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Abstract
The escalating costs and inconsistent availability of conventional poultry feed ingredients, notably maize and soybean meal, have prompted Nigerian poultry producers to explore alternative feed ingredients (AFIs), including agro-industrial by-products. While AFIs offer notable economic incentives, their potential biochemical impacts on poultry health warrant careful evaluation. This review synthesizes current knowledge on the biochemical responses of poultry to common AFIs utilized in Nigeria—specifically cassava peels, palm kernel cake, moringa leaf meal, maggot meal, and brewers' dried grains. Focus is placed on critical markers such as liver enzymes (AST, ALT, ALP), oxidative stress indicators (MDA, catalase, SOD), serum lipid profiles, and immune function parameters. Evidence indicates that while certain AFIs enhance antioxidant defenses and reduce feed costs, others—particularly when improperly processed or used at excessive levels—may precipitate liver dysfunction, lipid imbalances, or compromised nutrient assimilation. These findings highlight the necessity of incorporating biochemical assessments into feed evaluation protocols. The review further advocates for integrative research linking biochemical markers with performance outcomes to define safe inclusion thresholds and support the sustainable advancement of poultry production systems in Nigeria.
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1. Introduction
Poultry production forms a critical part of Nigeria’s livestock industry, playing a major role in enhancing food security, creating employment opportunities, and supporting household incomes. Yet, feed remains the single largest expense in poultry farming, accounting for up to 70% of total production costs (Olomu, 2011). Traditionally, Nigerian poultry diets have depended heavily on maize and soybean meal. However, this reliance has increasingly been undermined by volatile market prices, seasonal supply disruptions, and growing competition between animal feed industries and human food demands.
In response, attention has shifted toward the use of alternative feed ingredients (AFIs)—locally available, non-conventional feed resources—as a strategy to reduce costs and enhance the sustainability of poultry production (Esonu et al., 2007;.,Olowoyeye et al., 2019). Among the promising candidates are cassava peels, palm kernel cake (PKC), moringa leaf meal, insect meals, and brewers' dried grains (BDG), each offering potential as affordable sources of energy and protein.	Comment by DELL: remove
However, much of the existing research on AFIs has concentrated narrowly on external performance indicators such as growth rate, feed intake, and feed conversion efficiency. While valuable, this performance-focused approach often overlooks critical internal physiological responses that determine animal health, welfare, and long-term productivity. Biochemical evaluations—analyzing liver and kidney function markers, immune system parameters, and antioxidant status—provide a more comprehensive understanding of how AFIs influence metabolic health in poultry ( Amevor et al., 2025).
This review seeks to address this gap by examining the biochemical impacts of commonly used AFIs within the context of Nigerian poultry nutrition. Specifically, it evaluates changes in blood biochemistry and tissue biomarkers that signal physiological status and potential toxicological risks associated with AFI inclusion. By integrating these insights, the review aims to inform not only academic research and feed formulation practices but also regulatory standards and farmer education initiatives to promote safer, more sustainable poultry production systems.
2. Overview of Common Alternative Feed Ingredients in Nigeria
2.1 Cassava Peels and Fermented Cassava Products
Cassava peels, an abundant agro-industrial by-product, are widely available in Nigeria due to the extensive cultivation and processing of cassava. They offer a low-cost alternative to maize in poultry diets and have become increasingly attractive to feed millers aiming to reduce production costs (Bello et al., 2015). Fermentation, particularly when cassava peels are combined with palm kernel cake, has been shown to enhance their nutritional profile, allowing up to 50% substitution of conventional energy sources without negatively affecting growth performance (Obongekpe, 2020). However, cassava peels naturally contain cyanogenic glycosides, which can be toxic if improperly processed. Traditional methods such as sun-drying, soaking, boiling, or ensiling have been proven effective in significantly reducing cyanide content to safe levels for animal consumption (Okah & Ebere, 2017). Nonetheless, their high fiber content remains a constraint in poultry diets, necessitating the use of fiber-degrading enzymes or supplementation with protein-rich ingredients to improve overall digestibility.
2.2 Palm Kernel Cake (PKC)
Palm kernel cake (PKC) is another widely utilized by-product in Nigerian poultry nutrition, valued for its affordability and consistent availability. Despite its economic benefits, PKC presents limitations due to its high fiber content and relatively low lysine levels, both of which can impair nutrient digestibility and protein quality (Moseri et al., 2020). To address these challenges, processing methods such as microbial fermentation and enzyme supplementation are commonly employed. Fermentation, in particular, has been shown to improve nutrient bioavailability by breaking down fibrous components and enhancing protein digestibility. Studies indicate that diets incorporating fermented PKC—especially when combined with cassava peels—yield improved carcass quality and favorable blood profiles in both pigs and poultry, supporting its safe and efficient utilization (Obongekpe, 2020).
