


Review Article
Gut Health Markers to Improve Livestock and Poultry Productivity: A Review

Abstract
Gut health has emerged as a pivotal determinant of livestock and poultry productivity, with markers providing critical insights into the structural and functional status of the gastrointestinal tract. Gut health is synonymous in animal production industries with animal health. Although there does appear to be a direct relationship between animal performance and a “healthy” gastrointestinal tract (GIT), there is no clear definition for “gut health” that encompasses a number of physiological and functional features, including nutrient digestion and absorption, host metabolism and energy generation, a stable microbiome, mucus layer development, barrier function, and mucosal immune responses. Key anatomical indicators such as villus height, crypt depth, mucosal thickness, goblet cell density, rumen papillae morphology, capillary density, and gut-associated lymphoid tissue (GALT) development are strongly associated with nutrient absorption, barrier integrity, immune competence, and microbial interactions. Targeted anatomical interventions—including dietary modulation, probiotics, prebiotics, phytogenic additives, and optimized feed structures—have demonstrated measurable improvements in these gut health markers. Enhanced villus architecture and rumen papillae increase absorptive surface area, while strengthened mucosal barriers and tight junction integrity reduce pathogen translocation and metabolic stress. Moreover, the modulation of gut microbiota and short-chain fatty acid production further influences gut morphology and function. Collectively, these anatomical interventions not only improve feed conversion efficiency, growth performance, and disease resilience but also support sustainable animal agriculture by reducing antibiotic dependence. This review highlights the significance of anatomical markers as reliable tools to assess gut health and underscores their potential in guiding precision-based strategies for improving livestock and poultry productivity.
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Introduction 
Gut health, encompassing the digestive system from mouth to rectum, is crucial for overall well-being. It significantly impacts digestion, nutrient absorption, immunity, and even mental health.  Optimal gut health is of vital importance to the performance of production animals. The integration of gross, histological, and neuroanatomical markers with practical interventions—such as dietary modulation, microbial supplementation, and in-ovo/in-utero nutrient strategies—can significantly improve animal health and performance. Anatomical structures such as the intestinal mucosa, gut-associated lymphoid tissue (GALT), ruminal papillae, and enteric nervous system play central roles in maintaining gut functionality. Gut health is a pivotal determinant of livestock productivity, impacting nutrient absorption, immunity, and growth performance. While microbiological and biochemical aspects of gut health are well-studied, anatomical markers and interventions remain underexplored. This review highlights key gut health markers from an anatomical perspective and discusses current and emerging anatomical interventions that enhance gut structure and function Livestock productivity is intimately linked to gastrointestinal (GI) health, particularly the structural integrity and function of the digestive tract. Gut health encompasses not only the microbial environment but also the anatomical components such as mucosal thickness, villi structure, gut-associated lymphoid tissue (GALT) development, and neuro-epithelial communication. Anatomical markers offer direct insight into the absorptive, protective, and immune functions of the gut. Hence, anatomical interventions aimed at enhancing gut health represent a promising frontier in veterinary science (Pluske et al., 2018; Celi et al., 2017). The gastrointestinal tract (GIT) plays a central role in nutrient digestion, immune modulation, and barrier protection against pathogens in both livestock and poultry (Sugiharto et al.,1016; Ducatelle et al.,2018). Functional medicine experts say that these markers are crucial for overall health, as they impact digestion, nutrient absorption, and immune function.  Understanding and manipulating these markers offer a novel pathway to optimizing productivity in livestock. Gut health is increasingly recognized as a critical determinant of animal productivity, welfare, and resistance to disease. Among the various parameters used to evaluate gut health, structural markers offer direct insights into the functional integrity and physiological status of the intestinal tract (Fig.1).
