


Impact of gut microbiota on reproductive health of domestic animals: A Review

ABSTRACT
The animal gut microbiota made up of trillions of gastrointestinal tract microorganisms functions as a crucial part of metabolic processes as well as immunity and reproductive health. The microbiome–gut–reproductive axis (MGRA) demonstrates how gut microbial patterns regulate reproductive hormones together with ovarian function and immune responses and fertility in dairy animals. A microbial imbalance develops from diet disturbances and antibiotic usage and metabolic stress which causes systemic inflammation and hormonal disruption. The hypothalamic-pituitary-gonadal (HPG) axis experiences control through short-chain fatty acids (SCFAs) and endotoxins that originate from microbial metabolites. The reproductive tract of animals contains its unique microbial ecosystem which develops from ascending and hematogenous and environmental microbial pathways. Recent research demonstrates that dysbiosis leads to endometritis together with irregular estrous cycles and lower conception rates. The use of probiotics together with prebiotics and microbiota transplantation shows promise as they work to rebuild eubiosis while increasing reproductive performance. The understanding of MGRA can lead to sustainable non-antibiotic approaches for dairy fertility improvement.
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1. Introduction
The success of dairy animal reproduction remains essential for keeping up productivity levels and profitability in modern farming systems. The maintenance of optimal reproductive health requires proper endocrine control together with immune system strength and successful reproduction along with birth success (LeBlanc, 2023). The gastrointestinal microbiota functions as an essential complex community of bacteria and archaea and fungi and viruses that helps maintain host homeostasis from birth through adulthood. The gut microbiome combines these microbial organisms with all their genetic information (Marchesi & Ravel, 2015).
The process of gastrointestinal tract colonization starts immediately after newborn arrival. Ruminants acquire their microbiota development through the combination of birth delivery methods and contact with maternal vaginal and fecal matter along with environmental influences (Fonty et al., 1987; Mizrahi, 2013; Ashonibare et al., 2024). The development of mature microbial communities influences both immune system development and nutritional extraction processes and hormonal regulation.
The microbiome–gut–reproductive axis (MGRA) provides evidence that gut microbiota influences reproductive functions through intricate mechanisms that involve endocrine processes and immune system regulation and metabolic operations (Chen et al., 2017; Scolari et al., 2018; Schoenmakers et al., 2019). Modern research proves that dysbiosis leads to decreased estrogen metabolism along with elevated systemic inflammation which disrupts the hypothalamic-pituitary-gonadal axis (Zhao et al., 2020; Baker et al., 2017).
Historically, the uterus and other reproductive organs were assumed sterile. High-throughput sequencing technology revealed unique microbial communities in the uterus and vagina and cervix which demonstrates how these microorganisms affect reproductive health and immune response (Sheldon & Dobson, 2004; Piersanti & Bromfield, 2019; Nesengani et al., 2017; Appiah et al., 2020).
Medical professionals traditionally linked dairy animal reproductive dysfunctions to hormonal problems or infections yet modern studies show microbial homeostasis plays an essential role. The connection between gut health and disease origin matches the wisdom of Hippocrates from ancient times (Baker et al., 2017).
The review brings together contemporary research on dairy animal gut-reproductive connections to describe MGRA mechanisms while investigating microbiota-based solutions for reproductive wellness.
2. Development and Composition of Gut Microbiota in Dairy Animals
The initial gut colonization of dairy calves starts right after birth as it depends on delivery methods and maternal contact along with environmental exposure. The initial microbiota acquisition for vaginal-delivery calves occurs through the birth canal and perineal region while cesarean-delivery calves receive their microbiota from maternal skin and their surrounding environment (Ashonibare et al., 2024). The birth process allows Trueperella pyogenes alongside Staphylococcus and Clostridium and Bacteroides and Ureaplasma and Mannheimia to seed the microbial population (Zambrano-Nava, 2011; Laguardia-Nascimento et al., 2015; Bicalho et al., 2017; Gomez et al., 2019).
