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Abstract 

Sustainable livestock production is increasingly constrained by disease pressure, antimicrobial 

resistance, and declining feed efficiency under intensifying environmental stressors. Conventional 

nutritional strategies, while essential, remain insufficient to precisely regulate immune function and 

metabolic resilience. This review explores the emerging role of Monoclonal antibodies as advanced 

biologics in next generation animal nutrition, with a focus on mapping nutrient immune interaction 

networks in livestock systems. It synthesizes current knowledge on how nutrients modulate immune 

signaling pathways, including mTOR signaling pathway, NF kappa B signaling pathway, and JAK 

STAT pathway, and how these pathways intersect with antibody mediated immune regulation. The 

review further highlights the integration of monoclonal antibodies into nutritional frameworks to 

enhance pathogen control, regulate inflammation, and improve nutrient utilization efficiency. 

Particular emphasis is placed on the gut microbiota as a central mediator linking diet, immunity, and 

antibody driven responses. Advances in systems biology and omics technologies are discussed as tools 

for decoding complex nutrient immune networks and enabling precision livestock nutrition. Despite 

promising applications, challenges related to cost, delivery systems, scalability, and regulatory 

acceptance remain significant. Future directions include the development of species-specific antibody 

platforms, smart delivery mechanisms, and data driven modeling of immune nutritional interactions. 

Overall, this review positions monoclonal antibodies as transformative tools for optimizing animal 

health and productivity, contributing to sustainable and antibiotic reduced livestock production 

systems. 
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INTRODUCTION 

Livestock production systems are undergoing rapid transformation due to increasing disease pressure, 

antimicrobial resistance, climate variability, and the need for improved feed efficiency. These 

challenges have exposed the limitations of 

conventional nutrition strategies, which primarily 

focus on meeting growth and production 

requirements but often lack precision in regulating 

immune function. The immune system is now 

recognized as a metabolically active network that is 

closely influenced by nutrient availability, cellular 

metabolism, and microbial interactions within the 

host [1–3]. As a result, the concept of nutrient 

immune interaction networks has emerged, 

emphasizing the dynamic interplay between diet, 

host immunity, and physiological performance in 

livestock systems [4, 5]. 
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At the cellular level, nutrients act not only as substrates for energy and growth but also as signaling 

molecules that regulate immune cell activation, differentiation, and function through pathways such as 
the mTOR signaling pathway, NF kappa B signaling pathway, and JAK STAT pathway [6–9]. These 

pathways integrate environmental and nutritional cues to shape immune responses, influencing disease 
resistance and productivity. Concurrently, the gut microbiota has emerged as a critical mediator of host 

nutrition and immunity, forming a complex diet microbe immune axis that governs health outcomes 
[10]. 

 
In this evolving landscape, Monoclonal antibodies represent a promising class of biologics capable 

of selectively modulating immune pathways with high specificity [11, 12]. Unlike traditional feed 

additives, monoclonal antibodies offer targeted intervention strategies that can neutralize pathogens, 
regulate inflammatory responses, and enhance immune efficiency without contributing to antimicrobial 

resistance [13–15]. Integrating monoclonal antibodies into nutritional frameworks provides a novel 
opportunity to reshape nutrient immune interaction networks toward precision livestock management 

[1, 16, 17]. This review aims to synthesize current advances in cell biology, immune signaling, and 
microbiota host interactions, highlighting how monoclonal antibodies can be strategically applied 

within next generation animal nutrition to improve health, productivity, and sustainability in livestock 
systems. 

 
FOUNDATIONS OF NUTRIENT IMMUNE INTERACTIONS IN LIVESTOCK 

Nutrients as Regulators of Immune Function 

Nutrients function not only as substrates for growth but also as key regulators of immune competence 

in livestock. Amino acids, fatty acids, vitamins, and minerals influence immune cell proliferation, 
differentiation, and effector functions. For instance, specific amino acids support antibody synthesis 

and cytokine production, while lipids modulate membrane composition and signaling processes [18, 
19]. Nutritional imbalances can impair immune defenses, increasing susceptibility to infections. 

Therefore, precise nutrient supply is essential for maintaining optimal immune responsiveness and 

overall animal health [18–20]. 
 

Macro and Micronutrients in Immune Signaling 

Macronutrients and micronutrients play distinct yet interconnected roles in regulating immune 

signaling pathways. Proteins provide essential amino acids for immune mediators, carbohydrates supply 
energy for rapid immune activation, and lipids participate in cell signaling and inflammation control 

[12, 21]. Micronutrients, such as zinc, selenium, and vitamins A, D, and E, act as cofactors in enzymatic 
reactions and antioxidant defense systems. These nutrients modulate key signaling cascades, including 

the NF kappa B signaling pathway and JAK STAT pathway, thereby shaping immune responses [2, 12, 
21, 22]. 

 
Gut Associated Lymphoid Tissue and Mucosal Immunity 

The gut associated lymphoid tissue represents the largest immune organ in livestock, forming a 
critical interface between diet, microbiota, and host immunity. It includes structures, such as Peyer 

patches and immune cells, distributed along the intestinal mucosa [2, 20, 22]. This system enables rapid 
detection of pathogens while maintaining tolerance to dietary antigens and beneficial microbes. 

Nutritional components influence mucosal barrier integrity, antibody secretion, and immune cell 

activity, thereby playing a central role in maintaining gut health and systemic immune balance [18, 19, 
20]. 

 
Host Metabolism and Immune System Crosstalk 

Host metabolism and immune function are tightly interconnected through shared signaling pathways 
and energy demands [12, 18, 21]. Immune activation requires substantial metabolic reprogramming, 

including shifts in glucose, amino acid, and lipid metabolism. Nutritional status influences these 
metabolic processes, thereby affecting immune cell performance. Conversely, immune responses can 

alter nutrient partitioning and metabolic efficiency. This bidirectional crosstalk highlights the 



 

International Journal of Molecular Biotechnological Research 

Volume 4, Issue 1 

ISSN: 3107-3565 

 

© STM Journals 2026. All Rights Reserved 22  
 

importance of integrating metabolic and immunological perspectives in designing effective nutritional 

strategies for livestock systems [2, 12, 21, 22]. 
 

