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    FOREWORD


    

    

    

    

    

  


  
    Embark on an illuminating exploration into the intricate universe thriving within us: the realm of gut microbiota. This comprehensive book unravels the profound interplay between these microscopic inhabitants and human health, unveiling their pivotal roles in various physiological processes and disease states.


    The human gut hosts a vibrant ecosystem, populated by trillions of microorganisms encompassing bacteria, viruses, fungi, and archaea. Collectively, they constitute the gut microbiota—a dynamic community with far-reaching impacts on our well-being. From facilitating digestion and nutrient uptake to modulating our immune responses and influencing mood and cognition, the gut microbiota is a cornerstone in nearly every facet of human health.


    Initially, the book establishes a robust groundwork, defining the gut microbiota and examining its multifaceted composition. It explores the varieties of prebiotics that nourish these microbial communities and the metabolites generated by probiotics, illuminating the intricate biochemical processes occurring within our intestines.


    Venturing further, the book uncovers the critical role of gut microbiota in conditions such as inflammatory bowel diseases (IBD), obesity, cardiovascular diseases, Type 2 diabetes, and even ocular ailments. Each segment offers an in-depth examination of the respective condition, elucidating the intricate links between gut microbiota dysbiosis and disease development. Additionally, cutting-edge treatment modalities, ranging from microbiota-targeted therapies to innovative interventions were discussed.


    A particularly fascinating facet of gut microbiota research is its relevance to neurological disorders, underscoring the profound connection between gut health and brain function. Through the gut-brain axis, the microbiota exerts influence over neurological well-being, potentially unlocking novel therapeutic avenues for conditions like Alzheimer's disease, Parkinson's disease, and depression.


    The book also delves into diverse strategies for modulating the gut microbiota, encompassing probiotics, prebiotics, faecal microbiota transplantation, and dietary modifications. These interventions present promising opportunities for fostering a balanced gut microbiome and reducing disease risk.


    Exploring the realm of gut microbial metabolites reveals their potential as diagnostic markers and therapeutic targets. From advancing drug development to enabling personalized medicine, these metabolites hold transformative potential for healthcare and disease management.


    In the concluding chapters, the future trajectory of gut microbiota research, spotlighting emerging trends, untapped frontiers, and the challenges and prospects on the horizon has been contemplated. The ongoing pursuit to decode the intricacies of the gut microbiota promises to yield fresh insights into human health and disease, catalysing innovative interventions and personalized therapeutic strategies.


    I ardently hope that this book serves as an invaluable resource for researchers, healthcare professionals, and anyone captivated by the profound impact of gut microbiota on human health. May it kindle curiosity, stimulate discussions, and guide us towards a deeper appreciation of the microbial cosmos dwelling within us.


    
      Sreenivas Patro Sisinthy

      Associate Professor, University of Nottingham, Selangor, Malaysia
    

  


  


  


  
    PREFACE


    

    

    

    

    

  


  
    The phrase "gut microbiota" has become widely used among scientists and researchers over time. The diverse population of microorganisms directly involved in the body's normal homeostasis and illness states resides in the human gastrointestinal tract. A man's diet and the frequency of infectious diseases determine how much of the microbiota population remains in adulthood after it has grown in the body during infancy.


    Before its role in drug absorption was discovered, it was thought that the microbiome was mostly involved in food digestion. Over time, it became clear that the microbiome system is crucial to the body's ability to fight against illness. The particular products of the microbiome are essential to the process of digestion. However, as science advanced and human curiosity grew, it became interesting to see how the microbiota was linked to a number of disorders. After extensive investigation, it was shown that the majority of the diseased state develops as a result of variety in the gut's microbial community.


    The idea for writing this book came about as a result of the knowledge regarding the significance of microbiota in human health. The "gut microbiota" plays a role in controlling various systems and is not limited to the alimentary canal. The book's chapters go into greater detail about the role that gut microbes play in the development of conditions like Inflammatory Bowel Disease, Type 2 Diabetes, obesity, cardiovascular problems, neurological disorders, and other conditions. The tactics that would provide an appropriate microbe are also covered here, as the proliferation of the microbiome has become vital in the body.


    By reading the book, academics and researchers will gain a grasp of the fundamental physiology and homeostatic changes associated with specific diseases caused by the "gut microbiota," as well as the potential implications of the microbiome and its metabolites for human health.