Ruminants are born with an empty gut that rapidly becomes populated with essential microbial communities which control digestion and develop immune functions (Fonty et al., 1987; Mizrahi, 2013). The rumen ecosystem develops its dominant obligate anaerobic microbial composition from Firmicutes and Bacteroidetes phyla which drive fermentation and energy production (Quaranta et al., 2019). The Firmicutes community members predominantly occupy the duodenum and ileum while Proteobacteria members mainly reside in the jejunum to absorb nutrients and preserve intestinal homeostasis (Mao et al., 2015).
The Firmicutes phylum (70–81%) together with Bacteroidetes (18–26%) leads the large intestine microbial community which performs vital functions in vitamin production and electrolyte maintenance. The microbial communities exhibit stability and diversity patterns that respond to diet variations alongside age progression and stress conditions and antimicrobial usage (Zhao et al., 2020).
A newborn calf's microbial diversity at the beginning of its life shapes its future gut and metabolic strength. Early nutrition problems combined with antibiotics and stressful animal handling methods create a predisposition for dairy calves to develop metabolic issues and immunodeficiency and reproductive problems in their later lives (Malmuthuge & Guan, 2017; Uyeno et al., 2023; Paz et al., 2022).
3. Factors that affect gut microbiota of dairy animals
Dairy animal gut microbiota exists as a dynamic system which responds to various internal and external factors to determine its composition and stability. External factors either support microbial homeostasis (eubiosis) or create dysbiosis which results in damaged metabolic and immune and reproductive functions.
3.1. Diet Composition
The primary factor that determines gut microbial arrangement comes from the diet. The consumption of high-concentrate diets increases fermentable carbohydrates but simultaneously produces acidic conditions that decrease microbial diversity. Forage-based diets provide better conditions for maintaining stable microbial populations that specialize in fibrolitic fermentation (Plaizier et al., 2018). Sudden dietary transitions cause disturbances in microbial equilibrium that leads to subacute ruminal acidosis and systemic inflammation.
3.2. Antibiotic Usage
The usage of broad-spectrum antibiotics causes indiscriminate suppression of beneficial microbes allowing pathogenic microbes to multiply while damaging gut-immune defences (Kim et al., 2021). The excessive use of antibiotics creates antimicrobial resistance which poses an increasing threat to dairy herd health management.
3.3. Age and Developmental Stage
Gut microbiota undergoes major changes during various life stages. The process of neonatal colonization is vital because disruptions during this period known as "immunological imprinting" can lead to enduring impacts on gut resilience and disease susceptibility (Malmuthuge & Guan, 2017).
3.4. Environmental and Management Practices
The combination of hygiene practices with housing arrangements and ventilation systems and stress factors from weaning and transportation and regrouping operations significantly changes the microbial population. When dairy management fails to provide proper conditions enteric pathogens become more common while microbial diversity decreases (Mayer et al., 2021).
3.5. Host Genetics
The host's genetic makeup determines how microbes colonize their gut as well as their tolerance to mucosal immune responses and their rumen functionality. Animals consuming the same diet develop different microbial patterns because their genetic makeup influences their microbial communities (Paz et al., 2022).
3.6. Health Status
The gut microbiota undergoes changes when the body experiences both localized or systemic diseases which damage gut walls. Mastitis together with metritis frequently appear alongside gut dysbiosis to demonstrate the connection between the gut and reproductive and immune systems (Zhao et al., 2020).
3.7. Feed Additives and Supplements
The microbial ecosystem receives beneficial modifications through the addition of probiotics (Lactobacillus, Bifidobacterium), prebiotics (inulin, FOS), essential oils, organic acids and enzymes. The additives help generate SCFAs and decrease endotoxemia while simultaneously enhancing nutrient absorption (Uyeno et al., 2023).
4. Microbiome-Gut-Brain Axis (MGBA) in Mammals
Mammals maintain a complex MGBA that enables gut microbiota to communicate with their central nervous system (CNS) through neuroendocrine signals and immune reactions and neural connections. The MGBA functions as a crucial pathway which controls mammalian emotional states and stress responses together with behavioral patterns and general body functioning.