2.3 Moringa oleifera Leaf Meal
Moringa oleifera leaf meal (MOLM) offers an excellent source of protein, often exceeding 25% crude protein content, and is rich in vitamins, minerals, and bioactive antioxidants such as flavonoids and phenolic acids. In poultry and ruminant diets, MOLM supplementation has been associated with enhanced weight gain, improved immune responses, and increased antioxidant capacity (Adegun et al., 2011). However, the presence of anti-nutritional factors such as tannins and saponins at high inclusion rates may impair nutrient absorption. Evidence suggests that inclusion levels up to 10–15% in poultry diets are safe and do not adversely affect growth performance, egg production, or other productive parameters (Akintunde & Toye, 2022).
2.4 Maggot Meal and Insect-Based Protein Sources
Maggot meal, primarily derived from the larvae of the housefly (Musca domestica), has emerged as a promising alternative protein source in poultry diets. With crude protein content reaching up to 60% and a favorable amino acid profile, maggot meal effectively supports growth and feed conversion in both broilers and layers when included at appropriate levels (Awoniyi et al., 2004). Despite its nutritional benefits, public perception and consumer acceptance of insect-based proteins remain significant barriers to widespread adoption. Additionally, improper processing or inadequate storage practices can lead to microbial contamination and the accumulation of harmful toxins. As such, ensuring hygienic production and handling practices is critical to the safe and effective use of maggot meal in poultry feed formulations.	Comment by DELL: at what appropriate level???
2.5 Brewers’ Dried Grains (BDG)
Brewers’ dried grains (BDG), a by-product of the beer brewing industry, are readily available across Nigeria and offer a valuable nutritional profile characterized by 20–25% crude protein, moderate fiber, and residual energy. The inclusion of BDG in poultry diets has been shown to improve cost efficiency without compromising performance when incorporated at rates up to 20% (El-Hack et al., 2019). However, one of the major concerns associated with BDG use is the risk of mycotoxin contamination, particularly under poor storage conditions. High moisture content and inadequate drying facilitate the growth of fungi, notably Aspergillus species, which produce aflatoxins detrimental to poultry health. Proper drying, handling, and storage protocols are therefore essential to ensuring the safety and quality of BDG intended for feed use.	Comment by DELL: Need explore more literature with inclusion rate

3. Biochemical Parameters in Poultry Nutrition Studies
Biochemical parameters offer critical insights into the internal physiological responses of poultry to dietary interventions. Unlike growth performance metrics, which often reflect outcomes only after prolonged exposure, biochemical markers can provide early warnings of toxicity, metabolic stress, or, conversely, improvements in health and resilience. They serve as valuable tools in evaluating the safety, efficacy, and physiological impacts of alternative feed ingredients (AFIs) and other nutritional strategies.
3.1 Enzymatic Activity (Amylase, Protease, Lipase)
Digestive enzymes such as amylase, protease, and lipase play essential roles in nutrient assimilation in poultry. Supplementation with exogenous enzymes, particularly in young broilers with immature digestive systems, has been shown to enhance nutrient utilization. For instance, the addition of multi-enzyme blends to corn–soybean diets significantly improved the digestibility of starch and protein in broilers, achieving ileal digestibility rates of approximately 97.7% for starch and 80–83% for protein (Slominski et al., 2006). Although the direct impact on overall growth performance was modest, the findings emphasize the role of enzyme activity in optimizing feed efficiency and nutrient availability.
3.2 Liver Function Enzymes (AST, ALT, ALP)
Liver function enzymes—specifically aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP)—are reliable indicators of hepatic health and metabolic status. Nutritional stressors, including heat exposure and dietary imbalances, can significantly alter these enzymes' activity. In broilers subjected to acute heat stress, elevated levels of ALT, AST, and ALP were observed, signaling hepatic strain and potential organ dysfunction (Huang et al., 2017). Conversely, dietary supplementation with natural extracts such as Urtica dioica (nettle) has demonstrated hepatoprotective effects by reducing these enzyme levels (Behboodi et al., 2021), underscoring the potential of phytogenic additives in mitigating metabolic stress.