    We sincerely hope that the book will pique readers' curiosity, assist the medical community recognise the significance of the human microbiome in illness prevention and maintaining homeostasis, and provide a natural means of preserving good health for all.


    
      Sandipan Dasgupta

      Department of Pharmaceutical Technology
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      Nadia-741249, West Bengal, India
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      Abstract


      The gut microbiota, a diverse assemblage of microorganisms inhabiting the gastrointestinal tract, profoundly influences human health and disease. Comprised of bacterial taxa such as Bacteroidetes, Firmicutes, Actinobacteria, and Proteobacteria, this intricate ecosystem engages in symbiotic interactions with the host, exerting regulatory effects on various physiological processes. Prebiotics, indigestible dietary fibers including inulin, oligosaccharides, and resistant starches, selectively nourish beneficial gut bacteria, promoting their proliferation and metabolic activity. Through fermentation, prebiotics yield short-chain fatty acids (SCFAs) such as acetate, propionate, and butyrate, pivotal in supporting intestinal health and function. Probiotics, live microorganisms administered in sufficient quantities, confer health benefits through producing metabolites such as vitamins, enzymes, and SCFAs during fermentation. These bioactive compounds contribute to immune modulation, nutrient absorption, and the preservation of gut epithelial integrity. The profound importance of gut microbiota extends beyond gastrointestinal health, impacting metabolic, immune, and neurological functions. Dysbiosis, characterized by perturbations in microbial composition, has been implicated in a spectrum of disorders, including inflammatory bowel diseases, obesity, and neurodegenerative conditions. Understanding the diversity of gut microbiota and their metabolites is pivotal for devising targeted interventions to modulate microbial communities and optimize health outcomes. Metagenomic investigations have unveiled distinct microbial signatures associated with dietary habits, diseases, and physiological states, underscoring the dynamic nature of the gut microbiome and its potential as a therapeutic avenue.
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      INTRODUCTION


      The gut microbiota, which includes bacteria, viruses, fungi, and archaea, is a complex and varied collection of microorganisms that live in the human gut. This microbial ecology affects many body processes, including digestion, immunological response, and even mental health, and is essential to preserving general health and well-being. The complex link between the gut microbiota and human health has been made clear by developments in microbiology and genetics over the last several decades. These developments have highlighted the gut microbiota's potential influence on various ailments, including autoimmune diseases, metabolic disorders, and gastrointestinal disorders. It is becoming increasingly obvious that comprehending this microbial universe is essential to developing novel approaches to the prevention and treatment of a range of medical disorders. The gut flora plays a crucial role in nutrient absorption. These microbes are needed for metabolizing or breaking down necessary components so that the host may absorb them more easily [1].


      Beyond its involvement in digestion and nutrient absorption, the gut microbiota also helps to support our body's immunity. The microbial community serves as a barrier to stop dangerous bacteria from colonizing. These beneficial bacteria are added to various vegetable juices, creating what are known as probiotic juices (Fig. 1). These probiotic juices offer various advantages, as they combine the benefits of a plant-based diet with the presence of beneficial bacteria and high nutritional value.


      [image: ]
Fig. (1))

      Stage in probiotic action of fruits and vegetable juice

      The gut microbiome's structure is dynamic and influenced by a number of internal and external factors. The microbial community is mostly determined by nutrition, with various dietary habits affecting the variety and abundance of certain bacteria. Poor lifestyle choices, such as stress and inactivity, may change how the gut microbiota functions. Additionally, while antibiotics are often required to cure infections, their usage might upset the delicate balance of the microbial population [2].


      
        What is Gut Microbiota?


        A varied population of bacteria called the gut microbiome (MB) inhabits the gastrointestinal tracts of all animals, including humans. This intricate ecosystem is crucial for maintaining health and influencing a variety of physiological activities [3]. The bacteria that live in the human gut are mostly bacteria, with thousands of different species living together. These microbes play an important role in processes including vitamin production, nutrition absorption, and digestion. Additionally, the gut microbiota plays a critical role in maintaining intestinal equilibrium, protecting against dangerous invaders, and strengthening the immune system. Dysbiosis, or an imbalance in the gut's microbial ecology, may lead to many health issues, such as metabolic irregularities, autoimmune diseases, and gastrointestinal disorders [4].


        Maintaining a diverse and well-balanced microbial community is important to maintain good complex relationships between general human health and gut microbiota.