These markers might be divided into following category:
1. Structural markers
2. Functional markers
3. Immunological markers
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Fig 1 : Gut health and its association                            Fig 2 : Classification of GUT markers
1. Structural Markers of Gut health: 
Structural markers refer to measurable anatomical and histological features that reflect the morphology, absorptive capacity, and barrier function of the gut (Fig.2). These include villus height, crypt depth, the villus-to-crypt ratio, goblet cell distribution, gut wall thickness, capillary density, and the integrity of tight junctions (Table-1). In poultry, additional structures such as cecal tonsils and Peyer’s patches are vital indicators of gut-associated lymphoid tissue (GALT) development, which plays a pivotal role in mucosal immunity.Alterations in these structural markers are closely linked with stress, diet composition, pathogen load, and overall health status. Therefore, understanding and monitoring these features provide essential diagnostic and prognostic tools for improving gut function and enhancing livestock productivity. Advances in histology, immunohistochemistry, and digital image analysis have further enabled precise and reproducible quantification of these structural attributes.
1.1Villus height and crypt depth:
 Villus height, crypt depth, and the villus height to crypt depth (VH:CD) ratio in the small intestine serve as primary indicators of nutrient absorptive capacity. Increased villus height and decreased crypt depth are associated with enhanced digestive efficiency (Montagne et al., 2003). The intestinal epithelium is a highly dynamic structure that plays a critical role in nutrient digestion, absorption, and barrier function. Two key histo morphological parameters—villus height (VH) and crypt depth (CD)—are widely used as structural markers of gut health in livestock and poultry. These parameters reflects the functional capacity and regenerative status of the intestinal mucosa and are sensitive to dietary, microbial, and environmental influences. Villus height and crypt depth are fundamental indicators of gastrointestinal health, providing essential insights into nutrient absorption capacity and mucosal regeneration. The VH:CD ratio, in particular, serves as a sensitive marker of gut integrity and function in response to nutrition, pathogens, or environmental stressors. Their assessment is indispensable in both research and practical evaluations of gut health interventions in livestock and poultry.
Villus Height (VH): 
Villi are mucosal projections that amplify the surface area of the small intestine, facilitating efficient nutrient absorption. Increased villus height is directly correlated with enhanced absorptive capacity and improved growth performance (Montagne et al., 2003; Samanya and Yamauchi, 2002). The shortened villi are indicative of mucosal injury due to inflammation, pathogenic insult, or poor nutrition, leading to compromised absorption and productivity (Yason et al., 1987).
Crypt Depth (CD): 
Crypts of Lieberkühn are invaginations at the base of the villi where stem cell proliferation and epithelial renewal occur. Deeper crypts generally indicate increased cellular turnover due to villus injury or epithelial shedding (Pluske et al., 1997). While some crypt development is normal during growth, excessive crypt hyperplasia is often associated with inflammation or gut stress (Xu et al., 2003).
Villus Height to Crypt Depth Ratio (VH:CD)
The VH:CD ratio is a key index that integrates absorptive efficiency and tissue regeneration. A higher VH:CD ratio suggests a healthy gut with optimal nutrient absorption and low epithelial turnover, while a lower ratio reflects more intestinal damage (Awad et al., 2009; Marković et al., 2009). This ratio is particularly useful in evaluating dietary interventions, especially the efficacy of feed additives, probiotics, or anti-inflammatory agents.
Species-Specific Applications
· In poultry, VH and CD are most frequently measured in the duodenum, jejunum, and ileum to assess the impact of nutritional strategies or disease challenges (Xu et al., 2003).
· In swine, these markers are essential in studying weaning stress and intestinal adaptation (Pluske et al., 1997).
· In ruminants, although adult animals rely heavily on forestomach digestion, VH and CD remain relevant in the small intestine, especially in young calves and during disease or parasitism (Gresse et al., 2017).