Conceptual Framework of Nutrient-Driven Immune Networks 

Nutrient-Driven immune networks represent a systems level framework that integrates dietary inputs, 

cellular signaling pathways, microbiota interactions, and immune outputs. In this framework, nutrients 
act as upstream regulators that influence signaling pathways, gene expression, and immune cell function 

[19, 20, 21]. The gut microbiota further modulates these interactions, creating a dynamic and adaptive 
network. Understanding these complex relationships enables the development of precision nutrition 

strategies aimed at optimizing immunity, productivity, and resilience in modern livestock production 
systems [18, 19, 20]. 

 

CELL BIOLOGY AND IMMUNE SIGNALING IN NUTRITIONAL CONTEXT 

Immune Cell Types and Metabolic Programming 

Immune cells including macrophages, dendritic cells, T lymphocytes, and B lymphocytes exhibit 
distinct metabolic programming that determines their functional phenotype. Pro inflammatory cells rely 

heavily on glycolysis, while regulatory and memory cells depend on oxidative phosphorylation and 
fatty acid oxidation [18, 23]. Nutritional status directly shapes these metabolic pathways, influencing 

immune activation, differentiation, and longevity. Amino acids, fatty acids, and micronutrients regulate 
enzyme activity and energy flux, thereby linking cellular metabolism with immune competence and 

overall livestock productivity. 
 

mTOR Signaling Pathway 

The mTOR signaling pathway acts as a central nutrient sensor that integrates signals from amino 

acids, energy status, and growth factors to regulate immune cell growth and proliferation. Activation of 
mTOR promotes protein synthesis, cell cycle progression, and effector immune responses. In livestock, 

dietary protein quality and energy balance strongly influence mTOR activity, thereby affecting 
immunity and tissue development. Dysregulation of this pathway under nutritional stress can impair 

immune efficiency and reduce resilience to environmental and pathogenic challenges [5, 20, 24]. 
 

NF Kappa B Signaling Pathway 

The NF kappa B signaling pathway is a key regulator of inflammatory and innate immune responses. 
It is activated by stress signals, pathogens, and dietary imbalances, leading to the expression of 

cytokines, chemokines, and antimicrobial molecules. Nutritional components, such as antioxidants, 
vitamins, and trace minerals, can modulate NF kappa B activity, either suppressing excessive 

inflammation or enhancing defense mechanisms. Balanced nutrition is, therefore, essential to prevent 
chronic inflammation while maintaining effective immune surveillance in livestock systems [18, 20, 

24]. 
 

JAK STAT Pathway 

The JAK STAT pathway mediates cytokine driven communication between immune cells, 

controlling processes such as cell proliferation, differentiation, and antiviral defense. Nutrients 

influence this pathway by regulating cytokine production and receptor sensitivity. For instance, 

deficiencies in key micronutrients can impair signaling efficiency, weakening immune responses. In 

animal nutrition, optimizing dietary inputs can enhance JAK STAT mediated signaling, thereby 

improving disease resistance, vaccine responsiveness, and overall immune coordination in livestock 

populations [5, 20, 24]. 

 
Nutrient Sensing and Immune Activation 

Nutrient sensing mechanisms enable immune cells to detect and respond to changes in nutrient 
availability, ensuring appropriate activation and function. Sensors for glucose, amino acids, and fatty 

acids regulate intracellular signaling pathways that control immune cell behavior. Adequate nutrient 
supply promotes efficient immune activation, while deficiencies or imbalances can suppress immune 
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responses. This tight coupling between nutrient sensing and immune activation highlights the 

importance of precision nutrition in maintaining health and performance in livestock systems [5, 23, 
24]. 

 

Oxidative Stress and Inflammatory Signaling 
Oxidative stress arises from an imbalance between reactive oxygen species production and 

antioxidant defenses, often triggered by environmental stress and poor nutrition. Excessive oxidative 
stress activates inflammatory signaling pathways, leading to tissue damage and impaired immune 
function. Nutrients, such as vitamins, selenium, and phytochemicals, play critical roles in maintaining 
redox balance. Effective nutritional strategies can mitigate oxidative stress, regulate inflammatory 
responses, and enhance resilience, thereby supporting sustainable livestock production under 
challenging conditions [5, 18, 20]. 

 
MONOCLONAL ANTIBODIES: PRINCIPLES AND BIOTECHNOLOGICAL ADVANCES 
Development and Production of Monoclonal Antibodies 

Monoclonal antibodies are produced using advanced biotechnological platforms that enable the 
generation of highly specific antibodies against defined antigens. Traditional methods involve 
hybridoma technology, where B lymphocytes are fused with myeloma cells to create immortal cell lines 
capable of continuous antibody production [6, 10, 14, 25]. Modern approaches include recombinant 
DNA technology and phage display, allowing precise control over antibody specificity and affinity [7, 
14, 26, 27]. Scalable production systems, such as mammalian cell cultures, ensure high yield and 
consistency, supporting applications in livestock health and nutrition. 
 
Types: Murine, Chimeric, Humanized, Fully Human 

Monoclonal antibodies are classified based on their structural composition and origin. Murine 
antibodies are entirely derived from mouse proteins and may trigger immunogenic responses in non-
murine hosts. Chimeric antibodies combine murine variable regions with constant regions from another 
species, reducing immunogenicity. Humanized antibodies further replace most murine components, 
retaining only antigen binding sites [4, 7, 10, 11]. Fully human antibodies are generated using advanced 
platforms and exhibit minimal immunogenicity. These variations allow tailored applications across 
different livestock species and physiological conditions. 
 
Mechanisms of Action: Neutralization, Receptor Blocking, Immune Modulation 

Monoclonal antibodies exert their effects through multiple mechanisms depending on their target and 
design. Neutralizing antibodies bind to pathogens or toxins, preventing their interaction with host cells 
[4, 6, 10, 11, 25]. Receptor blocking antibodies inhibit ligand receptor interactions, thereby modulating 
signaling pathways involved in inflammation or immune activation. Additionally, antibodies can 
enhance immune responses by facilitating antigen presentation or activating immune effector functions. 
These mechanisms provide targeted and efficient strategies for controlling disease and improving 
immune balance in livestock systems [4, 10]. 
 