      

    


    
      COMPOSITION OF GUT MICROBIOTA


      A diverse range of bacteria, viruses, fungi, and other microorganisms comprise the gut microbiota, a complex microbial population that resides in the digestive system. The gut microbiota is composed primarily of hundreds of distinct bacterial species and is dynamically influenced by a variety of factors (Detailed impact of different microbes is described in Table 1).


      Individual genetic differences contribute to the early colonization and stability of these bacteria. The quantity and diversity of gut microorganisms are influenced by nutrition, with dietary fiber, probiotics, and prebiotics being important factors. An emerging field of study that holds promise for tailored healthcare methods and possible therapies to support optimum well-being is the recognition of the intricate interactions between the makeup of the gut microbiota and external factors [5].


      
        Table 1 Importance of gut microbiome.


        
          
            
              	Microbe

              	Description

              	Function

              	Importance

              	Refs.
            

          

          
            
              	Bacteria (Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria)

              	Dominant group, with thousands of species.

              	Vitamin synthesis, pathogen protection, and metabolism.

              	Overall health, is an intricate link to human well-being.

              	[6-8]
            


            
              	Viruses (Bacteriophages)

              	Target specific bacteria and regulate gut ecosystem.

              	Potential for novel gut health therapies through understanding interactions with bacteria.

              	Potential for novel gut health therapies.
            


            
              	Fungi (Candida species)

              	Less abundant than bacteria, contributes to gut community

              	Complex symbiotic relationship with other microbes.

              	Deepens understanding of human health.
            


            
              	Archaea

              	Adaptable, found in diverse environments

              	

              	Potential for future gut health therapies.
            

          
        


      


      
        Factors Influencing Gut Microbiota Composition Include


        
          Diet


          Within the fields of microbiology and nutrition, there is growing interest in the relationship between food and gut health (Fig. 2).


          The connections among immunity, gut health, and dietary fiber are essential as the composition of the gut microbiota influences immune function. A diet high in fiber promotes a diverse microbiota, which is essential for gut health. Short-chain fatty acids (SCFAs), which promote gut integrity and appetite regulation, are produced when gut bacteria digest dietary fiber. These molecules function as energy sources and signaling molecules and influence metabolism, inflammation, and immunological responses. Compounds like polyphenols and antioxidants in fiber-rich diets reduce oxidative stress and inflammation, potentially lowering the risk of metabolic conditions, including type 2 diabetes and obesity [1, 9].

        


        
          Antibiotics


          The complex equilibrium of gut flora is greatly impacted by antibiotics, which are heralded as essential weapons in the fight against bacterial diseases. Human gastrointestinal systems are home to a diverse variety of microorganisms that are essential for everything from immunological protection to digestion. Although antibiotics are very effective at eliminating undesirable bacteria, their careless usage seriously harms the gut's beneficial and harmful microorganisms. This wide-ranging attack may upset the balance, resulting in transient or extreme situations. In the long-term, it changes the composition of microorganisms, known as dysbiosis [10].


          [image: ]
Fig. (2))

          Gut microbiota-influencing factors.

          Antibiotics are essential for treating bacterial infections, but it is important to recognize how they affect the gut microbiota. We may strengthen the resilience of this vital ecosystem and protect our general well-being by maintaining the delicate balance of the gut microbiome.

        


        
          Genetics


          The interaction of the gut and genetis reveals the vast diversity of microbial communities within the human digestive system. Genetic factors encode crucial elements for immune responses, mucin production, and nutrient metabolism, shaping the unique microbial ecosystem. These genetic influences extend to the immune system's interactions with gut microbes, influencing the delicate balance crucial for a healthy microbial community. Understanding how genetic variations affect responses to interventions like diet or probiotics could lead to personalized recommendations for optimizing the gut microbiota. Ultimately, this intricate relationship offers promising avenues for promoting health and addressing various diseases through personalized interventions [11].

        


        
          Age


          The gut microbiota evolves dynamically throughout life, shaping distinct microbial profiles at different stages. This ecosystem plays a vital role in overall well-being and physiological processes. Aging and factors like lifestyle and health status further alter microbial diversity. The gut microbiome ecology is impacted by aging, and this has an effect on the brain and other human organs (Fig. 3). Understanding this progression is crucial for developing customized therapies that support gut health at all stages of life.


          [image: ]
Fig. (3))

          Relation between GUT and health.
        