1.2 Goblet cell density (GCD):
It contributes to the epithelial barrier function and mucus secretion (Uni et al., 1998).A higher goblet cell density is generally indicative of optimum mucosal defence system,howeverless goblet cells are associated with compromised barrier function, increased intestinal permeability, and susceptibility to infections and inflammation (Smirnov et al., 2006). In production animals, changes in GCD have been correlated with stress, diet composition, pathogen load, and antibiotic use (Forder et al., 2007; Wang et al., 2022).Goblet cell density is a reliable structural marker of gut health, reflecting the mucosal barrier's capacity to protect against pathogens, support microbial symbiosis, and maintain epithelial integrity. Its quantification provides valuable insight into the impact of nutritional, environmental, and pathological factors on intestinal health, particularly in livestock and poultry production systems.
Regional Variation in Goblet Cell Density are noted as:
· Higher in the colon and cecum, where microbial load is highest.
· Lower in the duodenum, due to less exposure to pathogens (Smirnov et al., 2006).
Goblet cell density can be measured by using:
· Histological staining methods such as Periodic Acid-Schiff (PAS) and Alcian Blue.
· Image analysis software to determine goblet cells per villus or per unit area of intestinal tissue (Forder et al., 2007).
Studies showed that prebiotics, probiotics, and synbiotics can enhance goblet cell density, contributing to gut health improvement and productivity.Forder et al. (2007) reported that dietary supplementation with fermentable carbohydrates increased goblet cell numbers in the ileum of weaned pigs.Cheled-Shoval et al. (2014) and Pandey (2024) found that synbiotic supplementation increased goblet cell counts in the jejunum of broilers.Wang et al. (2022) observed an increase in GCD in broilers fed with phytogenic feed additives, correlating with reduced inflammation and better growth performance.
1.3 Mucosal thickness:
The mucosa consists of (1) Epithelium: Lined by enterocytes and goblet cells for absorption and mucus production. (2) Lamina propria: Connective tissue containing blood vessels, lymphatics, and immune cells. (3) Muscularis mucosae: Smooth muscle layer aiding local movement. The gastrointestinal mucosa serves as the first interface between the host and ingested substances, including feed, microbes, and environmental toxins. Mucosal thickness, a morphometric parameter reflecting the integrity and functionality of the intestinal wall, is considered an important marker of gut health in domestic animals. Variations in mucosal thickness are influenced by age, nutrition, stress, microbial load, and disease, and can provide insights into the digestive capacity, immune status, and absorptive efficiency of the animal.
Mucosal thickness typically includes the distance from the muscularis mucosae to the luminal surface, and may include villi and crypts in the small intestine. This measurement reflects mucosal development, regeneration, and functional competence.
Increased mucosal thickness, especially with elongated villi and deep crypts, signifies a larger surface area for nutrient absorption and enzyme activity (Montagne et al., 2003; Uni et al., 1999).A thicker mucosa enhances the physical barrier function of the gut, reducing microbial translocation and improving resistance to pathogens.The mucosa harbors gut-associated lymphoid tissue (GALT). Changes in mucosal thickness can reflect immunological responses to dietary and environmental stimuli (Abdelli et al., 2021).
· In neonates, mucosal thickness is lower and increases with gut maturation.
· In weaned piglets and chicks, abrupt dietary changes may cause villus atrophy and mucosal thinning (Pluske et al., 1997; Uni et al., 1999).
· Probiotics, prebiotics, and phytogenics have been shown to increase mucosal thickness and villus height in poultry and swine (Awad et al., 2009).
· Low-quality feed, anti-nutritional factors, or mycotoxins may reduce mucosal thickness, indicating impaired gut function (Abdelli et al., 2021).
· Weaning stress, transportation, infections (e.g., coccidiosis) can damage the mucosa, leading to thinning and crypt hyperplasia (Gonzalez-Ortiz et al., 2016).
· Enteric pathogens such as E. coli or Salmonella disrupt mucosal integrity and alter thickness.
· While antibiotic growth promoters (AGPs) historically improved gut morphology, their restriction has led to alternative strategies like synbiotics and phytogenics (Gadde et al., 2017).
· Small intestine (especially jejunum and ileum): Thicker mucosa due to nutrient absorption demands.