Advances in Antibody Engineering and Delivery Systems 

Recent advances in antibody engineering have significantly enhanced the functionality, stability, and 
applicability of monoclonal antibodies. Techniques, such as affinity maturation, Fc region modification, 
and bispecific antibody design, allow improved targeting and prolonged half-life. Nanotechnology 
based delivery systems, encapsulation methods, and oral delivery strategies are being explored to 
improve bioavailability and practical use in animal nutrition. These innovations are critical for 
overcoming limitations related to cost, stability, and administration in large scale livestock production 
systems [7, 14, 26, 27]. 

 

APPLICATIONS OF MONOCLONAL ANTIBODIES IN LIVESTOCK SYSTEMS 

Disease Prevention and Therapeutic Applications 

Monoclonal antibodies are increasingly explored as precise tools for preventing and treating 

infectious and metabolic diseases in livestock. Unlike broad spectrum antimicrobials, they act on 
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defined targets, reducing off target effects and limiting antimicrobial resistance pressure. Prophylactic 

use can protect high risk animals during stress periods, while therapeutic applications can reduce disease 

severity and recovery time. Integration with nutrition programs further supports immune resilience, 

enabling a shift toward more sustainable and health focused livestock production systems [3, 28–30]. 

 

Neutralization of Pathogens and Toxins 

Monoclonal antibodies can directly bind to pathogens, such as bacteria and viruses, or to their toxins, 
effectively neutralizing their harmful effects. By blocking pathogen adhesion, entry, or toxin activity, 

these antibodies prevent infection progression and tissue damage. This targeted neutralization is 
particularly valuable in intensive production systems where disease spread is rapid. Nutritional support 

enhances antibody effectiveness by maintaining immune competence, thereby creating a synergistic 
approach to disease control and improving overall animal performance and health outcomes [2, 5, 14, 

27]. 
 

Targeting Inflammatory Mediators 

Chronic or excessive inflammation reduces productivity and compromises animal welfare. 

Monoclonal antibodies can selectively target pro inflammatory cytokines and signaling molecules, 

helping to regulate immune responses. By modulating pathways, such as the NF kappa B signaling 
pathway, these antibodies can reduce tissue damage while preserving necessary immune functions. 

Nutritional strategies rich in antioxidants and functional nutrients further complement this approach, 
enabling balanced immune regulation and improved metabolic efficiency in livestock systems [27–30]. 

 
Enhancing Vaccine Responses 

Monoclonal antibodies can be used to enhance vaccine efficacy by improving antigen presentation 
and modulating immune signaling. They may act as adjuvant, like agents or be designed to target 

specific immune cells, thereby strengthening both humoral and cellular responses. Nutritional status 
plays a critical role in this process, as adequate supply of amino acids, vitamins, and minerals supports 

antibody production and immune memory formation. This integrated approach can lead to more 
consistent and durable vaccine responses across diverse livestock populations [3, 28, 29, 30]. 

 
Case Examples Across Species: Poultry, Dairy, Swine 

Applications of monoclonal antibodies are being investigated across major livestock species with 
promising outcomes. In poultry, they are used to control enteric pathogens and improve gut health. In 

dairy cattle, antibodies target mastitis causing pathogens and inflammatory mediators, supporting udder 

health and milk production. In swine, monoclonal antibodies are explored for controlling viral diseases 
and enhancing immune stability during growth phases. These species-specific applications demonstrate 

the versatility and potential of antibody-based strategies in modern livestock systems [2, 5, 28, 30]. 
 

LINKING MONOCLONAL ANTIBODIES WITH NUTRIENT IMMUNE NETWORKS 

Interaction Between Dietary Components and Antibody Efficacy 

The efficacy of Monoclonal antibodies is closely influenced by dietary composition and nutrient 
availability. Amino acids support antibody synthesis and receptor expression, while lipids affect 

membrane dynamics and antigen recognition. Micronutrients, such as zinc, selenium, and vitamins, 
enhance immune competence and stabilize antibody interactions. Nutritional imbalances can reduce 

binding efficiency and immune responsiveness. Therefore, optimizing diet composition is essential to 
maximize antibody performance and ensure effective immune protection in livestock systems [5, 20, 

31–33]. 
 

Nutritional Regulation of Antibody Mediated Responses 

Nutritional status regulates the magnitude and duration of antibody mediated immune responses. 

Adequate protein intake supports immunoglobulin production, while energy balance influences immune 

cell activation and proliferation. Micronutrients act as cofactors in signaling pathways, such as the JAK 
STAT pathway, which governs cytokine driven antibody responses. Deficiencies can impair antibody 
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function and reduce disease resistance. Strategic nutritional interventions can, therefore, enhance 

antibody mediated immunity, improving health outcomes and productivity in livestock populations [5, 
20, 31]. 

 

Integration of Antibodies into Functional Feeding Strategies 

Monoclonal antibodies can be incorporated into functional feeding strategies as targeted biologics 

that complement traditional nutrients. This integration involves designing diets that support antibody 

stability, delivery, and interaction with immune cells. Encapsulation technologies and feed-based 

delivery systems are being explored to improve bioavailability. Combined with probiotics, prebiotics, 

and bioactive compounds, antibody-based interventions can create synergistic effects on gut health and 

immune function, enabling more precise and efficient livestock nutrition frameworks [5, 20, 32]. 

 

Systems Biology Perspective of Nutrient Antibody Immune Interactions 

A systems biology approach provides a comprehensive understanding of how nutrients, antibodies, 

and immune pathways interact within complex biological networks. By integrating data from genomics, 

proteomics, and metabolomics, it becomes possible to map nutrient antibody immune interactions at 

multiple levels [5, 20, 32, 33]. This approach highlights feedback loops between diet, microbiota, 

immune signaling, and physiological responses. Such insights enable the development of predictive 

models and precision nutrition strategies, optimizing livestock health, resilience, and productivity in 

diverse production environments [20, 31, 33]. 