      

    


    
      TYPES OF PREBIOTICS AND THE METABOLITES GENERATED BY PROBIOTICS


      Prebiotics are indigestible substances that are vital for promoting the growth and health of beneficial microorganisms. Probiotics, which are live microorganisms injected into the body, differ from the bacterial populations that live in the gastrointestinal system.


      Prebiotics are substances that serve as a source of nourishment for the existing beneficial microorganisms, encouraging their growth and metabolic activity and supporting the health and function of the gut microbiota. As research in this field progresses, the recognition of prebiotics as essential components for gut health underscores their potential to promote overall well-being by fostering a thriving and diverse microbial community in the gastrointestinal tract. Some common types of prebiotics include:


      
        Inulin


        Inulin, a valuable dietary component found in various plants such as chicory root, garlic, and onions, serves as a beneficial soluble fiber with notable impacts on gut health. This carbohydrate, belonging to the group of substances known as fructans, is distinguished by its resistance to digestion in the upper gastrointestinal tract, allowing it to reach the colon intact.


        One of the key roles of inulin lies in the proliferation and metabolic engagement of symbiotic bacterial flora within the gastrointestinal tract. Bifidobacteria are recognized for their positive effects on digestive health and their potential contribution to the overall balance of the gut microbiota. Inulin provides more benefits than just the effects of a prebiotic. As a soluble fiber, it forms a gel in the digestive tract, aiding in bowel regulation and promoting digestive health. It also helps maintain stable blood sugar levels and supports weight management by inducing a sense of fullness. Incorporating inulin-rich foods into one's diet, such as chicory root, garlic, and onions, can be a strategic approach to enhance gut health [12].

      


      
        Fructo-oligosaccharides (FOS)


        It represents a group of oligosaccharides similar to inulin, naturally occurring in various fruits and vegetables. As a prebiotic, FOS plays a crucial role in promoting gut health by stimulating the growth of beneficial bacteria. These carbohydrates serve as a fermentable food source for these helpful microorganisms, enhancing their growth and activity in the gut.


        Following the fermentation of FOS by these microbial communities, short-chain fatty acids are produced, serving two purposes: supplying a substrate for enterocyte metabolism along the intestinal epithelium and creating an environment that supports the growth of symbiotic microorganisms. Knowing how fructo-oligosaccharides contribute to a varied and healthy microbiome is crucial for researchers and people trying to make the best dietary decisions as interest in gut health grows [13, 14].

      


      
        Galacto-oligosaccharides


        GOS, a type of prebiotic found in human breast milk and certain legumes, plays a vital role in supporting gut health. These oligosaccharides consist of short chains of galactose molecules and function as a food supply for the good bacteria in the gastrointestinal tract.


        The presence of GOS in human breast milk underscores its significance in early development and immune system modulation. Bifidobacterium and lactobacilli, two prominent types of beneficial bacteria, thrive on GOS. These microorganisms ferment GOS to generate short-chain fatty acids., contributing to the overall well-being of the digestive system. GOS, found naturally in legumes like chickpeas, lentils, and beans, is crucial for a balanced diet, alongside breast milk. These legumes offer a dietary source of GOS, promoting a diverse gut microbiome. Research highlights the importance of a varied gut microbiota for overall health, extending beyond digestion. Including GOS-rich foods or supplements can help cultivate beneficial gut flora, supporting a healthy microbial community.

      


      
        Lactulose


        This is commonly recognized for its laxative properties and serves a dual role as a prebiotic, contributing to the promotion of beneficial bacteria within the gut. Initially developed to alleviate constipation, lactulose works by drawing water into the colon, softening stools, and facilitating bowel movements. However, its impact extends beyond the digestive process. As a prebiotic, lactulose provides a food source for the gut's beneficial bacteria, including lactobacilli and bifidobacteria. These microorganisms thrive on the fermentation of lactulose, producing short-chain fatty acids (SCFAs) in the process. SCFAs are essential for preserving gut health by creating an acidic one that encourages the development of good bacteria while preventing the spread of dangerous diseases.


        The bifunctional nature of lactulose, both as a laxative and a prebiotic, underscores its potential in promoting a healthy, balanced gut microbiome. This dual functionality positions lactulose as a compound with therapeutic potential beyond its conventional use for relieving constipation.