4.1. Immunoregulatory Pathways
The immune cells interact with gut microbes through MAMPs to release cytokines including IL-6 and TNF-α along with prostaglandin E2 and neuroactive metabolites that affect brain function and HPA (hypothalamic–pituitary–adrenal) axis operations (Mayer et al., 2021).
4.2. Neuroendocrine Signaling
Enteroendocrine cells throughout the gut produce twenty different types of hormones as well as neurotransmitters that include serotonin and dopamine and γ-aminobutyric acid (GABA). SCFAs derived from microbial metabolism increase the output of neuroendocrine hormones that control cortisol production and direct behavioral and immunological reactions (Marchesi & Ravel, 2015).
4.3. Neural Communication via ENS and Vagus Nerve
Through the enteric nervous system (ENS) known as the "second brain" the gut transmits sensory information to the CNS by working with the vagus nerve. The neural connection enables the coordination of motility and appetite control and emotional processing.
4.4. Toxic Metabolites and Brain Health
Microorganisms during rumen fermentation create D-lactic acid and ammonia as toxic byproducts. The brain function experiences disruption from these circulation-borne byproducts which cause sleep cycle disturbances and stress sensitivity elevation and hypothalamic feedback loop alterations (Uyeno et al., 2023).
The mentioned pathways show how the state of gut microbes significantly affects both cognitive states and physical health. Research indicates that disturbances in the axis through dysbiosis or metabolic stress lead to feeding behavior changes reproductive inefficiency and stress-induced infertility in livestock (Baker et al., 2017; Zhao et al., 2020).

5. Microbiome–Gut–Reproductive Axis: Hormonal, Immune, and Microbial Interactions
The microbiome–gut–reproductive axis (MGRA) represents a dynamic communication system which allows microbial communities to control reproductive functions through endocrine and immune and metabolic mechanisms (Chen et al., 2017; Scolari et al., 2018; Schoenmakerset al., 2019). Recent research disproves the conventional idea of a germ-free reproductive tract by showing through metagenomic studies that the uterus, cervix and vagina maintain complex reproductive microbiomes (Sheldon & Dobson, 2004; Piersanti & Bromfield, 2019; Appiah et al., 2020).
Fig 1 : 	Microbiome-Gut-Reproductive axis (MGRA)
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5.1 Microbial Colonization and Communication Channels
The reproductive tract receives microbial colonization through:
• Ascending Migration: The presence of shared E. coli and Fusobacterium strains from feces and uterus shows that these microorganisms move directly postpartum (Jones et al., 2020).
• Hematogenous Transmission: Systemic signaling occurs through the circulation of bacterial DNA that includes Fusobacterium and Bacteroides which come from the gut (Nagaraja & Lechtenberg, 2007; Jeon et al., 2017).
The vaginal microbiota contains Firmicutes Bacteroidetes and Proteobacteria as its dominant species (Nesenganiet al., 2017) but the uterine community consists of Proteobacteria Tenericutes and Fusobacteria which regulate immune tolerance and endometrial receptivity.
5.2 Microbial Metabolites and Endocrine Modulation
The body uses short-chain fatty acids (SCFAs) including butyrate as signaling molecules which serve as systemic signals. The SCFAs influence dairy cattle by affecting follicular growth and regulating endometrial function while controlling estrus cycles (Ulfinaet al., 2015). Research indicates that elevated lipopolysaccharide (LPS) levels from gut dysbiosis affect FSH:LH ratios which indicates hypothalamic–pituitary–gonadal (HPG) axis disruption (Wang et al., 2020; Boukhliq& Martin, 1997).
The enzymatic activities of microorganisms specifically β-glucuronidase play a crucial role in estrogen recycling through enterohepatic circulation (Ashonibareet al., 2024; Qi et al., 2021). Clostridium species convert glucocorticoids into biologically active androgens which links microbial metabolism to complete endocrine profiles in the body (Yang et al., 2016; Kumari et al., 2024).
