae meal to the diets of laying hens. They tested 126 hens and divided them into a control group with a basal diet and two groups with 2.5% and 5% larvae meal added to the basal diet. Over eight weeks, they found that egg production, egg mass, and FCR improved with larvae meal, especially at the 2.5% inclusion level. Feed intake, egg weight, body weight gain, egg quality, and blood parameters remained unaffected. The study concluded that 2.5% T. molitor larvae meal can enhance laying hens' productivity without adverse effects. 
Khan et al. (2022) studied the effect of adding yellow mealworm scales to Japanese quail diets. They found that quails fed 3 g/kg of mealworm scales had lower feed intake but better weight gain, feed conversion ratio, and carcass quality compared to other levels and the control group. The study suggests that 3 g/kg of mealworm scales enhances quail growth and health and recommends further research on higher mealworm scales in poultry diets. 
9. CONCLUSIONS
Yellow mealworms are one of the alternate and nutritious poultry feed sources. They have a high quality and quantity of protein and amino acid profile, so they are considered a highly sustainable protein source for replacing soyabean meal or fishmeal to some extent. Their favourable amino acid profile, particularly high in essential amino acids, supports optimal growth and development in both broilers and layers. T. molitor larvae meal is a high-grade product that can be applied to poultry diets as a feed supplement. The  T.molitor larvae meal has the potential to be used as an additional source of nutrition to improve the growth performance, improve feed conversion ratios, carcass quality of poultry meat and to increase egg production. Cecropins and defensins in yellow mealworms target E. coli, fungi, yeasts, and protozoa. Adding T. molitor larvae meal to diets reduces antibiotic use and enhances flock immunity. The economic justification for using mealworms in the poultry diet includes their need for less space and water for breeding, commercial production capacity, and high conversion efficiency to produce high amounts of protein. Additionally, the economic viability of yellow mealworms as a feed source is reinforced by their ability to be cultivated on organic waste and byproducts with a low ecological footprint, contributing to waste reduction and promoting a circular economy in poultry farming. Top of Form

10. FUTURE PROSPECTS
With the increasing interest and demand for insects as a future feed resource, continuous investment and technological development in the insect industry are needed so that stable mass commercial production and reasonable prices can be obtained in the future. Ongoing research into optimizing the use of yellow mealworms in poultry nutrition is essential for unlocking their full potential. Further research is needed to determine the optimal inclusion level of T. molitor larvae meal, processing methods, and the effects of mealworm-based diets on poultry health, growth, and product quality. As more data becomes available, it will be possible to refine feeding strategies and maximize the benefits of incorporating yellow mealworms into poultry diets. The future of yellow mealworms as a nutritious poultry feed source looks is bright, with strong prospects for growth driven by their nutritional benefits, sustainability, economic advantages, and increasing acceptance. As the industry matures and more research is conducted, yellow mealworms could become a mainstream component of poultry feed, contributing to more sustainable and resilient food systems. Furthermore, promoting mealworm cultivation and improved preservation techniques will ensure a consistent and reliable source of income for individuals who raise these insects for use in poultry feed. There are great opportunities for entrepreneurship and business development in mealworm cultivation.
Note- Text in blue fonts may be included in text and red fonts may be deleted from manuscript.
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