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ABSTRACT 
	Poultry farming is one of the fastest-growing livestock subsectors in Tanzania, contributing significantly to food security, nutrition, employment, and rural livelihoods. However, its expansion is severely constrained by high feed costs, which account for 60–70% of total production expenses, largely due to reliance on conventional protein sources such as fishmeal and soybean meal. These feed ingredients are expensive, environmentally unsustainable, and often limited in supply. This review examines the potential of Black Soldier Fly (Hermetia illucens) larvae (BSFL) as a sustainable, locally producible alternative protein source for poultry feed in Tanzania. The paper synthesizes existing literature on the biology and production of BSF, optimal rearing conditions, substrate utilization, nutritional composition, digestibility, poultry performance outcomes, and the environmental and economic sustainability of BSFL production. This review synthesizes existing literature and identifies key research and policy gaps. Evidence indicates that BSFL are rich in protein (35–60%), lipids (15–40%), essential amino acids, minerals, and bioactive compounds, with high digestibility comparable to or exceeding that of fishmeal. Feeding trials demonstrate that partial or complete replacement of fishmeal or soybean meal with BSFL meal maintains or improves growth performance, feed conversion efficiency, egg production, gut health, and immunity in poultry. Additionally, BSFL production supports circular bioeconomy principles by converting organic waste into valuable feed and frass fertilizer, reducing waste volumes, greenhouse gas emissions, and overall feed costs. Despite these advantages, adoption of BSFL farming in Tanzania remains limited due to low farmer awareness, cultural perceptions, regulatory and policy gaps, inadequate technical capacity, limited access to finance, and underdeveloped markets. The review identifies key gaps and proposes integrated strategies for scaling up BSFL-based feed systems, including development of national guidelines and standards, integration into livestock development policies, strengthened research and technology transfer, private sector and development partner engagement, innovative financing mechanisms, and consumer sensitization. Coordinated implementation of these measures can enhance feed security, promote sustainable poultry production, and position Tanzania as a regional leader in insect-based feed systems aligned with Vision 2050 goals.
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1. INTRODUCTION 

Poultry farming is one of the fastest-growing and most important livestock enterprises in Tanzania, contributing substantially to household nutrition, food security and rural livelihoods (Msoffe and Ngulube 2017; De Bruyn et al., 2018; Ngongolo et al., 2020). However, this growth trajectory is constrained by many challenges, most notably the high and rising cost of poultry feeds, which accounts for 60-70 % of total production costs (Wilson et al., 2023). Conventional protein sources such as soybean meal and fishmeal are either imported or produced locally in limited quantities, creating supply bottlenecks and exposing farmers to volatile prices (Larive International, 2022; Wilson et al., 2023; TAFMA and Feed & Additive magazine, 2022). Fishmeal production, in particular, faces sustainability concerns due to overfishing and ecosystem degradation (Munguti et al., 2024), while soybean meal competes with human consumption and food crop cultivation for scarce land and water resources (Wilson et al., 2021). As a result, many poultry farmers struggle with low profit margins, reduced productivity, and limited opportunities for scale-up. Addressing these feed-related challenges is therefore critical to ensuring the long-term sustainability and competitiveness of the poultry subsector in Tanzania (Ringo and Lekule, 2020; Marwa, 2021).
Globally, the search for alternative protein sources has turned attention to insects, which offer unique advantages in terms of nutritional quality, feed conversion efficiency, and environmental sustainability. Among them, the Black Soldier Fly (Hermetia illucens) larvae (BSFL) have emerged as a particularly promising candidate for incorporation into animal feeds (Raman et al., 2022; Zulkifli et al., 2022). BSFL are rich in protein (35-60%), essential amino acids, fats and minerals, and can be produced locally using organic waste streams such as food residues, agro-industrial by-products, and livestock manure (Schneider et al., 2025). Beyond providing a sustainable feed source, BSFL production contributes to waste reduction, nutrient recycling and climate change mitigation through circular bioeconomy pathways (Bosch et al., 2019; Ramzy et al., 2025).
Despite their potential, like in other Sub-Saharan African countries (Nyamuhirwa et al., 2025), the integration of insect-based feeds in Tanzania remains at an early stage, hindered by many factors including limited awareness among livestock farmers and other stakeholders, regulatory gaps, and technical challenges in large-scale BSFL rearing and processing. Nevertheless, with increasing research interest, pilot initiatives and global momentum toward insect-based proteins, BSFL present a viable pathway for transforming poultry production in Tanzania.
This paper reviews the life cycle of Black Soldier Fly (BSF); production of BSFL; and the potential of BSFL as an alternative feed resource focusing on their nutritional, economic and environmental benefits, as well as the barriers to adoption of BSFL-based feed within the Tanzanian context. In addition to that, the article highlights opportunities for scaling up insect farming as part of a broader strategy for sustainable poultry production, enhanced food security and resilient rural livelihoods in the country.