· Large intestine: Moderate mucosal thickness adapted to water absorption and microbial fermentation.
· Ruminants: The abomasum shows mucosal thickness changes related to diet and microbial adaptation (Moran et al., 2002).
Mucosal thickness is assessed by using:
· Histological techniques (H&E, PAS staining),
· Light microscopy with image analysis software,
· Quantification in micrometers from histological slides, often alongside other parameters such as villus height, crypt depth, and villus-to-crypt ratio.
1.4 Rumen Papillae Density & Morphology
The rumen is the largest chamber of the ruminant stomach and plays a pivotal role in fermentation, nutrient absorption, and host-microbe interactions. The inner surface of the rumen is lined by numerous papillae, finger-like projections of the mucosa that significantly increase the surface area for absorption of volatile fatty acids (VFAs) and other metabolites. The density, size, shape, and distribution of rumen papillae are reliable morphological indicators of gut health and functionality in ruminants.Papillae are covered by stratified squamous epithelium and lack villi or crypts unlike the small intestine. Their structure adapts dynamically in response to diet, age, and microbial activity.
Key morphological markers of rumen health include:
a. Papillae Density (number of papillae per cm²)
· High density indicates enhanced absorptive surface, often correlated with high-concentrate diets and increased VFA production.
· Low density may reflect poor development due to undernutrition or delayed weaning 
b. Papillae Length and Width
· Increased length and width of papillae suggest optimal fermentation and epithelial adaptation.
· Shortened or atrophied papillae occur in low-fermentable fiber diets, or under ruminal acidosis.
c. Interpapillary Distance
· Reduced spacing between papillae contributes to more efficient VFA absorption.
· Greater spacing may indicate hypoplastic or undeveloped rumen mucosa.
4. Factors Influencing Papillae Development
a. Diet Composition
· High-energy, concentrate-rich diets stimulate papillary growth due to greater butyrate production.
· Forage-based or poor-quality diets often result in thinner mucosa and reduced papillae development.
b. Age and Weaning
· Neonatal ruminants exhibit poorly developed papillae.
· Rumen papillary growth begins with solid feed introduction and is accelerated by early weaning and grain feeding.
c. Rumen pH and Fermentation
· Chronic ruminal acidosis leads to epithelial damage, inflammation, and papillae blunting or fusion.
d. Microbial Metabolites
· Butyrate, among VFAs, is most trophic to rumen epithelial development.
· Microbial balance and probiotic use can modulate papillae structure (Malhi et al., 2013).


1.5 GALT (GUT Associated Lymphoid Tissue):
Gut health is a dynamic and multifactorial concept involving optimal digestion, efficient nutrient absorption, mucosal barrier integrity, and immune competence. A key immunological component of gut health is the Gut-Associated Lymphoid Tissue (GALT)—a vital part of the mucosa-associated lymphoid tissue (MALT) system. The development, structure, and function of GALT serve as critical markers of gut immunity and overall gut health, particularly in domestic animals facing high environmental and microbial loads.
GALT consists of organized lymphoid structures and diffuse immune cells distributed along the gastrointestinal tract, including:
· Peyer’s patches (PP) in the small intestine,Ileal and cecal tonsils in birds, Isolated lymphoid follicles, Lamina propria lymphocytes and intraepithelial lymphocytes, Mesenteric lymph nodes (MLNs)
· Sampling and processing antigens from the gut lumen
· Initiating mucosal immune responses
· Maintaining tolerance to dietary and commensal antigens
 GALT Development in Domestic Animals
a. Ontogeny
· GALT structures begin developing in utero or during early postnatal life, depending on the species.
· Ruminants: Peyer’s patches are visible by mid-gestation; ileal PP acts as a primary lymphoid organ.
· Poultry: Cecal tonsils and Peyer’s patches begin forming by day 15–18 of incubation (Bar-Shira et al., 2003).
b. Postnatal Maturation
· Microbial colonization and dietary exposure stimulate GALT maturation after birth/hatching.