 

GUT MICROBIOTA, NUTRITION, AND ANTIBODY MEDIATED IMMUNITY 

Gut Microbiota as Immune Modulators 

The gut microbiota functions as a central regulator of immune development and activity in livestock. 
Diverse microbial communities interact with host immune cells, promoting maturation of mucosal 
immunity and maintaining immune tolerance. Beneficial microbes produce metabolites, such as short 
chain fatty acids, that influence immune signaling and inflammation [13, 22, 31, 34]. Disruptions in 
microbial balance can impair immune responses and increase disease susceptibility. Nutritional 
strategies that support microbial diversity, therefore, play a critical role in sustaining effective immune 
modulation and overall animal health. 
 
Diet Microbiota Immune Axis 

The diet microbiota immune axis represents a dynamic interaction where dietary components shape 
microbial composition, which in turn influences immune function. Fibers, proteins, and bioactive 
compounds alter microbial fermentation patterns and metabolite production. These microbial products 
regulate host signaling pathways, including the NF kappa B signaling pathway, affecting inflammation 
and immune activation. Balanced diets promote beneficial microbiota, enhancing immune stability, 
whereas poor nutrition can lead to dysbiosis and compromised health in livestock systems [14, 23, 35]. 
 
Role of Antibodies in Shaping Microbial Populations 

Monoclonal antibodies and endogenous antibodies contribute to the regulation of gut microbial 
populations by selectively binding to specific microbes or antigens. This targeted interaction can limit 
pathogenic bacteria while supporting beneficial communities. Antibody mediated microbial control 
helps maintain intestinal homeostasis and prevents excessive immune activation [11, 20, 24, 36]. When 
combined with appropriate nutrition, antibody strategies can fine tune microbiota composition, creating 
a stable and resilient gut ecosystem in livestock. 
 

Implications for Gut Health and Nutrient Absorption 

The interaction between microbiota, nutrition, and antibody mediated immunity has direct 

implications for gut health and nutrient utilization. A balanced microbial ecosystem enhances digestion, 

nutrient absorption, and barrier integrity. Antibody mediated regulation of pathogens reduces intestinal 

damage and inflammation, improving feed efficiency. Nutritional interventions that support both 

microbiota and immune function can, therefore, optimize metabolic performance [22, 23, 34, 35]. This 
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integrated approach is essential for improving productivity, health, and sustainability in modern 

livestock production systems. 

 

PRECISION NUTRITION AND TARGETED IMMUNOMODULATION 

Concept of Precision Livestock Nutrition 

Precision livestock nutrition focuses on delivering the right nutrients at the right time and in the right 

amounts to meet the specific physiological and immunological needs of individual animals or groups. 
This approach integrates data on genetics, health status, environment, and production stage to optimize 

feed efficiency and immune competence [37–40]. By aligning nutrient supply with immune demands, 

precision nutrition enhances disease resistance, reduces waste, and supports sustainable livestock 
production under variable and challenging conditions [41, 42]. 

 
Biomarkers for Immune and Nutritional Status 

Biomarkers provide measurable indicators of immune function and nutritional status, enabling 
informed decision making in livestock management. These include metabolites, cytokines, enzyme 

activities, and gene expression profiles that reflect physiological responses to diet and health challenges. 
Biomarkers linked to pathways, such as the JAK STAT pathway, can indicate immune activation and 

responsiveness. The use of reliable biomarkers allows early detection of imbalances, facilitating 
targeted nutritional interventions to maintain optimal health and productivity [43–46]. 

 
Antibody Guided Nutritional Interventions 

Monoclonal antibodies enable highly specific immunomodulation, offering new opportunities for 
designing targeted nutritional interventions. By identifying key immune pathways or pathogens, 

antibody-based strategies can be aligned with dietary formulations to enhance immune efficiency [41, 
44, 47]. For example, diets can be optimized to support antibody stability, immune cell activation, and 

signaling processes. This coordinated approach improves disease resistance and nutrient utilization, 

advancing precision nutrition in modern livestock systems [48–50]. 
 

Integration with Omics Technologies: Genomics, Proteomics, Metabolomics 

The integration of omics technologies provides a comprehensive understanding of the complex 

interactions between nutrition, immunity, and genetics. Genomics reveals genetic potential and 
variability, proteomics identifies functional proteins and immune mediators, and metabolomics captures 

metabolic responses to diet [51–53]. Combining these datasets enables the mapping of nutrient immune 
networks and identification of key regulatory nodes. This systems level insight supports the 

development of predictive models and tailored feeding strategies, enhancing both productivity and 
resilience in livestock production systems. 

 
BENEFITS, LIMITATIONS, AND PRACTICAL CHALLENGES 

Benefits: Reduced Antibiotic Use, Improved Health, Enhanced Productivity 

The application of Monoclonal antibodies in livestock systems offers substantial benefits for animal 

health and productivity. By providing highly specific immune targeting, monoclonal antibodies can 
reduce reliance on antibiotics, thereby contributing to antimicrobial stewardship and lowering resistance 

risks. Improved pathogen control enhances overall health status, reduces morbidity, and supports better 

growth performance. Additionally, more stable immune function translates into improved feed 
efficiency and productivity, making antibody-based strategies attractive for sustainable livestock 

production systems [52, 54–58]. 
 

Limitations: Cost, Stability, Delivery Challenges 

Despite their potential, monoclonal antibody applications face several technical and economic 

limitations. High production costs remain a major barrier to widespread adoption, particularly in 
resource limited settings. Stability issues, especially under varying temperature and storage conditions, 

can reduce efficacy in field environments [43, 44, 59, 60]. Delivery systems also present challenges, as 
maintaining antibody activity through oral or feed-based administration is complex. These constraints 
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limit scalability and require further innovation in formulation, stabilization, and cost-effective 

production technologies for practical livestock use. 

 

Regulatory and Ethical Considerations 

The use of advanced biologics in livestock raises important regulatory and ethical questions. Safety 

assessment, residue evaluation, and environmental impact must be carefully addressed before approval. 
Regulatory frameworks for Monoclonal antibodies in animal production are still evolving in many 

regions. Ethical considerations include animal welfare, transparency in food production systems, and 
public acceptance of biotechnology derived interventions. Harmonized guidelines and robust risk 

assessment protocols are essential to ensure safe and responsible deployment [5, 52, 61]. 
 