2. BIOLOGY AND PRODUCTION OF BSF

The BSF (H. illucens) has gained global attention as a sustainable bio-converter of organic waste into high-value protein and lipid biomass for animal feed. Originally native to the Americas, the species is now cosmopolitan, thriving in tropical and subtropical environments (Diener et al., 2009). Unlike houseflies, adult BSF do not feed or transmit pathogens, as their short lifespan is primarily dedicated to mating and oviposition (Sheppard et al., 1994). The larval stage, which constitutes the major productive phase, has shown exceptional potential for valorizing organic waste streams while producing nutrient-rich biomass for poultry feed. 

2.1 LIFE CYCLE OF BSF

The BSF undergoes a complete metamorphosis comprising five developmental stages: egg, larva, prepupa, pupa and adult. Each stage is influenced by environmental conditions such as temperature, humidity and substrate quality. 
Adult females typically lay between 500 and 900 eggs in clusters, preferring crevices or dry surfaces adjacent to decomposing organic material (Tomberlin et al., 2002). The incubation period ranges from three to four days under optimal conditions of 27-30 °C and 60-70% relative humidity (RH). Eggs require sufficient moisture to prevent desiccation, and temperature directly affects embryonic development rate (Diener et al., 2009).
The larval stage is the most economically significant phase, lasting approximately 12-18 days under tropical conditions (Lalander et al., 2013). During this period, larvae feed on organic substrates such as food residues, livestock manure and agro-industrial by-products, converting them into high-protein biomass. The larval body typically contains 35-60% crude protein and 15-40% fat on a dry matter basis, depending on the substrate composition (Oonincx and Finke, 2021). The optimum rearing conditions for larval growth include a temperature range of 27-35 °C, 60-70% RH and substrate moisture content of 60-70% (Čičková et al., 2015). Excess moisture can lead to anaerobic conditions and larval mortality, whereas dryness slows growth and feeding activity.
When larvae reach their maximum size, they enter the prepupal stage, characterized by cessation of feeding and migration to drier, darker areas for pupation. The cuticle darkens during this phase and the larvae reduce mobility (Dortmans et al., 2017). This behavior allows for the design of self-harvesting systems that exploit the natural migration tendency of prepupae, thus reducing labor in production systems.
The prepupae transform into pupae within 6-10 days, depending on ambient conditions. No feeding occurs at this stage; instead, metamorphosis into the adult fly takes place (Holmes et al., 2012). Temperature and humidity are critical during pupation, as extreme conditions can reduce emergence rates or cause deformations in adults.
The adult BSF emerges from the pupal case and reaches sexual maturity within 24-48 hours. Mating usually occurs in the presence of natural or artificial light at intensities of 2000-4000 lux and temperatures between 25-30 °C (Tomberlin et al., 2002). Adults rely on water and humidity rather than food intake for survival, with a typical lifespan of 8-10 days. Females oviposit within four to five days post-emergence, completing the life cycle. Under optimal tropical conditions, one generation of BSF can be completed in approximately 30-45 days (Lalander et al., 2013).