· Early microbial exposure (e.g., through probiotics, maternal fecal contact) enhances GALT growth and immune readiness.
a. Size and Cellularity of GALT Structures
· Increased size or cellularity of Peyer’s patches and other GALT elements suggests:
· Enhanced mucosal immune surveillance
· Adequate antigenic stimulation
· Proper immune system maturation
· Hypoplasia or atrophy of GALT is linked to immune suppression, malnutrition, or chronic enteritis.
b. Lymphocyte Composition
· A balanced population of B cells (IgA+, IgM+), T-helper (CD4+), and cytotoxic (CD8+) T cells is essential for gut immunity.
· Altered ratios can indicate dysbiosis, immune immaturity, or disease.
c. Secretory IgA (sIgA) Production
· GALT regulates sIgA synthesis, which plays a major role in:
· Neutralizing pathogens
· Modulating gut microbiota
· Maintaining epithelial integrity
High levels of sIgA correlate with healthy mucosal immunity, while low levels may reflect poor GALT development or function.
Table-1 . Structural Markers of gut health
	Marker
	Anatomical Basis
	Relevance

	Villus Height / Crypt Depth Ratio (VH:CD)
	Duodenal, jejunal mucosa
	Indicator of nutrient absorption

	Goblet Cell Density
	Intestinal lining
	Mucus secretion & barrier function

	Mucosal Thickness
	Small & large intestine
	Reflects gut wall integrity

	Rumen Papillae Density & Morphology
	Rumen
	Surface area for VFA absorption

	GALT Development
	Peyer's patches, tonsils, cecal tonsil
	Immune defense and tolerance



2.0 Functional markers of GUT Health:
2.1 Tight Junction Protein Expression (e.g. Occludin, Claudin)
The intestinal epithelium forms the primary interface between luminal contents and systemic circulation, and its integrity is largely maintained by tight junctions (TJs), which are multiprotein complexes regulating paracellular permeability. Functional disruption of TJs is increasingly recognized as a hallmark of impaired gut health in both humans and animals.
Occludin, the first identified TJ transmembrane protein, is essential for sealing the paracellular space and maintaining barrier selectivity. Reduced occludin expression has been consistently associated with increased epithelial permeability and susceptibility to enteric infections and inflammatory responses (Turner, 2009). Claudins, a family of over 25 proteins, play dual roles as either barrier-forming (e.g., claudin-1, claudin-3, claudin-5) or pore-forming (e.g., claudin-2) components, thus finely regulating ion and solute passage across the gut epithelium (Günzel & Yu, 2013). Alterations in claudin expression profiles have been reported under conditions of heat stress, mycotoxin exposure, and pathogenic infections in livestock (Song et al., 2020). Additionally, the cytoplasmic scaffolding proteins zonula occludens (ZO-1, ZO-2, ZO-3) anchor occludin and claudins to the actin cytoskeleton, and are widely used as molecular indicators of gut barrier integrity (Lee, 2015).
Several endogenous and exogenous factors modulate TJ protein expression. Nutritional interventions such as glutamine, butyrate, and probiotics have been shown to enhance TJ protein abundance and restore epithelial barrier function in poultry and swine (Roselli et al., 2017). Conversely, stressors including weaning, transport, and heat exposure downregulate occludin and claudin expression, leading to compromised gut barrier function (Pearce et al., 2013). Pathogenic bacteria such as Escherichia coli and Salmonella disrupt TJ organization, further exacerbating intestinal inflammation and permeability (Ulluwishewa et al., 2011).
From a methodological standpoint, TJ proteins can be assessed by quantitative PCR, Western blotting, and immunohistochemistry in intestinal tissues. Functional correlation with transepithelial electrical resistance (TEER) and permeability assays (e.g., FITC-dextran flux) provides a comprehensive evaluation of epithelial barrier health. In veterinary research, tight junction expression profiling is increasingly employed to assess gut integrity under nutritional trials, disease models, and environmental challenges.