Adoption Barriers in Developing Livestock Systems 

In developing livestock systems, adoption of antibody-based technologies is constrained by limited 

infrastructure, financial resources, and technical expertise. Smallholder farmers may lack access to 

advanced veterinary inputs and cold chain facilities required for biologic storage. Knowledge gaps 
regarding precision immunological interventions further hinder adoption. Additionally, cost 

effectiveness remains a critical concern in low margin production systems. Addressing these barriers 
requires capacity building, technology transfer, and supportive policy frameworks to enable equitable 

access to next generation animal health solutions [58, 62–65]. 
 

FUTURE PERSPECTIVES AND RESEARCH GAPS 

Development of Cost-Effective Antibody Platforms 

Future progress in Monoclonal antibodies for livestock nutrition depends strongly on reducing 
production costs. Advances in recombinant expression systems, microbial production platforms, and 

plant-based bioreactors may provide scalable and affordable alternatives to traditional mammalian cell 
culture. Economical production is essential for adoption in commercial livestock systems, especially in 

developing regions. Research is needed to optimize yield, reduce purification costs, and maintain 
functional stability while ensuring safety and regulatory compliance for field applications. 

 
Integration with Microbiome Engineering 

Future strategies are expected to combine antibody technology with microbiome engineering to 

achieve more precise control of gut ecosystems. Modulating microbial communities through targeted 
interventions, probiotics, and engineered microbial consortia can complement antibody based immune 

regulation. This integration may enhance nutrient utilization, pathogen resistance, and metabolic 
efficiency. Understanding host microbiota immune interactions will be essential for designing 

synergistic interventions that stabilize gut health and improve productivity in livestock under diverse 
environmental conditions. 

 
Smart Delivery Systems and Nano Carriers 

Efficient delivery of monoclonal antibodies remains a key research challenge. Smart delivery 
systems, including nano carriers, encapsulation technologies, and feed based protective matrices, are 

being explored to enhance stability and bioavailability. These systems aim to protect antibodies from 
degradation in the gastrointestinal tract and ensure targeted release at the site of action. Advances in 

material science and nanotechnology could significantly improve practical application, making 
antibody-based interventions more feasible in large scale livestock production systems. 

 
AI Driven Modeling of Nutrient Immune Networks 

Artificial intelligence and machine learning offer powerful tools for modeling complex nutrient 
immune interactions. AI driven approaches can integrate multi omics datasets, environmental variables, 

and production parameters to predict immune responses and optimize nutritional strategies. Such 

models can identify key regulatory nodes within nutrient immune networks and guide antibody-based 
interventions. This predictive capability supports precision livestock management and accelerates 

innovation in next generation animal nutrition systems. 
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Need for Species Specific and Region-Specific Research 

Significant research gaps remain in understanding species specific and region-specific responses to 

antibody based nutritional strategies. Livestock species differ in immune physiology, gut microbiota 

composition, and metabolic regulation. Additionally, climatic conditions, feed resources, and 

management practices vary across regions, influencing treatment outcomes. Targeted research is needed 

to develop customized solutions that reflect these biological and environmental differences, ensuring 

effective and context appropriate application of advanced immunonutritional technologies in global 

livestock systems. 

 

CONCLUSION 

The integration of nutrition, immunology, and advanced biotechnology is redefining modern 

livestock production systems. This review highlights the emerging role of Monoclonal antibodies as 

precision tools that can complement nutritional strategies to regulate immune function, enhance disease 

resistance, and improve productivity. By mapping nutrient immune interaction networks, it becomes 

evident that immune responses are tightly governed by dietary inputs, cellular signaling pathways, and 

gut microbiota dynamics, forming an interconnected biological system rather than isolated processes. 

 

Key signaling pathways, such as the mTOR signaling pathway, NF kappa B signaling pathway, and 

JAK STAT pathway, provide mechanistic insight into how nutrients regulate immune competence and 

how antibody-based interventions may fine tune these responses. When combined with gut microbiota 

modulation and precision nutrition approaches, monoclonal antibodies offer a promising platform for 

targeted immunomodulation without the drawbacks of conventional antimicrobial dependence. 

 

Despite these advantages, practical limitations including high production cost, delivery challenges, 

regulatory uncertainty, and limited field validation remain significant barriers to large scale adoption. 

Addressing these constraints will require interdisciplinary research integrating biotechnology, animal 

nutrition, microbiology, and data science. Future livestock systems are expected to shift toward 

precision, biology driven frameworks supported by omics technologies, smart delivery systems, and 

predictive modeling. In this context, monoclonal antibodies represent a transformative innovation with 

the potential to reshape animal nutrition into a more targeted, efficient, and sustainable discipline, 

contributing to improved animal health, food security, and resilient production systems. 

 

REFERENCES 

1. Liu G, Fu P, Zhang X, Kong F, Peng J, Kang D, Pei Y, Li K, Lu Z. Development of canine 

parvovirus-neutralizing monoclonal antibodies from natural host and their germline gene usage. 

Applied Microbiology and Biotechnology. 2026 Mar 24.  

2. Di Fabrizio L, Abbas F, Lopez D, Montanari M, Scatà MC, Grandoni F, Mecocci S, Cappelli K, 

Lanuti P, Radu CM, Del Zotto G. Milk-Derived EVs from Different Animal Sources: An Overview 

on Their Detection, Isolation and Pleiotropic Exerted Effects. International Journal of Molecular 

Sciences. 2026 Feb 18;27(4):1938.  

3. Cao J, Zhou X, Liu J, Liu D, Liu G. Single-cell multi-omics sequencing technologies and their 

applications in livestock and poultry research. J Agric Food Chem. 2025;73(51):32508–32520. doi: 

10.1021/acs.jafc.5c13040.  

4. Nazir A, Hussain FHN, Nadeem Hussain TH, Al Dweik R, Raza A. Therapeutic targeting of the 

host-microbiota-immune axis: Implications for precision health. Front Immunol. 2025;16. doi: 

10.3389/fimmu.2025.1570233.  

5. Prates JAM, Ezzaitouni M, Guil-Guerrero JL. Marine macroalgal polysaccharides as precision tools 

for health and nutrition. Phycology. 2025;5(4):58. doi: 10.3390/phycology5040058.  