5.3 Pregnancy-Associated Microbial Shifts
During pregnancy maternal microbiota transforms its structure to support fetal growth and maintain maternal-fetal immunological tolerance. Notably:
The vaginal microbiota reaches stability during pregnancy through the dominance of Lactobacillus species which produce an acidic protective environment (Romero et al., 2014).
The microbial signatures during pregnancy enhance both energy production and anti-inflammatory signaling (Koren et al., 2012).
The hormonal changes occurring during pregnancy modify the oral and gut microbial communities which affects the body's immune system operations (Borgo et al., 2014). The study demonstrates that an extensive oral–gut–reproductive axis exists but remains poorly understood regarding its impact on reproductive health.
5.4 Postnatal Programming and Immunological Priming
During the postnatal period breastfeeding along with colostrum feeding helps transfer vital microbial taxa and oligosaccharides to newborns. The processes lead the formation of gut microbial succession (Bäckhedet al., 2015).They activate intestinal immune responses and develop barrier defenses.Microbiota-driven metabolic programming affects future fertility potential during later life (Vyklicka&Lishko, 2020).The maternal microbiota triggers a sequence of hormonal and immunological and metabolic signals which build reproductive resistance in offspring.
5.5 Dysbiosis and Reproductive Disorders
The combination of elevated Bacteroides and Porphyromonas with decreased Lachnospiraceaeor Acinetobacter levels defines dysbiotic states that are strongly linked to postpartum uterine involution delays and endometritis occur together with delayed recovery (Miranda-CasoLuengoet al., 2019; Moreno et al., 2022).Metabolic-reproductive disorders including PCOS, infertility, and endometrial hyperplasia are linked to dysbiosis (Baker et al., 2017; Chadchanet al., 2022). Researchers have not established definitive connections yet yet they continue to research microbiota-targeted strategies including probiotics and dietary modulation to enhance traditional reproductive therapy outcomes (Catassiet al., 2024).
6.1. Male Reproductive Efficiency
The gut microbiota has various mechanisms which help maintain male fertility.The testes cannot produce nutrients so they require microbial-derived nutrients like amino acids and vitamins to perform spermatogenesis (Lvet al., 2024).Through its role in calcium homeostasis management the gut microbiota directly influences both testosterone synthesis and sperm development (Wang et al., 2014).Microbial–Androgen Interactions:The bacterial species Clostridium scindens performs glucocorticoid conversion to create active androgens.The dynamics of systemic testosterone levels are influenced by specific Proteobacteria that participate in androgen catabolism (Yang et al., 2016; Emenike et al., 2023).The gut functions as an extragonadal endocrine organ to influence testicular function and sperm quality and breeding capacity in dairy bulls according to the study.
6.2. Female Reproductive Efficiency
The vaginal and gut microbiota ecosystems create female fertility through their hormonal effects and immune system functions and metabolic processes, Vaginal Microbiota: About 9% of human microbiota exists in the vagina where Prevotella,Gardnerella and Bifidobacterium dominate the microbial population (Saraf et al., 2021; Gholiofet al., 2022).The intestinal bacteria containing β-glucuronidase activity breaks down estrogens in the gut to facilitate their recycling back to the liver for systemic hormonal adjustment (Chadchanet al., 2022).Clinical Implications of Dysbiosis: Imbalanced gut or vaginal microbiota have been associated with reproductive pathologies including;Polycystic ovarian syndrome (PCOS), Endometrial hyperplasia, Infertility, Endometriosis (Baker et al., 2017; Chadchanet al., 2022). The majority of dysbiotic states develop into systemic metabolic disorders like obesity and insulin resistance which show how the gut affects reproductive health in general.
7.  Mother–Newborn Microbial Transfer
The maternal microbiome functions as the primary force that forms and develops the neonatal gut microbial ecosystem which subsequently affects immune system development together with metabolic programming and future reproductive health in dairy calves. The maternal microbes pass through various channels to reach the newborn during the gestational period as well as delivery and lactation.