In summary, tight junction protein expression—particularly occludin, claudins, and ZO-1—represents a robust functional marker of gut health. Their dynamic regulation reflects the gut’s ability to respond to dietary, microbial, and environmental factors, making them indispensable targets for evaluating and improving intestinal barrier function in livestock production systems.
2.2 Capillary Density
Gut health is critically dependent on an adequate blood supply that delivers oxygen, nutrients, and immune cells to the intestinal mucosa while simultaneously removing absorbed nutrients and metabolic waste. Capillary density—the number of capillaries per unit tissue area—is emerging as an important functional marker of gut health, reflecting both the physiological state of the gut and its capacity to support nutrient absorption and barrier integrity (Table.2).
In livestock and poultry, nutritional and environmental factors strongly influence gut microvascularization. For instance, dietary supplementation with butyrate, glutamine, and omega-3 fatty acids has been shown to stimulate angiogenesis and increase capillary density in the intestinal mucosa (Vaugelade et al., 2003; Yao et al., 2019). Similarly, probiotics and prebiotics may indirectly promote mucosal vascularization through the production of short-chain fatty acids (SCFAs), which act as signaling molecules for endothelial growth. Conversely, weaning stress, heat stress, and mycotoxin exposure are associated with villus atrophy, reduced capillary supply, and impaired gut absorptive capacity (Pearce et al., 2013).
Pathophysiological conditions further highlight the role of capillary density as a gut health marker. Inflammatory responses trigger angiogenesis; however, the newly formed vessels may be structurally abnormal, leading to inefficient perfusion and increased intestinal permeability (Granger &Kvietys, 2015). Reduced or dysfunctional microcirculation has also been linked to necrotic enteritis in poultry and post-weaning diarrhea in piglets, conditions where mucosal ischemia and impaired nutrient transport play central roles.
Methodologically, capillary density can be quantified through histomorphometry, immunohistochemistry (CD31, von Willebrand factor), and intravital microscopy. In animal studies, correlations between villus height, crypt depth, and capillary density provide a composite measure of gut functional capacity (Taniguchi et al., 2008). Thus, assessing capillary density alongside epithelial and immune markers can provide a more holistic picture of gut health.The  capillary density is a valuable functional marker of gut health, representing the gut’s ability to sustain metabolic demands, support barrier integrity, and adapt to nutritional or environmental challenges. Incorporating microvascular health into gut health assessment frameworks will improve our understanding of host–diet–microbiota interactions and aid in designing strategies to optimize livestock productivity and resilience.
2.3 Neurochemical Markers (e.g. VIP, Substance P)
The gastrointestinal tract harbors a complex network of neurons known as the enteric nervous system (ENS), often referred to as the “second brain.” This network regulates motility, secretion, blood flow, and immune interactions, thereby playing a central role in maintaining gut health. Neurochemical markers, which include neurotransmitters, neuropeptides, and their receptors, are increasingly recognized as functional indicators of gut health. Alterations in their expression or activity reflect changes in gut physiology and pathophysiology.Among the most studied neurochemical markers are acetylcholine (ACh), serotonin (5-hydroxytryptamine, 5-HT), vasoactive intestinal peptide (VIP), nitric oxide (NO), and substance P (SP). Each of these contributes to specific aspects of gut function:
Acetylcholine (ACh): The primary excitatory neurotransmitter in the ENS, critical for stimulating smooth muscle contraction and secretory activity. Reduced cholinergic signaling is associated with hypomotility and constipation, while overactivation contributes to diarrhea (Furness, 2012).
Serotonin (5-HT): Secreted by enterochromaffin cells, 5-HT regulates peristalsis, secretion, and visceral sensitivity. Dysregulated serotonin pathways are implicated in irritable bowel syndrome (IBS) and stress-induced gut dysfunction in animals (Mawe& Hoffman, 2013).