6. Kumar SB, Goudar G, Munikumar M, Arnipalli SR, Yaduvanshi PS, Panpatil VV. Brucellosis in 

the omics era: Integrative perspectives on Brucella genomic architecture, host-pathogen 

interactions, and disease dynamics. World J Microbiol Biotechnol. 2025;41(7). doi: 

10.1007/s11274-025-04484-7.  

10.1021/acs.jafc.5c13040.
10.3389/fimmu.2025.1570233.
10.3390/phycology5040058
10.1007/s11274-025-04484-7.


 

 

Monoclonal Antibodies in Next-Generation Animal Nutrition                                                    Md. Emran Hossain 

 

 

© STM Journals 2026. All Rights Reserved 29  
 

7. Luo Y, Lan C, Ren W, Wu A, Yu B, He J, Chen D. Bacteroides thetaiotaomicron: A symbiotic ally 

against diarrhea along with modulation of gut microbial ecological networks via tryptophan 

metabolism and AHR-Nrf2 signaling. Journal of advanced research. 2025 Apr 13.  

8. Cai S, Xue B, Li S, Wang X, Zeng X, Zhu Z, Fan X, Zou Y, Yu H, Qiao S, Zeng X. Methionine 

regulates maternal-fetal immune tolerance and endometrial receptivity by enhancing embryonic IL-

5 secretion. Cell Reports. 2025 Feb 25;44(2).  

9. Aulia D, Lim MW, Jang IK, Seo JM, Jeon H, Kim H, Kang KM, Ogun AO, Yoon S, Lee S, Hur J. 

Safety Assessment of Camelid-Derived Single-Domain Antibody as Feed Additive for Juvenile 

Whiteleg Shrimp (Litopenaeus vannamei) Against White Spot Syndrome Virus. Animals. 2024 Oct 

14;14(20):2965.  

10. Gao J, Zhang C, Wheelock ÅM, Xin S, Cai H, Xu L, Wang XJ. Immunomics in one health: 

understanding the human, animal, and environmental aspects of COVID-19. Frontiers in 

Immunology. 2024 Sep 4;15:1450380.  

11. Capozzo AV, Corripio-Miyar Y, Lemmer Y. Insights from the 2023 International Veterinary 

Immunology Symposium: Global perspectives at Kruger National Park. Vet Res. 2024;55(1):155. 

doi: 10.1186/s13567-024-01409-4.  

12. Golonko A, Pienkowski T, Swislocka R, Orzechowska S, Marszalek K, Szczerbinski L, Swiergiel 

AH, Lewandowski W. Dietary factors and their influence on immunotherapy strategies in oncology: 

a comprehensive review. Cell Death & Disease. 2024 Apr 9;15(4):254.  

13. Bertorello S, Cei F, Fink D, Niccolai E, Amedei A. The future exploring of gut microbiome-

immunity interactions: From in vivo/in vitro models to in silico innovations. Microorganisms. 

2024;12(9). doi: 10.3390/microorganisms12091828.  

14. Wang X, Gao X, Wang L, Lin J, Liu Y. Advances of nanotechnology toward vaccine development 

against animal infectious diseases. Adv Funct Mater. 2023;33(46). doi: 10.1002/adfm.202305061.  

15. Parthiban S, Vijeesh T, Gayathri T, Shanmugaraj B, Sharma A, Sathishkumar R. Artificial 

intelligence-driven systems engineering for next-generation plant-derived biopharmaceuticals. 

Frontiers in Plant Science. 2023 Nov 15;14:1252166.  

16. Jones-Nelson O, Tovchigrechko A, Glover MS, Fernandes F, Rangaswamy U, Liu H, Tabor DE, 

Boyd J, Warrener P, Martinez J, Hilliard JJ. Antibacterial monoclonal antibodies do not disrupt the 

intestinal microbiome or its function. Antimicrobial Agents and Chemotherapy. 2020 Apr 

21;64(5):10-128.  

17. Vaisman-Mentesh A, Gutierrez-Gonzalez M, DeKosky BJ, Wine Y. The molecular mechanisms 

that underlie the immune biology of anti-drug antibody formation following treatment with 

monoclonal antibodies. Front Immunol. 2020;11:1951. doi: 10.3389/fimmu.2020.01951.  

18. Palombo V, Alharthi A, Batistel F, Parys C, Guyader J, Trevisi E, D’Andrea M, Loor JJ. Unique 

adaptations in neonatal hepatic transcriptome, nutrient signaling, and one-carbon metabolism in 

response to feeding ethyl cellulose rumen-protected methionine during late-gestation in Holstein 

cows. BMC genomics. 2021 Apr 17;22(1):280.  

19. Gargano D, Appanna R, Santonicola A, De Bartolomeis F, Stellato C, Cianferoni A, Casolaro V, 

Iovino P. Food allergy and intolerance: A narrative review on nutritional concerns. Nutrients. 2021 

May 13;13(5):1638.  

20. Ricardo-Gonzalez RR, Red Eagle A, Odegaard JI, Jouihan H, Morel CR, Heredia JE, Mukundan 

L, Wu D, Locksley RM, Chawla A. IL-4/STAT6 immune axis regulates peripheral nutrient 

metabolism and insulin sensitivity. Proceedings of the National Academy of Sciences. 2010 Dec 

28;107(52):22617-22.  

21. Podolsky SH. The Lock and Key of Medicine: Monoclonal Antibodies and the Transformation of 

Healthcare. Journal of the History of Medicine and Allied Sciences. 2015 Oct 13;71(2):235–7. 

Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC4887609/  

22. Ahmed T, Auble D, Berkley JA, Black R, Ahern PP, Hossain M, Hsieh A, Ireen S, Arabi M, Gordon 

JI. An evolving perspective about the origins of childhood undernutrition and nutritional 

interventions that includes the gut microbiome. Annals of the New York Academy of Sciences. 

2014 Dec;1332(1):22-38.  

10.1186/s13567-024-01409-4.
10.3390/microorganisms12091828.
10.1002/adfm.202305061.
10.3389/fimmu.2020.01951.