2.2 Optimal Conditions for BSFL Rearing  

Efficient rearing of BSFL requires control of key abiotic and biotic factors that influence survival, growth rate and biomass yield. Temperature and relative humidity are the most influential parameters. Optimum larval growth occurs at 27-35 °C, while growth slows significantly below 20 °C and mortality increases above 37 °C (Čičková et al., 2015). Relative humidity should be maintained at 60-70% to support egg hatching and larval survival. Substrate moisture between 60-70% ensures sufficient microbial activity and larval feeding efficiency (Gold et al., 2019).
BSFL can tolerate a wide pH range of 6.0-8.0, though slightly acidic conditions favor substrate degradation and microbial symbiosis. The depth of substrate should ideally be maintained between 5 and 10 cm to allow aeration and reduce heat buildup (Dortmans et al., 2017). Larval stocking density, another critical factor, is usually set at 5-10 g of larvae per 100 g of substrate; overcrowding can cause overheating and nutrient competition. Light exposure is primarily required for the adult stage as mating behavior is light-dependent (Tomberlin et al., 2002).

2.3 Substrate Utilization and Feed Conversion

BSFL exhibit remarkable plasticity in substrate utilization, feeding efficiently on diverse organic wastes, including kitchen refuse, market waste, animal manure, brewery residues and agricultural by-products (Nyakeri et al., 2017). The feed conversion ratio (FCR) of BSFL is highly dependent on substrate composition, moisture and larval density (Hosseindoust et al., 2024). Typically, the larvae can reduce organic waste mass by 50-70% while converting 20% into larval biomass and 30% into frass (Diener et al., 2011). The frass, rich in nitrogen, phosphorus and potassium, serves as an organic fertilizer, closing the nutrient cycle and supporting sustainable agriculture.
Furthermore, BSFL can be reared using regionally available materials, promoting localized circular economies. Studies have shown that the efficiency of conversion and the nutritional profile of larvae can be optimized by adjusting substrate protein and carbohydrate ratios (Gold et al., 2019). This flexibility makes BSFL production systems adaptable for both small-scale farmers and commercial feed producers in Tanzania.

2.4 Practical BSFL Rearing Systems and Scalability

Rearing systems vary from smallholder setups to large-scale industrial facilities. Small-scale systems often utilize simple containers or bins made of plastic or wood, relying on natural temperature and humidity conditions. These systems are suitable for rural communities and small poultry producers seeking affordable protein sources. Medium and large-scale operations integrate controlled environmental systems, self-harvesting mechanisms and automated feeding, which improve consistency and yield (Dortmans et al., 2017).
From a sustainability perspective, BSFL farming contributes to waste valorization, environmental protection and livelihood improvement. In the Tanzanian context, where organic waste from households, markets and agro-processing is abundant, BSFL farming presents a practical approach to circular bioeconomy. By integrating BSFL rearing into local poultry feed systems, farmers can reduce feed costs while mitigating waste management challenges.
3.0 NUTRITIONAL PROFILE AND BENEFITS OF BSFL FOR POULTRY

The BSFL are increasingly recognized as a sustainable, locally available and nutritionally rich alternative protein source for poultry feed formulation. Their nutrient composition, digestibility and functional bioactive compounds make them a suitable replacement for conventional ingredients such as fishmeal and soybean meal, which are costly and environmentally burdensome (Makkar et al., 2014; Barragan-Fonseca et al., 2017).

3.1 Nutritional Composition

BSFL are rich in high-quality protein and lipids, essential amino acids, minerals and bioactive compounds that support poultry growth and health. Reported crude protein content ranges from 35% to 60% dry matter (DM) depending on the substrate and processing method (Oonincx et al., 2015). Crude fat content varies between 15% and 40% DM, offering an additional energy source for poultry. The larval protein fraction is particularly rich in essential amino acids such as lysine, methionine, threonine and valine, comparable to fishmeal and superior to many plant-based feedstuffs (Barragan-Fonseca et al., 2017).
Mineral composition studies indicate significant levels of calcium (5-8%), phosphorus (0.6-1.2%), magnesium and trace elements such as zinc and iron, making BSFL an ideal feed ingredient for bone development and egg production (Spranghers et al., 2017). The Ca:P ratio (5:1) in BSFL is beneficial for layer diets, although adjustments may be needed for broiler rations to maintain balanced phosphorus availability.
BSFL also contain chitin, a polysaccharide in the exoskeleton, constituting about 5-10% of dry mass. While chitin is indigestible by monogastric animals, it has been shown to enhance gut health, modulate immune response and act as a natural prebiotic when included at moderate levels (Gasco et al., 2020). Proximate composition of BSFL is shown in Table 1.