Vasoactive Intestinal Peptide (VIP): A neuropeptide with anti-inflammatory and immunomodulatory effects, promoting smooth muscle relaxation and epithelial barrier protection. Downregulation of VIP is linked with inflammatory bowel diseases (Tao et al., 2016).
Nitric Oxide (NO): Synthesized by enteric nitrergic neurons, NO induces smooth muscle relaxation and modulates vascular tone. Impaired NO signalling leads to dysmotility and microvascular dysfunction (Bult et al., 1990).
Substance P (SP): A neuropeptide involved in excitatory neurotransmission and neurogenic inflammation. Elevated SP is associated with increased permeability, mast cell activation, and visceral hypersensitivity (Steinhoff et al., 2014)..........
External factors such as diet, microbiota, and stress strongly influence these neurochemical markers. For example, probiotics modulate serotonin and GABA signalling pathways, contributing to improved motility and stress resilience (Barrett et al., 2012). Heat stress and weaning stress in livestock alter ENS neurochemistry, impairing motility and epithelial barrier integrity (Zhou et al., 2020). Moreover, mycotoxins and bacterial toxins disrupt neurotransmitter balance, aggravating enteric dysfunction.Assessment of neurochemical markers is carried out by immunohistochemistry, in situ hybridization, high-performance liquid chromatography (HPLC), and ELISA, often in combination with functional motility assays. In veterinary medicine, profiling ENS neurochemistry provides insights into gut health under diverse nutritional, infectious, and environmental challenges.In conclusion, neurochemical markers serve as valuable functional indicators of gut health, bridging neural, immune, and epithelial interactions. Their dynamic regulation underlines the importance of gut–brain communication and offers opportunities for nutritional and therapeutic interventions aimed at enhancing livestock performance and resilience.
2.3 Short Chain Fatty Acid (SCFA) Levels
Short-chain fatty acids (SCFAs), primarily acetate, propionate, and butyrate, are the main end-products of microbial fermentation of dietary fibers and resistant starches in the gut. These metabolites are increasingly recognized as functional gut health markers, since their production reflects microbial activity, host–microbiota interactions, and intestinal homeostasis.In production animals, SCFA profiling serves as a functional biomarker for gut health, productivity, and disease resilience. For instance, higher butyrate levels correlate with improved feed efficiency in poultry, while balanced acetate:propionate ratios are linked to optimal rumen fermentation in cattle (Bach et al., 2005). SCFA monitoring, therefore, provides a non-invasive tool for evaluating dietary interventions and microbial modulation strategies. High SCFA levels are generally indicative of a healthy, fiber-fermenting microbiota and good gut function. Conversely, reduced SCFA production has been linked to dysbiosis, increased permeability, and inflammatory gut conditions in animals and humans. In livestock, low SCFA levels are associated with post-weaning diarrhea in piglets, necrotic enteritis in poultry, and ruminal acidosis in cattle (Cummings et al., 2004; Tan et al., 2014). SCFA levels can be quantified in intestinal digesta, feces, or blood using gas chromatography (GC), high-performance liquid chromatography (HPLC), or nuclear magnetic resonance (NMR) spectroscopy. These methods provide valuable insights into microbial fermentation efficiency and gut metabolic status.
Table-2. Functional Markers
	Marker
	Anatomical/Physiological Link
	Relevance

	Tight Junction Protein Expression (e.g. Occludin, Claudin)
	Epithelial lining
	Gut permeability & barrier health

	Capillary Density
	Submucosa & serosa
	Nutrient and oxygen delivery

	Neurochemical Markers (e.g. VIP, Substance P)
	Enteric nervous system
	Gut motility & inflammation control

	Short Chain Fatty Acid (SCFA) Levels
	Fermentation chambers (e.g. rumen, colon)
	Energy source for gut epithelium



3.Immunological markers:
The gut is not only a digestive organ but also a major immunological site, housing nearly 70% of the body’s immune cells within the gut-associated lymphoid tissue (GALT). A finely tuned interaction between epithelial barriers, microbiota, and immune components maintains intestinal homeostasis. Dysregulation of this balance results in inflammation, barrier dysfunction, and systemic disease. Consequently, immunological markers—including cytokines, immunoglobulins, and innate immune mediators—serve as important functional indicators of gut health in both humans and livestock.