 

International Journal of Molecular Biotechnological Research 

Volume 4, Issue 1 

ISSN: 3107-3565 

 

© STM Journals 2026. All Rights Reserved 30  
 

23. Li S, Rouphael N, Duraisingham S, Romero-Steiner S, Presnell S, Davis C, Schmidt DS, Johnson 

SE, Milton A, Rajam G, Kasturi S. Molecular signatures of antibody responses derived from a 

systems biology study of five human vaccines. Nature immunology. 2014 Feb;15(2):195-204.  

24. Ozulumba T, Montalbine AN, Ortiz-Cárdenas JE, Pompano RR. New tools for immunologists: 

Models of lymph node function from cells to tissues. Front Immunol. 2023;14(1):1004. doi: 

10.3389/fimmu.2023.1183286.  

25. Sun JH, Lu P. The potential of avian cytokines as immunotherapeutics and vaccine adjuvants. 

Sheng Wu Gong Cheng Xue Bao. 2003;19(2):141–146.  

26. Hoelzer K, Bielke L, Blake DP, Cox E, Cutting SM, Devriendt B, Erlacher-Vindel E, Goossens E, 

Karaca K, Lemiere S, Metzner M. Vaccines as alternatives to antibiotics for food producing 

animals. Part 2: new approaches and potential solutions. Veterinary research. 2018 Jul 31;49(1):70.  

27. Dhama K, Chakraborty S, Tiwari R, Verma AK, Saminathan M, Amarpal MY, Nikousefat Z, 

Javdani M, Khan RU. A concept paper on novel technologies boosting production and safeguarding 

health of humans and animals. Res. Opin. Anim. Vet. Sci. 2014 Jul 1;4(7):353-70.  

28. Cuccato M. Application of next-generation sequencing (NGS) as a new approach to study 

antimicrobial effects in farm animals [thesis]. 2022;2019–2022.  

29. Cunningham EP. The application of biotechnologies to enhance animal production in different 

farming systems. Livest Prod Sci. 1999;58(1):1–24. doi: 10.1016/S0301-6226(99)00007-X.  

30. Min W, Dalloul RA, Lillehoj HS. Application of biotechnological tools for coccidia vaccine 

development. J Vet Sci. 2004;5(4):279–288. doi: 10.4142/jvs.2004.5.4.279.  

31. Miller JE, Horohov DW. Immunological aspects of nematode parasite control in sheep. J Anim Sci. 

2006;84(Suppl):E124–E132. doi: 10.2527/2006.8413_supplE124x.  

32. Reyneveld GIJ, Savelkoul HFJ, Parmentier HK. Current understanding of natural antibodies and 

exploring the possibilities of modulation using veterinary models: A review. Front Immunol. 

2020;11:2139. doi: 10.3389/fimmu.2020.02139.  

33. Nyakeriga AM, Troye-Blomberg M, Chemtai AK, Marsh K, Williams TN. Malaria and nutritional 

status in children living on the coast of Kenya. Scand J Immunol. 2004;59(6):615–616. doi: 

10.1111/j.0300-9475.2004.01423o.x.  

34. Marchetti M, De Bei O, Bettati S, Campanini B, Kovachka S, Gianquinto E, Spyrakis F, Ronda L. 

Iron metabolism at the interface between host and pathogen: from nutritional immunity to 

antibacterial development. International journal of molecular sciences. 2020 Mar 20;21(6):2145.  

35. Allen JD, Ross TM. Evaluation of next-generation H3 influenza vaccines in ferrets pre-immune to 

historical H3N2 viruses. Front Immunol. 2021;12. doi: 10.3389/fimmu.2021.707339.  

36. Koets AP, Eda S, Sreevatsan S. The within host dynamics of Mycobacterium avium ssp. 

paratuberculosis infection in cattle: Where time and place matter. Vet Res. 2015;46(1). doi: 

10.1186/s13567-015-0185-0.  

37. Prasetya F, Hananta L. Nutrigenomics and Jamu: Integrating Nutritional Genomics with Indonesian 

Traditional Medicine for Precision, Preventive, and Systems-Oriented Health. Journal of Tropical 

Pharmacy and Chemistry. 2025;9(3):299-318.  

38. Zeisel SH. Precision (personalized) nutrition: understanding metabolic heterogeneity. Annual 

review of food science and technology. 2020 Mar 25;11(1):71-92.  

39. Zhang S, Lai C, Zhao J, Wang J. Big Data and AI‐Powered Modeling: A Pathway to Sustainable 

Precision Animal Nutrition. Advanced Science. 2025 Nov;12(41):e07564.  

40. Abeltino A, Hatem D, Serantoni C, Riente A, De Giulio MM, De Spirito M, De Maio F, Maulucci 

G. Unraveling the gut microbiota: implications for precision nutrition and personalized medicine. 

Nutrients. 2024 Nov 6;16(22):3806.  

41. Losacco C, Pugliese G, Forte L, Tufarelli V, Maggiolino A, De Palo P. Digital transition as a driver 

for sustainable tailor-made farm management: An up-to-date overview on precision livestock 

farming. Agriculture. 2025;15(13). doi: 10.3390/agriculture15131383.  

42. Unger AL, Astrup A, Feeney EL, Holscher HD, Gerstein DE, Torres-Gonzalez M, Brown K. 

Harnessing the magic of the dairy matrix for next-level health solutions: a summary of a symposium 

presented at Nutrition 2022. Current developments in nutrition. 2023 Jul 1;7(7):100105.  

10.3389/fimmu.2023.1183286.
10.1016/S0301-6226(99)00007-X.
10.4142/jvs.2004.5.4.279.
10.2527/2006.8413_supplE124x.
10.3389/fimmu.2020.02139.
10.1111/j.0300-9475.2004.01423o.x.
10.3389/fimmu.2021.707339.
10.1186/s13567-015-0185-0.
10.3390/agriculture15131383.


 

 

Monoclonal Antibodies in Next-Generation Animal Nutrition                                                    Md. Emran Hossain 

 

 

© STM Journals 2026. All Rights Reserved 31  
 

43. Obianwuna UE, Chang X, Oleforuh-Okoleh VU, Onu PN, Zhang H, Qiu K, Wu S. Phytobiotics in 

poultry: revolutionizing broiler chicken nutrition with plant-derived gut health enhancers. Journal 

of animal science and biotechnology. 2024 Dec 9;15(1):169.  