      


      
        Resistant Starch


        Resistant starch, a unique form of starch, plays a distinctive role in the digestive process, impacting our health in ways beyond typical starch consumption. Unlike regular starches, resistant starch is difficult to digest. Inside the small intestine's boundaries, it refrains from succumbing to digestion; rather, it traverses undisturbed to the colon, where it assumes the role of a substrate for microbial fermentation. Found in certain foods like green bananas, raw potatoes, and legumes, resistant starch contributes to the complex relationship between diet and gut health. Because this starch resists digestion in the small intestine, it reaches the colon relatively unchanged. Once there, it becomes a source of nourishment for the diverse community of microorganisms that make up the gut microbiota. There are some examples like resistant starch, found in foods like green bananas, raw potatoes, and legumes, which represents a unique dietary component that the substance exhibits resistance to enzymatic breakdown within the confines of the small intestine, persisting until it traverses its path towards the colon, where it undergoes microbial fermentation, highlights its role in supporting gut health and influencing various physiological processes.

      

    


    
      Metabolites Generated by Probiotics


      Probiotics are good bacteria that digest prebiotics in the gut to create a variety of metabolites. The host's general health benefits from these metabolites. Some key metabolites include short-chain fatty acids, vitamins, and bioactive compounds, playing crucial roles in immune function, digestion, and overall well-being. Some key metabolites include:


      
        Short-Chain Fatty Acids (SCFAs)


        These vital substances are produced in the gastrointestinal system by the fermentation of prebiotics and dietary fibers. Acetate, propionate, and butyrate are the major SCFAs, and they are all crucial for gut health. Some short-chain fatty acids, produced through the fermentation of dietary fibers and prebiotics, play multifaceted roles in gut health. These SCFAs play a crucial role in the complex interactions between gut microbiota and general health, supplying energy to colonocytes, controlling the immune system, and bolstering a robust gut barrier. Gaining knowledge of and using the advantages of SCFAs might lead to the creation of focused therapies that support and preserve gut health.

      


      
        Lactic Acid


        Lactic acid, a vital component of gut health, is produced by lactic acid bacteria, of which certain probiotic strains are particularly important. This organic acid is essential for establishing an acidic environment in the gastrointestinal system, which improves gut health in general. Probiotic supplements often include lactic acid bacteria, which are common components of the gut microbiota and include Lactobacillus and Bifidobacterium species. Lactic acid may be produced as a byproduct of the fermentation of carbohydrates by these microorganisms. This fermentation process helps maintain the ideal pH balance in the stomach in addition to facilitating the breakdown of complex carbs for energy [15]. Lactic acid-producing probiotics that are not incorporated into the diet or supplements can optimize gut microbiota by enhancing symbiotic interactions. Understanding these nuances is crucial for overall wellness. Harnessing lactic acid's benefits could improve digestive health and prevent gastrointestinal disorders.

      


      
        Biogenic Amines


        Biogenic amines, a group of naturally occurring compounds, have gained attention in the realm of gut health, particularly in the context of probiotic bacteria and fermented foods. Probiotics, beneficial bacteria known for their positive impact on the gut microbiota, have been found to produce biogenic amines, including histamine and tyramine.


        Histamine and tyramine are biogenic amines that serve important roles in the body, such as neurotransmission and immune response modulation [16]. However, when present in excessive amounts, they can have varying effects on health. High levels of histamine, for instance, have been associated with allergic reactions and inflammatory responses. These include foods like aged cheeses, sauerkraut, and fermented meats.

      


      
        B Vitamins


        It plays a crucial role in supporting various physiological functions within the body, and certain probiotic strains have been identified as contributors to their synthesis. Probiotic bacteria, including certain strains of Lactobacillus and Bifidobacterium, have been shown to produce riboflavin in the intestines. This synthesis represents a potential additional source of this vital vitamin, complementing dietary intake [17].

      

    


    
      IMPORTANCE OF GUT MICROBIOTA


      The gut microbiome plays a very crucial role in maintaining a norm, healthy lifestyle. They have different roles in lipid metabolism, insulin sensitivity, gut-brain communication, the production of vitamins, and the production of the immune system (Fig. 4). Thu, these microbiota are also found to be very effective in the treatment of different disorders, which are briefly described in Table 2.