7.1 Microbial Shifts During Gestation
Pregnancy leads to major microbiota changes throughout the oral cavity and gastrointestinal tract and reproductive tract because of hormonal changes and dietary modifications and antibiotic use and immune system changes (Codagnoneet al., 2019; Zhou et al., 2020). Lactobacillus spp. dominates the vaginal microbiota in late pregnancy to form an acidic environment which safeguards the fetus by blocking pathogens (Romero et al., 2014).
7.2 Vertical Microbial Transmission at Birth
Delivery methods determine the fundamental microbial load transferred to newborns.The birth process of vaginal delivery allows maternal vaginal and fecal microbiota mainly containing Lactobacillus Bifidobacterium and other beneficial anaerobic bacteria to pass down to the newborn (Rautavaet al., 2012).The interruption of microbial succession through cesarean delivery leads skin-associated and environmental taxa to become dominant thus delaying immune priming.The early contact with microbes shapes how the gut develops its architecture while maintaining its barrier strength and affects its ability to fight off infections.
7.3 Breastfeeding and Postnatal Microbiota
The microbial assembly of the gut receives guidance through the bacterial elements and oligosaccharides that exist within breast milk. In calves:The gut of breastfed neonates becomes home to Bifidobacteria that reach levels of 90% and B. adolescentis dominates their microbial community (Coppa et al., 2011).The gut microbiota of formula-fed newborns shows decreased diversity and generates less short-chain fatty acids.
The microbial metabolites butyrate and acetate promote calcium absorption that remains essential for sperm motility and capacitation according to Vyklicka&Lishko (2020).The interaction between maternal microbes and newborns shapes tolerance to the immune system and endocrine processes and future reproductive capacity. The establishment of proper microbial transfer through maternal nutrition combined with restricted antibiotic use during periparturient periods and early-life microbial contact represents a crucial method to build herd reproductive strength.
8. Folic Acid, Gut Microbiota, and Reproduction
Folic acid (vitamin B9) serves as a vital compound for DNA repair together with nucleotide formation and methylation reactions and reproductive processes. The human body acquires a large portion of its folate supply from dietary intake yet the gut microbiota generates additional folate through microbial production and absorption processes.
8.1 Microbial Production and Host Absorption
The gut microbiota includes Salmonella enterica together with Bifidobacterium spp., Lactobacillus spp., Clostridium difficile and Streptococcusthermophilus as significant folate-producing bacteria (Cai et al., 2022). The absorption of folates synthesized by microorganisms in the colon through proton-coupled folate transporters functions as a critical mechanism for host micronutrient storage.
8.2 Impact on Male Fertility
Research shows that sufficient levels of folic acid lead to improved semen parameters, Reduced sperm DNA fragmentation, Enhanced testicular tissue integrity. Folate functions at a cellular level to defend germ cells against oxidative damage and DNA strand breakage and apoptosis which sustains spermatogenic potential in dairy bulls (Cai et al., 2022).
8.3 Gut–Testis Immune Axis
Systemic translocation of bacterial endotoxins (LPS) through intestinal permeability caused by dysbiosis negatively affects testicular immune function (Guo et al., 2020). The disturbance of this system breaks down the blood–testis barrier which creates inflammation together with oxidative stress in the gut–testis axis.The modulation of gut microbiota through specific approaches enhances folate production while decreasing systemic endotoxemia to create a new method for improving reproductive strength in dairy males.
9. Strategies and Tools for Manipulating the Microbiota
Research linking microbial dysbiosis to reproductive dysfunction has accelerated the creation of microbiota-focused interventions for dairy herd health. The precision-based approaches function to achieve microbial balance while decreasing antibiotic requirements and improving reproductive outcomes.