44. Obianwuna UE, Chang X, Oleforuh-Okoleh VU, Onu PN, Zhang H, Qiu K, Wu S. Phytobiotics in 

poultry: revolutionizing broiler chicken nutrition with plant-derived gut health enhancers. Journal 

of animal science and biotechnology. 2024 Dec 9;15(1):169.  

45. Reddy DV, Krishna N. Precision animal nutrition: A tool for economic and eco-friendly animal 

production in ruminants. Livestock Research for Rural Development. 2009 Mar 25;21(3):36.  

46. Kogut MH. Role of diet-microbiota interactions in precision nutrition of the chicken: Facts, gaps, 

and new concepts. Poult Sci. 2022;101(3):101673. doi: 10.1016/j.psj.2021.101673.  

47. Hotea I, Dragomirescu M, Berbecea A, Radulov I. The role of nutrition in enhancing sustainability 

in sheep production.  

48. Nawab A, Dao TH, Chrystal PV, Cadogan D, Wilkinson S, Kim E, Crowley T, Barekatain R, Moss 

AF. Evaluation of precision feeding to enhance broiler growth performance. Animals. 2025 Aug 

19;15(16):2433.  

49. Tecchio Borsoi F, Ferreira Alves L, Neri-Numa IA, Geraldo MV, Pastore GM. A multi-omics 

approach to understand the influence of polyphenols in ovarian cancer for precision nutrition: a 

mini-review. Critical reviews in food science and nutrition. 2025 Feb 25;65(6):1037-54.  

50. Fushai F, Chitura T, Oke OE. Climate-smart livestock nutrition in semi-arid Southern African 

agricultural systems. Front Vet Sci. 2025;12:57–87. doi: 10.3389/fvets.2025.1507152.  

51. Souf IB, Saidani M, Mhamdi L, Darej C, Ben Larbi M, M’Hamdi N. Nutrigenomics in precision 

livestock and poultry farming: Enhancing productivity, welfare, and sustainability through gene-

tailored diets. Veterinary and Animal Science. 2026 Sept;33:100680. Available from: 

https://pubmed.ncbi.nlm.nih.gov/42181089/  

52. Keohavong B. Digital innovation integration into biotechnology for development of sustainable 

protein frontiers for poultry nutrition in a circular bioeconomy. Poult Sci. 2026;105(2). doi: 

10.1016/j.psj.2025.106276.  

53. Mills S, Stanton C, Lane JA, Smith GJ, Ross RP. Precision nutrition and the microbiome, part I: 

Current state of the science. Nutrients. 2019;11(4):923. doi: 10.3390/nu11040923.  

54. Kussmann M, Abe Cunha DH, Berciano S. Bioactive compounds for human and planetary health. 

Frontiers in Nutrition. 2023 Jul 17;10:1193848.  

55. Ballet N, Robert JC, Williams PEV. Vitamins in forages. In: Forage Evaluation in Ruminant 

Nutrition. 2000. p. 399–431. doi: 10.1079/9780851993447.0399.  

56. Erickson PS, Anderson JL, Kalscheur KF, Lascano GJ, Akins MS, Heinrichs AJ. Symposium 

review: Strategies to improve the efficiency and profitability of heifer raising. Journal of dairy 

science. 2020 Jun 1;103(6):5700-8.  

57. D’eath RB, Arnott G, Turner SP, Jensen T, Lahrmann HP, Busch ME, Niemi JK, Lawrence AB, 

Sandøe P. Injurious tail biting in pigs: how can it be controlled in existing systems without tail 

docking?. animal. 2014 Sep;8(9):1479-97.  

58. Martin GB, Fordyce G, McGowan MR, Juengel JL. Perspectives for reproduction and production 

in grazing sheep and cattle in Australasia: The next 20 years. Theriogenology. 2024;230:174–182. 

doi: 10.1016/j.theriogenology.2024.09.017.  

59. Zhang S, Lai C, Zhao J, Wang J. Big data and AI-powered modeling: A pathway to sustainable 

precision animal nutrition. Adv Sci. 2025;12(41). doi: 10.1002/advs.202507564.  

60. Wei J, Ding W, Song K, Zhang Y, Luo Q, Qi C. Next-generation probiotics and engineered BEVs 

for precision therapeutics in osteoporosis. Front Nutr. 2025;12. doi: 10.3389/FNUT.2025.1581971.  

61. Acheampong S. Future of broiler farming: trends, challenges, and opportunities. Modern 

Technology and Traditional Husbandry of Broiler Farming. 2024 Sep 27;113.  

62. Abd El-Hack ME, Allam AA, Aldhalmi AK, Kamal M, Arif M, Alawam AS, Rudayni HA, Taha 

AE, Swelum AA, Elolimy AA, Madkour M. Integrating metabolomics for precision nutrition in 

poultry: optimizing growth, feed efficiency, and health. Frontiers in Veterinary Science. 2025 May 

22;12:1594749.  

10.1016/j.psj.2021.101673.
10.3389/fvets.2025.1507152.
10.1016/j.psj.2025.106276.
10.3390/nu11040923.
10.1079/9780851993447.0399.
10.1016/j.theriogenology.2024.09.017.
10.1002/advs.202507564.
10.3389/FNUT.2025.1581971.


 

International Journal of Molecular Biotechnological Research 

Volume 4, Issue 1 

ISSN: 3107-3565 

 

© STM Journals 2026. All Rights Reserved 32  
 

63. Na SW. Understanding the role of rumen epithelial host-microbe interactions in cattle feed 

efficiency. Animal nutrition. 2022 Sep 1;10:41-53.  

64. Shahzad MA. The need for national livestock surveillance in Pakistan. J Dairy Res. 2022;89(1):13–

18. doi: 10.1017/S0022029922000012.  

65. Shahzad MA. The need for national livestock surveillance in Pakistan. J Dairy Res. 2022;89(1):13–

18. doi: 10.1017/S0022029922000012.  

10.1017/S0022029922000012.
10.1017/S0022029922000012.