Table 1: Typical Proximate Composition of BSFL (Dry Matter Basis)

	Component
	Range (%)
	Reference

	Crude Protein
	35-60
	Makkar et al., 2014; Oonincx et al., 2015; Limbu et al., 2022; Salinas et al., 2023 

	Crude Fat
	15-40
	Spranghers et al., 2017; Limbu et al., 2022; Salinas et al., 2023; Mašková et al., 2025

	Ash
	10-20
	Diener et al., 2009

	Fiber (chitin)
	5-10
	Gasco et al., 2020; Limbu et al., 2022

	Calcium
	5-8
	Spranghers et al., 2017

	Phosphorus
	0.6–1.2
	Oonincx & Finke, 2021


3.2 Digestibility and Amino Acid Profile
The digestibility of BSFL protein is generally high, with reported values of 80-95%, comparable to or exceeding that of fishmeal (Makkar et al., 2014). Amino acid analysis shows that BSFL contain all essential amino acids required by poultry, particularly high concentrations of lysine (4.2-6.0%) and methionine (1.2-2.0%) on a protein basis (Barragan-Fonseca et al., 2017). This profile supports optimal growth performance and muscle development in broilers and improved egg mass in layers. However, the amino acid composition and digestibility can vary with the rearing substrate and processing methods (drying, defatting, or fermentation). For instance, defatted BSFL meals tend to have higher protein concentration (up to 60%) but lower energy content, making them more suitable for protein balancing in poultry feed (Elwert et al., 2010).



3.3 Growth Performance and Feed Conversion in Poultry

Several feeding trials have demonstrated that partial or full replacement of fishmeal or soybean meal with BSFL meal does not compromise poultry growth or production performance. Studies report that broilers fed diets containing up to 50% BSFL protein substitution achieved comparable body weight gain, feed intake, and FCR to those on conventional diets (Maurer et al., 2016; Adam., 2024). In layers, partial inclusion of BSFL meal (10–15%) has been associated with increased egg weight, improved shell thickness, and enhanced yolk color due to carotenoid pigments in larvae (Cullere et al., 2016). BSFL oil, when included as a lipid source, can further enhance energy density in poultry diets and contribute to better growth performance.
Furthermore, BSFL-based diets have been linked to improved gut morphology and immunity, reducing the need for antibiotic growth promoters. Chitin and antimicrobial peptides found in BSFL are believed to contribute to these benefits (Gasco et al., 2020).

3.4 Fatty Acid Composition and Health Benefits

BSFL lipids are rich in lauric acid (C12:0), which constitutes 40-60% of total fatty acids (Spranghers et al., 2017). Lauric acid possesses potent antimicrobial properties that inhibit harmful gut bacteria such as Salmonella and Clostridium perfringens (Li et al., 2011). This contributes to improved poultry health and feed efficiency. The fatty acid profile of BSFL can be manipulated by modifying the rearing substrate. Diets rich in unsaturated fats (e.g., vegetable residues) can increase the proportion of oleic and linoleic acids in BSFL oil (Oonincx & Finke, 2021). Such flexibility provides opportunities to tailor BSFL nutritional profiles to specific poultry production needs, such as energy-dense diets for broilers or omega-3-enriched eggs for human health markets.

3.5 Safety and Feed Quality Considerations

From a food safety perspective, BSFL are considered safe when reared under hygienic and controlled conditions. They are efficient bio-converters of organic matter but can accumulate heavy metals if fed on contaminated substrates (Lalander et al., 2013). Therefore, substrate selection and quality control are critical. Heat treatment or drying at ≥90 °C effectively inactivates pathogens and preserves feed quality (EFSA, 2015). BSFL meal has good shelf stability, and defatted forms exhibit longer storage life due to reduced lipid oxidation. Incorporation of antioxidants during processing can further improve feed stability and safety.



4.0 ENVIRONMENTAL AND ECONOMIC SUSTAINABILITY OF BSFL PRODUCTION
The integration of BSFL production into poultry feeding systems offers significant environmental and economic advantages, particularly in countries like Tanzania, where feed costs are high and organic waste management remains a persistent challenge. BSFL production embodies principles of circular bioeconomy, turning organic residues into high-value protein while simultaneously reducing environmental pollution and operational costs.