9.1  Limitations of Conventional Antibiotics
Systemic antibiotics used to treat reproductive tract infections present several key drawbacks to their application.The treatment has non-specific effects because it kills beneficial microbes along with pathogenic organisms.The repeated use of antibiotics creates antimicrobial resistance which has become a major worldwide concern.The elimination of beneficial microbes disrupts both immune system regulation and physical barriers in the body (Zhang et al., 2019; Goldstone et al., 2021).Research shows that dairy systems face reduced fertility parameters and major economic losses because of excessive antibiotic use which drives the search for alternative treatments (Al-Qadiri et al., 2020).
9.2 Prebiotics: Fueling Beneficial Microbes
Prebiotics consist of non-digestible dietary substrates such as inulin along with fructooligosaccharides (FOS) and galactooligosaccharides (GOS) which drive the growth of commensal bacteria (Yang et al., 2021). The reproductive advantages of prebiotics includeMineral absorption increases due to calcium and zinc, Endotoxemia decreases while inflammation decreases, The hypothalamic-pituitary-gonadal axis receives indirect effects from prebiotics (Torok et al., 2011)
9.3 Probiotics: Precision Microbial Modulation
Lactobacillus and Bifidobacterium strains among probiotics promote reproductive well-being through their actions by competitive exclusion of pathogens, enhanced mucosal immunity, Uterine involution speeds up after giving birth (Hill et al., 2014)
The vaginal administration of probiotics demonstrates potential to modify local microbial communities while it helps restore estrous cyclicity and boosts fertility rates (Patras et al., 2020). Intravaginal formulations serve as a substitute for antibiotics while avoiding the development of antibiotic resistance.
9.4 Toward a Microbiota-Targeted Paradigm
Prebiotics and probiotics enable a change from using broad-spectrum treatments for symptoms to specific methods that regulate ecosystems. Future research will focus onStrain-specific formulations, Controlled-release delivery systems, Microbiome diagnostics for individualized interventions. These approaches demonstrate a fundamental change in reproductive management because they unite veterinary therapeutics with microbial ecology.
10. Microbiota Transplantation: A Novel Therapeutic Approach for Reproductive Dysbiosis in Dairy Cattle
The therapeutic intervention of microbiota transplantation (MT) provides a new approach to restore microbial balance by moving beneficial microbes from healthy donors to patients with dysbiotic conditions. The veterinary application of this practice in dairy reproductive management is becoming more relevant despite its initial origins in human and canine medicine.
10.1 Fecal Microbiota Transplantation (FMT)
FMT has been widely proven for treating recurrent Clostridium difficile infections as well as antibiotic-resistant pathogens in humans and dogs (Saha et al., 2019; Wu et al., 2023). Research showing its effectiveness in treating metabolic syndrome and inflammatory bowel disease and immune dysregulation supports its potential use in reproductive health management (Cullin et al., 2021).The close proximity of the reproductive tract to the fecal area in cattle enables natural microbial transfer primarily after birth.The anatomical position of the reproductive tract in cattle allows for strategic FMT delivery to modulate the gut-reproductive axis (Queradaet al., 2021).
10.2 Vaginal Microbiota Transplantation (VMT)
The development of vaginal microbiota transplantation has brought forth significant positive findings. Research using mouse models demonstrated that VMT successfully reestablished vaginal microbiota equilibrium while lowering Gardnerella vaginalis counts and treating reproductive disorders (Weng et al., 2024).Although still in experimental stages for large animals, the idea of specific vaginal microbial restoration through strain selection creates novel strategies to address endometritis and estrous irregularities together with antibiotic-resistant infections.
10.3. Benefits and Challenges
Advantages:
•Precision microbial modulation
•Non-antibiotic alternative for persistent dysbiosis
•Potential to reduce treatment failures in subclinical and recurrent reproductive disorders
Challenges:
•Need for donor screening and microbial safety validation
•Regulatory and ethical hurdles in veterinary FMT
•Lack of standardized protocols for strain selection and engraftment monitoring
These approaches demonstrate a fundamental change from suppressing all bacteria to restoring the natural balance which supports worldwide sustainability in livestock healthcare.