3.1 Cytokines as gut health markers:
Cytokine profiles are highly reflective of gut immune status.Pro-inflammatory cytokines such as TNF-α, IL-1β, IL-6, and IFN-γ are upregulated during enteric infections, stress, or dysbiosis, indicating compromised gut health.Anti-inflammatory cytokines such as IL-10 and TGF-β play protective roles, suppressing excessive inflammation and maintaining tolerance to commensal bacteria (Kagnoff, 2014).In livestock, a balanced Th1/Th2 cytokine response is critical: an excessive Th1 response predisposes animals to gut inflammation, while an exaggerated Th2 profile is linked with hypersensitivity (Meurens et al., 2012).
3.2. Immunoglobulins (IgA) as gut integrity indicators:
Secretory IgA (sIgA) is the most abundant immunoglobulin in the intestinal lumen, produced by plasma cells in Peyer’s patches and lamina propria.High sIgA levels indicate effective mucosal defense, as sIgA neutralizes pathogens and toxins without triggering inflammation.Reduced sIgA is associated with increased susceptibility to enteric infections and poor gut resilience (Mantis et al., 2011).Thus, sIgA is widely regarded as a non-invasive immunological marker of gut health, measurable in intestinal fluid or feces.
3.3 Innate immune mediators:
Markers such as defensins, lysozyme, and lactoferrin reflect the functional state of innate mucosal defence. Paneth cell-derived antimicrobial peptides, for example, not only suppress pathogen growth but also shape microbial community composition. Altered expression of these peptides signals a disruption in host–microbiota homeostasis (Bevins & Salzman, 2011).
3.4. Immune cell infiltration and activation:
Histological markers such as increased intraepithelial lymphocytes, macrophage activity, and dendritic cell density are observed in gut dysfunction. Flow cytometric analysis of T-cell subsets (Th17/Treg balance) also serves as an advanced immunological marker of gut health status (Cerf-Bensussan& Gaboriau-Routhiau, 2010).
3.5. External modulators of immunological markers:
Diet: Prebiotics, probiotics, and SCFAs upregulate IL-10 and sIgA, promoting tolerance and barrier protection.
Stress and toxins: Heat stress, mycotoxins, and pathogenic infections elevate TNF-α and IL-6, reflecting gut barrier compromise (Lallès et al., 2007).
Microbiota: Dysbiosis leads to inappropriate immune activation, whereas symbiotic microbiota promote immunoregulation via dendritic cell signaling and Treg induction.
In livestock and poultry, immunological markers are increasingly used to evaluate gut health under nutritional interventions, vaccination strategies, and environmental stress. For example, increased IL-10 and sIgA levels are correlated with improved resilience in piglets post-weaning, while elevated TNF-α serves as a biomarker for enteric inflammation in poultry exposed to Clostridium perfringens.
 Conclusion
The gut health markers such as villus height, crypt depth, mucosal thickness, goblet cell density, rumen papillae morphology, and capillary density hold significant potential for enhancing livestock productivity. By strengthening barrier integrity, optimizing nutrient absorption, and supporting gut-associated immune structures, these interventions bridge the structural–functional gap between diet, microbiota, and host physiology. Tailored approaches that account for species, age, and production systems not only improve growth efficiency and disease resilience but also reduce reliance on antibiotics, contributing to sustainable and welfare-oriented animal agriculture. Gut health markers offer a promising approach to improving livestock productivity. By understanding and enhancing the structural and functional components of the gut, veterinarians and producers can optimize health and performance while reducing dependency on pharmaceuticals. Future research integrating anatomical, microbial, and genomic insights will be critical to advancing this field.
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