      
        The Importance of Gut Microbial Colonization During Infancy for Immune System Development


        The gut microbiota plays a pivotal role in shaping the immune system, especially during infancy when immune maturation is most critical. Early microbial colonization influences immune responses, enhances immune tolerance, and provides protection against diseases. From birth, the gut is populated by microorganisms that interact with immune cells to support the development of T and B cells and stimulate the production of immunoglobulin A (IgA), strengthening gut immunity. This microbial exposure helps train the immune system to differentiate between harmful and harmless antigens, reducing the risk of allergies and autoimmune conditions. The process of early microbial colonization is influenced by several factors. The mode of delivery plays a significant role, as infants born vaginally acquire beneficial maternal microbiota that aids in immune system development. On the other hand, infants born via cesarean section may experience delayed colonization and lower microbial diversity, potentially affecting immune regulation. Feeding practices also contribute to microbial colonization. Breastfeeding provides essential probiotics and prebiotic materials that promote healthy gut microbiota, reducing the risk of infections and inflammatory diseases. On the other hand, formula feeding leads to a different microbial profile, which may impact immune responses. A balanced gut microbiota protects against immune-related diseases by regulating immune responses and maintaining the gut barrier. Infants with a diverse microbiome are less likely to develop conditions like allergies, asthma, and autoimmune diseases. Disruptions in early microbial colonization can lead to chronic inflammation and immune imbalances. Establishing a healthy gut microbiota during infancy is crucial for optimal immune function and long-term health. Ensuring proper microbial colonization through natural birth, breastfeeding, and minimal antibiotic exposure supports immune resilience and disease prevention [35].


        [image: ]
Fig. (4))

        The significance of gut microbiota.

        
          Table 2 Role of MB in different disorders.


          
            
              
                	Disease

                	Role of Gut Microbiota

                	Treatment
              

            

            
              
                	Type 1 diabetes

                	Factors like diet, genome, and digestive microbiota are linked to T1D development. The stomach microbiota promotes resistance to the disease, and T1D patients' intestinal mucosa is more susceptible to bacterial mucin debasement, causing the body to produce antibodies. Cardwell's group found that Caesarean section children are more likely to develop T1D [18].

                	Like probiotics, prebiotics, or fecal microbiota transplantation, these strategies aim to restore microbial balance, enhance immune regulation, and potentially delay or prevent the onset of T1D [19].
              


              
                	Type 2 diabetes

                	The gut microbiota plays a significant role in T2DM development, with patients having an alternate stomach microbiota with a lower proportion of bacteria and Bifidobacteria. This balance aids in energy elimination from food and can produce endotoxins and other diseases. F. Prausnitziias could be a valuable microbial objective for managing glucose homeostasis in T2DM patients [20, 21].

                	Targeting gut microbiota through probiotics, prebiotics, or dietary changes can improve metabolic health, reduce disease complications, and offer new therapeutic interventions [22].
              


              
                	System of the Heart

                	A study using targeted metabolomics identified pathways linking dietary lipid intake, atherosclerosis, hypertension, and the gut microbiota. Three phospholipid metabolites in the diet, phosphatidylcholine, betaine, and trimethylamine N-oxide (TMAO), were identified as independent indicators of clinical vascular events. The gut microbiota generates the precursor to TMAO, increasing the rate of cardiovascular events in patients with higher levels [23].

                	Modulating gut microbiota through diet, probiotics, or fecal transplantation shows promise in CVD management by reducing lipid deposition and hypertension [24].
              


              
                	The stomach-brain axis

                	The stomach microbiota influences the brain and spinal cord through immune system adjustments, digestion, and metabolites. It also influences the central nervous system by producing neuroactive particles and fats. The vagus nerve transmits hormone levels and neuronal activity to the brain, creating a link between the brain and the stomach-related system. Weight also influences the stomach microbiota [25, 26].

                	The gut microbiota is crucial in the stomach-brain axis, affecting mood, cognition, and behaviour. Imbalances can lead to anxiety, depression, and neurodegenerative diseases. Treatment strategies like probiotics, prebiotics, and dietary interventions can improve mental health outcomes by modulating the stomach-brain axis [27].
              


              
                	Diseases of the nervous system

                	Digestive microbiota can convert sugars into short-chain starches unsaturated fats (SCFAs), causing neuropsychiatric problems. SCFAs inhibit gastrointestinal motility and promote glucose digestion. Propionate can cause chemical imbalances in rodents, leading to chemical imbalance range disorder (ASD). Changes in microbiota can also cause mood, depression, and tension issues. Stomach microbiota is believed to be significant in disease pathogenesis [28].

                	Treatment strategies include probiotics, prebiotics, dietary changes, and fecal microbiota transplantation to restore balance and improve neurological function, potentially alleviating neurological symptoms [29].
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