4.1 Organic Waste Management
Tanzania generates substantial amounts of organic waste from households, markets, agro-processing industries and livestock operations. Traditional disposal methods, such as open dumping or burning, contribute to greenhouse gas emissions, water contamination and disease spread. BSFL provide an environmentally friendly solution by bio-converting these wastes into larval biomass and frass, effectively reducing waste volume by 50-70% within 10-18 days (Diener et al., 2011; Lalander et al., 2013). The larvae consume a wide range of substrates, including vegetable market residues, food processing by-products and livestock manure, making them versatile agents in organic waste valorization (Nyakeri et al., 2017). The residual frass is a nutrient-rich organic fertilizer containing nitrogen, phosphorus and potassium, which can be applied to crops, reducing the need for synthetic fertilizers and promoting sustainable soil management (Lalander et al., 2013).
4.2 Reduction of Greenhouse Gas Emissions
BSFL rearing reduces environmental impact by lowering methane and nitrous oxide emissions associated with traditional waste decomposition methods such as landfilling or unmanaged manure heaps. Compared to conventional protein sources such as fishmeal or soybean meal, BSFL production requires less land, water and energy, resulting in a smaller carbon footprint (Makkar et al., 2014; Oonincx et al., 2015). Life-cycle analyses indicate that substituting BSFL for 50% of conventional protein in poultry feed can reduce CO₂-equivalent emissions by up to 30-40% per ton of feed (Barragan-Fonseca et al., 2017).
4.3 Contribution to Circular Economy
BSFL farming exemplifies circular bioeconomy principles by closing nutrient loops. Organic waste streams are converted into larval protein for poultry and frass fertilizer for crop production; linking livestock, crop production, and waste management systems (Dortmans et al., 2017). In Tanzania, this approach aligns with national sustainable agriculture goals, reducing dependency on imported feed ingredients while addressing waste management challenges in urban and peri-urban areas.
4.4 Reduction in Feed Costs
Feed represents the largest cost component in Tanzanian poultry production, often accounting for 60-70% of total production expenses (FAO, 2021). BSFL offer a locally producible, nutrient-dense alternative protein source, capable of replacing part of soybean meal or fishmeal. Smallholder farmers can use kitchen waste, market refuse, and poultry manure as substrates to produce larval biomass, significantly lowering feed costs (Nyakeri et al., 2017). Studies have shown that replacing 20-50% of conventional protein with BSFL meal can reduce overall feed costs by 10-25%, depending on substrate availability and processing methods (Adam et al., 2024).
4.5 Income Generation and Employment
BSFL production creates income opportunities for smallholders and entrepreneurs, particularly women and youth, who can collect organic waste, manage larval rearing and sell larvae to poultry farmers. Medium-scale production facilities can integrate automated feeding and self-harvesting systems, generating employment in waste collection, processing and logistics (Diener et al., 2011).
4.6 Potential for Local Industry Development
The BSFL industry provides a platform for value-added feed production, contributing to local industrial development. With increasing poultry demand in Tanzania, commercial-scale BSFL operations can supply poultry feed mills, reducing dependence on imported fishmeal and soy products. This can lead to enhanced food security, local economic growth and price stabilization for poultry products.
5.0 ADOPTION AND CHALLENGES OF BSFL FARMING IN TANZANIA
Despite the increasing global interest in BSFL as a sustainable protein source for animal feed, its adoption in Tanzania remains in its early stages. Although a few research institutions, startups and development organizations have initiated pilot projects, the majority of smallholder farmers are still unfamiliar with BSFL farming techniques and benefits. The challenges of BSFL farming in Tanzania are as described below:
5.1 Limited Farmers Awareness
Most Tanzanian poultry farmers, particularly smallholders, have limited knowledge about insect farming technologies and their potential role in feed cost reduction and waste management. Traditional feed sources such as maize bran, sunflower cake and fishmeal remain dominant, while the concept of BSFL as an alternative feed ingredient is still relatively new. The lack of extension services and training programs dedicated to insect farming has contributed to slow dissemination of knowledge. 