3.3 Oxidative Stress Markers (MDA, SOD, GPx, Catalase)
Oxidative stress is a major factor affecting poultry health, and it is typically assessed through markers such as malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase activities. High oxidative stress leads to lipid peroxidation, damaging cellular membranes and impairing physiological functions. Nutritional interventions with antioxidant-rich additives, such as Moringa and nettle extracts, have been shown to enhance endogenous antioxidant defenses. Broilers receiving 0.25 ml/L of nettle extract exhibited increased serum SOD activity and total antioxidant capacity, coupled with a significant reduction in lipid peroxidation markers (Behboodi et al., 2021), demonstrating the protective role of natural antioxidants in poultry diets.

3.4 Lipid Profile (HDL, LDL, Total Cholesterol)
Alterations in lipid metabolism are closely tied to both genetic factors and dietary composition. In broiler lines selected for fat content, birds with a predisposition for fat deposition exhibited higher high-density lipoprotein (HDL) levels and HDL-to-low-density lipoprotein (LDL) ratios, but lower LDL and total cholesterol levels (Dong et al., 2015). This suggests that lipid profiles can serve as predictive biomarkers for fat deposition traits. Moreover, supplementation with Urtica dioica extract has been shown to lower serum cholesterol and triglyceride levels in broilers, thereby potentially improving meat quality and reducing the risk of lipid-related disorders (Behboodi et al., 2021).	Comment by DELL: HDL:LDL
3.5 Serum Protein Levels (Albumin, Globulin)	Comment by DELL: Relation of S Protein to physiology???
Serum proteins, including albumin and globulin, reflect the protein metabolic status and immune competence of poultry. Dietary interventions using biofortified maize and natural additives have been associated with increases in total protein, albumin, and globulin concentrations without adverse effects (Odunitan-Wayas et al., 2018; Behboodi et al., 2021). For example, nettle extract supplementation elevated serum albumin levels while concurrently reducing urea concentrations and liver enzyme activities, suggesting improved protein metabolism and hepatic function.
3.6 Immune Function Indicators (IgG, IgA, WBC Count)
Assessment of immune function through immunoglobulin levels (IgG, IgA) and white blood cell (WBC) counts provides important insights into the immunomodulatory effects of dietary components. Natural additives such as Moringa and hot red pepper have been shown to enhance both innate and adaptive immune responses, as evidenced by increased IgG production and elevated WBC counts in supplemented birds (Khan et al., 2021; Adedoyin et al., 2019). Importantly, these immunostimulatory effects were achieved without adverse impacts on liver or kidney function, supporting the safety and efficacy of phytogenic additives in promoting poultry health.	Comment by DELL: ????
4. Biochemical Impacts of Specific Alternative Feeds
4.1 Effects of Cassava By-Products
Detoxification Impact on Liver Enzymes
Cassava by-products, particularly peels and pulp, are rich in energy but naturally contain cyanogenic glycosides that can pose toxicity risks if not properly processed. Nonetheless, studies have demonstrated that controlled inclusion of hydrolyzed or fermented cassava peel meal preserves liver integrity. Feeding broilers with Aspergillus niger-hydrolyzed cassava peel meal, even at inclusion levels up to 50%, maintained normal liver collagen and reticulin structures, indicating the absence of liver damage (Muhammed et al., 2016). Histological assessments further confirmed no significant hepatic lesions at moderate cassava inclusion rates (Adeyemo et al., 2014).
Role of Fermentation in Improving Bioavailability and Reducing Stress Markers
Fermentation significantly improves the nutritional quality of cassava by reducing anti-nutritional factors and enhancing nutrient digestibility. For example, cassava pulp fermented with Acremonium charticola reduced oxidative stress markers and improved crude protein content in broiler meat (Sugiharto et al., 2017). A recent meta-analysis also found that fermented cassava diets elevated serum protein levels and enhanced white blood cell counts in poultry, suggesting improved immune function and nutrient utilization (Ogbuewu et al., 2023).
4.2 Impact of Palm Kernel Cake (PKC) and Other Fibrous Ingredients
Liver Enlargement and Enzyme Elevation Due to Fibrous Overload
High-fiber feed ingredients such as PKC can impose significant metabolic strain on poultry, leading to compensatory liver enlargement and elevated liver enzyme activities. In broilers, liver weight was found to increase significantly with higher PKC inclusion rates, particularly when diets lacked supplemental enzymes (Hakim et al., 2022). Additionally, in vitro studies demonstrated that unprocessed PKC could induce oxidative stress in hepatocytes, highlighting the importance of appropriate processing (Oskoueian et al., 2014).