11. Evidence from Studies Linking Gut Microbiota and Reproductive Health
Current research demonstrates the functional significance of the microbiome–gut–reproductive axis (MGRA) through its ability to link microbial variations with hormonal responses metabolic changes and reproductive measures throughout different dairy animal physiological states and disease conditions.
The microbial oscillations during estrous cycle during estrus in buffaloes Sharma et al. (2021) documented that microbial patterns shifted dynamically with Clostridiales rising and Bacteroidales remaining present specifically. The examined taxa strongly linked to serum estradiol concentrations which indicates that microbial communities possibly support hormonal priming and endometrial receptivity.Hormone–microbiota cross-talk during synchronization,Wuet al. (2022) studied Simmental cows undergoing estrus synchronization and found substantial relationships between their fecal microbiota and crucial reproductive hormones (FSH, LH, progesterone and oxytocin). The results from functional enrichment analysis showed that microbial processes involved energy metabolism and immune system regulation. GnRH did not show any relationship because it originates from the central hypothalamus or because it lacks gut receptor expression.
According to Gu et al. (2023) HOS cows showed decreased amounts of Ruminococcusand Marasmitruncus beneficial genera. Systemic oxidative stress and delayed reproductive recovery occurred in mice after receiving fecal microbiota transplantation from HOS cows through which their oxidative biomarkers increased while their glutathione peroxidase activity decreased. The microbiota of dairy cows with clinical endometritis exhibited distinct bacterial patterns according to Shi et al. (2025) as they contained increased amounts of Fusobacterium, Trueperella and Porphyromonas. The microbial patterns of subclinical endometritis patients matched those of disease-free cows which indicates immune dysregulation might play a more significant role than microbial imbalance in early-stage disease development.Gohil et al. (2023) extracted Lactiplantibacillus plantarum and Pediococcuspentosaceus from healthy cow vaginal microbiota before delivering them vaginally to buffaloes with clinical endometritis. The treatment improved estrus return rates and exhibited strong in vitro inhibition of E. coli and Staphylococcus aureus, without harboring virulence genesvalidating the therapeutic potential of microbiota-based strategies.The research supports MGRA theory by showing microbial patterns serve as both clinical markers and potential therapeutic solutions. Research confirms that reproductive methods based on microbiome knowledge have a solid scientific foundation and work effectively in clinical settings.
12. Conclusion and Future Perspectives
The gut microbiota functions as a central controller of reproductive processes in dairy animals by creating complex endocrine and metabolic pathways which affect fertility and hormonal equilibrium and immune response. This review demonstrates how the microbiome–gut–reproductive axis (MGRA) works through the interlinking of microbiome and gut and reproductive systems which leads to endometritis and estrous irregularities and subfertility.The MGRA presents a two-way communication system which shows reproductive hormones affect microbial communities while the microbiota responds to these hormonal signals. The complexity of this system creates possibilities for precise microbial ecosystem regulation to promote reproductive wellness.
The use of microbiota-targeted strategies offers promising additional methods for reproductive health management but more extensive field trials are needed. These approaches need additional development to achieve their full potential through the following steps:Mechanistic insights into strain-specific microbial functions. Standardized protocols for clinical application in livestock. Longitudinal studies to assess safety, efficacy, and production outcomes& microbiome-informed diagnostics and biomarkers for early disease detectionThe combination of metagenomics with metabolomics and host-response profiling will help researchers detect microbial patterns which forecast reproductive success. Such tools will also aid in tailoring interventions based on animal genotype, physiological state, and environmental conditions.Field outcomes from microbiome research will require ongoing collaboration between reproductive physiologists and microbiologists and nutritionists and field veterinarians. The transformation will boost reproductive efficiency while making dairy herd management align with global One Health goals and antimicrobial stewardship targets.Scientists once viewed the microbiome as an invisible partner in livestock health but now recognize its role as the key director of fertility. The application of microbiome potential could transform how modern dairy systems handle reproduction management.
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