5.2 Research-Farmer Disconnect
Although research on BSFL has been conducted in Tanzania by institutions like the University of Dar es Salaam (UDSM), Tanzania Livestock Research Institute (TALIRI), and Tanzania Fisheries Research Institute (TAFIRI) (Ouma et al., 2025); UDSM in collaboration with the Swedish University of Agricultural Science and the Swiss Federal Institute of Aquatic Science and Technology (Isibika et al., 2023); Ardhi University (AU) in collaboration with the University of Calgary, University of Bonn, AMREF Health Africa Tanzania, and the Environmental Resources Consultancy based in Dar es Salaam, Tanzania; and currently there is a project being implemented by the International Livestock Research Institute (ILRI) (Ouma et al., 2025; Ouma and Lukuyu 2025),  the results are rarely translated into farmer-friendly guidelines or demonstration models. 
5.3 Insufficient Gender and Youth Inclusion in BSFL Enterprises
BSFL farming presents an opportunity for gender and youth empowerment due to its low capital requirement, minimal land use, and potential for integration with household waste systems (Chia et al., 2018). However, gender norms and limited access to credit often restrict women’s participation in agribusiness ventures. Promoting women- and youth-led BSFL enterprises can enhance household income and promote social inclusion. Incorporating BSFL farming into youth agribusiness incubation programs can foster innovation and entrepreneurship in waste recycling and feed production.


5.4 Cultural Perceptions
Cultural attitudes toward insects can also influence adoption. While insects such as grasshoppers are widely accepted as food in Tanzania, the use of insect-derived ingredients in animal feed may initially face skepticism among farmers and consumers. Lack of Technical Knowledge and Infrastructure
Effective BSFL farming requires understanding optimal rearing conditions, such as temperature control, substrate composition, moisture and hygiene management. Smallholder farmers often lack access to training, equipment and reliable substrates, making large-scale or consistent production difficult (Makkar et al., 2014). Additionally, post-harvest processing (drying, grinding, packaging) is a major challenge, as it requires basic machinery and energy sources that may be unavailable in rural areas.
5.5 Financial and Market Constraints
Initial investment costs for setting up BSFL units, though lower than most livestock enterprises, can still be a barrier for low-income farmers. Access to credit facilities and microfinance support for small-scale insect farming is limited in Tanzania. Moreover, the absence of established markets for BSFL products (larvae, frass, or formulated feed) reduces farmers’ incentives to invest in BSFL production. Until a stable supply chain and pricing structure are developed, many potential adopters will remain hesitant.
5.6 Institutional and Policy Challenges
The absence of a formal regulatory framework for insect farming and feed inclusion in Tanzania further constrains adoption. Without clear guidelines, quality standards, or legal recognition, many potential investors perceive the sector as risky. Additionally, weak institutional coordination among government agencies, research institutions and private actors limits the development of national strategies for BSFL integration into livestock systems.

6.0 LITERATURE SYNTHESIS 
The reviewed literature demonstrated the importance of the poultry subsector in Tanzania, nutritional profile and benefits of BSFL for poultry, as well as environmental and economic sustainability of BSFL production in Tanzania; indicating that BSFL is a potential alternative poultry feed resource to conventional protein sources particularly fishmeal and soybean meal. However, insufficient participatory research on BSFL involving livestock farmers and other stakeholders; insufficient interventions to disseminate BSFL-based feed to livestock farmers and other stakeholders; lack of national guidelines and standards for use of BSFL as feed ingredients; lack of BSFL farming in the national livestock development strategies; lack of engagement of the private sector, development partners, and non-governmental organizations (NGOs); insufficient digital and innovative funding platforms; and insufficient consumer sensitization on the quality and safety of poultry products raised on BSFL-based feed were identified as the main gaps towards sustainable integration of BSFL into poultry feed systems in Tanzaia.     
The sustainable integration of BSFL into poultry feed systems in the country requires a coordinated and multi-sectoral strategy encompassing policy support, innovation and partnerships. Although BSFL farming presents a viable solution to feed shortages and environmental degradation, scaling up its adoption will depend on enabling frameworks that promote investment, awareness, and institutional collaboration. In order to bridge the gaps, implementation of the following strategies could be the way forward:
6.1 Development of National Guidelines and Standards for Production, Processing, and Use of Insects in Animal Feed
Currently, Tanzania lacks a formal policy or legal framework governing the production, processing and use of insects in animal feeds. The absence of standards creates uncertainty among producers, feed manufacturers and consumers. To address this gap, the Tanzania Bureau of Standards (TBS) could collaborate with research institutions and regional bodies to establish quality and safety standards for BSFL-based feed ingredients, certification protocols for production facilities to ensure hygiene and traceability, and regulations recognizing insect-based proteins as legitimate feed materials under the Livestock Policy and Feed Act. Such measures would enhance investor confidence, facilitate trade and align Tanzania with the international standards on novel feed ingredients.