Effect of Enzyme Supplementation
The incorporation of fiber-degrading enzymes such as mannanase, cellulase, and protease has proven effective in mitigating the adverse effects of PKC. Enzyme supplementation improved average daily gain (ADG), feed conversion ratio (FCR), and carcass yield in broilers fed diets containing 10–20% PKC, without compromising liver health (Zubaidah et al., 2024). Further improvements were noted when PKC was combined with xylanase, promoting gut microbial balance and enhancing nutrient digestibility (Okukpe et al., 2019). Techniques like sieving to remove shell particles, coupled with enzyme supplementation, have also been shown to increase crude protein availability while reducing fibrous load on internal organs (Sinurat et al., 2013).
4.3 Antioxidant Potential of Moringa
Effects on Oxidative Stress Parameters
Moringa oleifera leaf supplementation has exhibited strong antioxidant properties in poultry nutrition. Inclusion of Moringa in broiler diets increased the activities of antioxidant enzymes such as glutathione peroxidase, catalase, and superoxide dismutase, helping to counteract oxidative damage (El-Deep et al., 2019). In disease-challenged birds, Moringa supplementation reduced malondialdehyde (MDA) levels and supported liver antioxidant defenses during infections like infectious bursal disease (Balami et al., 2021). Furthermore, studies found that Moringa reduced hepatic lipid peroxidation without adversely affecting performance outcomes (Rao et al., 2019).
Immunomodulatory Roles
Beyond its antioxidative effects, Moringa exerts significant immunomodulatory impacts. Supplementation upregulated key cytokines such as interleukin-2 (IL-2) and interleukin-6 (IL-6) and boosted antibody responses against poultry vaccines like Newcastle disease virus (NDV) (El-Deep et al., 2019). Additionally, Moringa supplementation enhanced immunoglobulin concentrations and improved resistance to pathogenic challenges, even matching the effectiveness of standard anticoccidial drugs in coccidiosis-challenged broilers (Mahfuz & Piao, 2019; Mashalla et al., 2022).
4.4 Maggot and Insect Meals
Effect on Lipid Metabolism and Immune Response
Insect meals, including those derived from black soldier fly larvae and housefly maggots, offer promising high-quality protein sources for poultry. Their inclusion in broiler diets has been associated with improved lipid metabolism, including reductions in total cholesterol and LDL levels, as well as enhanced antioxidant enzyme activities such as SOD (Ognik et al., 2020). In addition to metabolic benefits, insect-based proteins stimulate humoral and cellular immunity, partly due to the presence of natural antimicrobial peptides (Elahi et al., 2022; Malematja et al., 2023).
Risk of Microbial Contamination and Toxin Accumulation
Despite these advantages, the use of insect meals is not without risks. When larvae are reared on waste substrates, they may harbor pathogenic microbes such as Salmonella and E. coli, posing food safety concerns if not processed properly (Popowska-Nowak et al., 2017). Moreover, over-inclusion rates exceeding 10–15% can lead to lipid oxidation and excessive fat accumulation in the liver, necessitating careful formulation to balance nutritional benefits with safety (Ognik et al., 2020).	Comment by DELL: Meaning not clear? Re-write it
4.5 Brewers’ Dried Grains (BDG) and By-Product Blends
Variability in Nutrient Composition
Brewers' dried grains (BDG), a common by-product of the brewing industry, are characterized by considerable variability in nutrient composition, particularly with respect to crude protein and fiber contents. On average, BDG contains approximately 20% crude protein and significant levels of lysine, methionine, and threonine—offering a protein profile superior to maize (El-Hack et al., 2019). However, poor drying and storage conditions can lead to nutrient losses and fungal contamination (Faccenda et al., 2020).
Protein Efficiency Ratio and Liver Function Indicators
When incorporated appropriately, BDG has demonstrated positive effects on protein efficiency and metabolic health in poultry. Fermented or enzyme-treated BDG improved body weight gain, enhanced feed efficiency, and upregulated genes related to nutrient absorption, while also reducing cholesterol content in thigh muscle (Al-Khalaifah et al., 2020). In addition, biodegradation of BDG with Aspergillus flavus increased protein content and decreased fiber levels, facilitating improved nutrient digestibility without adverse effects on liver function (Lawal et al., 2017). In laying hens, moderate BDG inclusion (≤10%) was associated with reduced hepatic fat deposition and enhanced internal egg quality, suggesting favorable impacts on lipid metabolism (Jensen et al., 1976).
While alternative feed ingredients offer promising nutritional and economic benefits, the biochemical evidence reviewed highlights the need for cautious and strategic utilization. The physiological responses observed—ranging from enhanced antioxidant defenses to potential hepatic stress and lipid imbalances—underscore the complex interplay between feed composition, processing quality, and poultry health. Despite significant advances in optimizing the use of AFIs, several challenges persist, including variability in nutrient composition, limited biochemical data, and potential safety risks. The following section critically examines these challenges and outlines the key limitations that must be addressed to ensure the sustainable and safe integration of AFIs into poultry production systems.
5. Challenges and Limitations of Alternative Feed Ingredients (AFIs)
Despite the growing interest in alternative feed ingredients (AFIs) for poultry production, several significant challenges and limitations continue to constrain their widespread adoption and optimal use. A thorough understanding of these issues is critical for refining feed evaluation strategies, ensuring animal health, and achieving consistent production outcomes.
5.1 Variability in Composition
One of the primary obstacles associated with AFIs is the inconsistency in their nutrient composition. Variability often arises from differences in sourcing, processing methods, and storage conditions. For example, the nutritional profile of brewers’ dried grains (BDG) or palm kernel cake (PKC) can fluctuate markedly depending on factors such as processing temperature and the origin of raw materials. Such inconsistencies affect nutrient availability and digestibility, leading to unpredictable performance outcomes in poultry diets (An & Kong, 2018). Without standardized processing protocols, it becomes challenging to formulate balanced rations using AFIs, ultimately discouraging their wider adoption across the poultry industry.
5.2 Limited Biochemical Data
A major limitation in the current body of research on AFIs is the predominant focus on external performance metrics, such as body weight gain and feed conversion ratios, with relatively few studies incorporating detailed biochemical or physiological assessments. This creates critical knowledge gaps regarding the effects of AFIs on liver function, enzymatic activity, oxidative stress, and immune competence. For instance, while insect-based protein sources like maggot and mosquito meals have shown promising effects on growth performance, studies rarely assess their biochemical safety profiles (Tsafrakidou et al., 2024). The absence of comprehensive biochemical data increases the risk of overlooking subclinical toxicity or long-term metabolic disturbances.
5.3 Breed and Age Dependency
Another complicating factor in the use of AFIs is the variability in physiological responses across different poultry breeds and age groups. Young birds, with underdeveloped digestive systems, may be less capable of utilizing high-fiber AFIs effectively, while genetic lines selected for rapid growth or dual-purpose traits exhibit distinct nutrient absorption and metabolism patterns. For example, a study on high-oleic peanuts found that while nutrient digestibility improved across strains, body weight gain varied significantly, highlighting genotype-specific responses (Toomer et al., 2020). These breed- and age-dependent differences make it difficult to establish universal inclusion guidelines for AFIs, necessitating more tailored nutritional recommendations.	Comment by DELL: ??
5.4 Underreporting of Adverse Effects
Subclinical or delayed physiological impacts of AFIs are often underreported, primarily due to the limited use of biochemical monitoring in feeding trials. Without routine evaluations of liver enzymes (e.g., AST, ALT), oxidative stress markers (e.g., MDA, SOD), or immune indicators (e.g., IgG, IgA), potential feed-induced organ dysfunction or metabolic stress may go unnoticed. This underreporting risks presenting an overly optimistic view of AFI safety and efficacy. In a recent review of sustainable poultry feeding strategies, researchers emphasized that although many by-product feeds appear promising, the presence of anti-nutritional factors and potential organ-level toxicity remains insufficiently documented and urgently requires biochemical scrutiny (Vlaicu et al., 2024).	Comment by DELL: spacing
The challenges outlined—ranging from nutrient variability and insufficient biochemical data to breed-specific responses and underreported adverse effects—highlight significant barriers to the effective and safe utilization of alternative feed ingredients in poultry production. Addressing these issues requires a more comprehensive research framework that moves beyond conventional performance metrics to include detailed physiological and biochemical evaluations. The next section identifies critical research gaps and proposes future directions needed to establish evidence-based guidelines, improve feed safety standards, and maximize the potential of AFIs in sustainable poultry nutrition.