6.2 Integration of BSFL farming in the National Livestock Development Strategies
BSFL farming should be embedded into existing national livestock and feed development programs such as the Tanzania Livestock Master Plan (TLMP) and Agricultural Sector Development Programme II (ASDP II). This integration will recognize BSFL as a climate-smart feed innovation, encourage funding allocation for research and extension services and support local governments to promote insect farming under community-based agribusiness programs. This policy alignment is essential for scaling up insect-based feed technologies within Tanzania’s broader agenda of sustainable agriculture and food security.
6.3 Strengthening Research and Technology Transfer
Research institutions such as TALIRI, AU, UDSM, TAFIRI, ILRI, AMREF Health Africa Tanzania, and Sokoine University of Agriculture (SUA) play a pivotal role in developing context-specific innovations for BSFL production. Key areas for advancement include optimizing substrate compositions using locally available organic wastes (e.g maize husks, brewery waste, vegetable residues), enhancing larval growth and conversion efficiency under Tanzanian climatic conditions, developing low-cost drying and processing technologies for rural farmers and establishing feed formulation databases incorporating BSFL meal for broilers, layers and indigenous chicken systems. 
In order to strengthen research and technology transfer more participatory research on BSFL involving livestock farmers; and interventions to disseminate the technologies (BSFL-based feed) to livestock farmers and other stakeholders through different dissemination pathways including agricultural exhibitions, trade fairs, and farmers field school are required. Partnerships between academia, the private sector and local communities can facilitate technology transfer. 
6.4 Strengthening Digital and Innovative Financing Platforms
Digital innovations can boost the BSFL sector by connecting producers, feed manufacturers and consumers. Potential interventions include mobile-based advisory platforms providing technical guidance and market information, crowd funding and microfinance schemes that allow youth and women entrepreneurs to access startup capital and block chain traceability systems to ensure transparency and safety of BSFL-derived feeds. These innovations can enhance efficiency, build trust and create inclusive participation across the value chain.
6.5 Private Sector, Development Partners, and NGOs Engagement
The private sector plays a critical role in scaling BSFL production through investment, market creation and supply chain development. Feed manufacturers, hatcheries and poultry associations such as the Tanzania Poultry Association (TPA) can partner with smallholder BSFL producers to establish contract farming schemes that ensure steady supply and fair pricing. Moreover, agribusiness incubators and innovation hubs can support start-ups with technical and business management training to enhance competitiveness and sustainability.
Development organizations such as FAO, IFAD, SNV, and Heifer International have experience of supporting inclusive agribusiness models. Their involvement in capacity building, pilot projects, and market linkage can accelerate BSFL adoption. Collaborative projects focusing on waste-to-feed systems can demonstrate how BSFL farming supports circular economies, aligns with SDG 12 (Responsible Consumption and Production), and contributes to climate resilience (SDG 13).
6.6 Strengthening Consumer Sensitization on Quality and Safety of Poultry Products Raised on BSFL-based Feed
Efforts must also focus on consumer confidence in poultry products raised on BSFL-based feeds. Public education campaigns should emphasize that BSFL meal is safe, nutritious and environmentally sustainable, helping to build market demand and social acceptance.

7. Conclusion

In conclusion, BSFL present a transformative opportunity for Tanzania to achieve feed security, environmental sustainability and rural empowerment. By embracing this innovation through supportive policies, strategic investments and strong partnerships, Tanzania can position itself as a regional leader in sustainable livestock production and circular bioeconomy development.
A well-coordinated national approach-anchored in science, inclusivity and sustainability will be crucial to realize the full potential of BSFL in advancing Tanzania’s poultry sector and contributing to achievement of the country’s Vision 2050 goals of green growth and resilient food systems. 
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