6. Research Gaps and Future Directions
Although interest in alternative feed ingredients (AFIs) for poultry production continues to grow, several critical research and regulatory gaps remain, limiting their safe and widespread application. Addressing these gaps is essential for optimizing poultry nutrition strategies that enhance performance while safeguarding animal welfare and public health.
6.1 Need for Integrative Studies Linking Performance Metrics with Biochemical Markers
Current research on AFIs predominantly emphasizes external performance indicators such as body weight gain and feed conversion ratios. However, there remains a significant lack of integrated studies that simultaneously evaluate biochemical parameters such as liver enzyme profiles, oxidative stress markers, and immune biomarkers. This disconnect hampers comprehensive assessments of feed ingredient safety and physiological impacts. As Vlaicu et al. (2024) emphasize, the development of sustainable poultry feeding systems requires a balanced evaluation of both productivity outcomes and internal physiological responses. Without such integrative approaches, it is difficult to detect subclinical disturbances that may undermine long-term animal health and production efficiency.
6.2 Establish Biochemical Safety Thresholds for AFIs
Another major limitation in AFI research is the absence of clearly established biochemical safety thresholds. Many feeding trials fail to investigate or report on early indicators of organ stress, oxidative imbalance, or endocrine disruptions that could compromise bird health. For example, in evaluating probiotic safety, Susanti et al. (2021) demonstrated that only through comprehensive biochemical and phenotypic analyses could virulence traits be ruled out and growth-promoting efficacy confirmed. A similar methodology should be applied systematically to AFIs. Establishing maximum tolerable limits based on biochemical markers would provide a scientific basis for feed formulation guidelines and enhance confidence in the safe use of alternative feed resources.
6.3 Role of Omics (e.g., Metabolomics, Proteomics) in Identifying Subclinical Effects
The application of omics technologies—such as transcriptomics, metabolomics, and proteomics—represents a transformative opportunity to uncover subclinical effects of dietary interventions. These high-throughput tools enable detailed profiling of molecular and cellular responses to AFIs, revealing metabolic pathways and immune processes that traditional performance evaluations might overlook. For instance, multi-omics analyses have successfully identified biomarkers related to feed efficiency, gut health, and metabolic resilience in poultry (Urgessa & Woldesemayat, 2023; Zampiga et al., 2018). Integrating omics approaches into AFI research will allow for earlier detection of physiological disturbances, stronger cause-effect validation, and more predictive assessments of long-term safety and productivity.
6.4 National Feed Policy and Regulation
In many countries, including Nigeria, regulatory frameworks for feed ingredients remain fragmented, inconsistent, or outdated. The absence of clear national standards governing the evaluation, approval, and monitoring of AFIs contributes to variability in feed quality and safety. A comprehensive, standardized feed policy is urgently needed to regulate the incorporation of agro-industrial by-products, insect-based meals, and other novel feed ingredients. Such a policy should mandate routine testing for contaminants such as mycotoxins, heavy metals, and microbial pathogens. Moreover, emerging scientific insights—particularly from omics and biochemical safety studies—must be integrated into regulatory frameworks to ensure animal health protection, feed industry transparency, and consumer safety.
Bridging the research and regulatory gaps identified is critical for advancing the responsible use of alternative feed ingredients in poultry nutrition. A multidisciplinary approach—combining performance evaluation, biochemical monitoring, omics technologies, and policy reform—is necessary to fully unlock the potential of AFIs while safeguarding animal health and production sustainability. The final section synthesizes the key insights from this review and outlines concluding remarks on the future outlook for AFIs in the Nigerian poultry sector and beyond.
7. Conclusion
Alternative feed ingredients (AFIs) present a significant opportunity to enhance the sustainability, resilience, and cost-efficiency of poultry production systems. Their utilization aligns with broader goals of reducing reliance on conventional feedstuffs, minimizing agricultural waste, and promoting local resource use. However, realizing the full potential of AFIs remains constrained by critical research deficiencies and regulatory gaps.
Addressing these challenges requires a multidisciplinary strategy that integrates conventional performance assessments with detailed biochemical evaluations. Establishing evidence-based safety thresholds, applying advanced omics technologies to detect subclinical effects, and enforcing standardized national feed regulations are essential steps toward ensuring the safe and effective incorporation of AFIs into poultry diets. Only through such a comprehensive, science-driven, and policy-supported approach can AFIs contribute meaningfully to sustainable poultry production while safeguarding animal health and food security.
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