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ABSTRACT

The increasing number of studies emphasizing the importance of digestion for overall well-being suggests that this is
widely recognized. The diverse community of bacteria, viruses, and fungi that make up the gut microbiome plays a
crucial role in immune system development, nutrient absorption, and digestion. Maintaining a healthy gut microbiome
requires a delicate balance between harmful and beneficial bacteria in the intestines, highlighting the complexity of gut
function and its impact on overall health. Lactobacillus and bifidobacterium species are found in fermented foods and
supplements. Probiotics, live bacteria with health benefits, offer various advantages such as improved digestion,
enhanced immune response, and reduced gastrointestinal disorders. Prebiotics indigestible fibers present in certain
foods are essential for the growth and activity of probiotic microorganisms and the maintenance of a diverse and
healthy gut microbiota. Probiotics and prebiotics work together to strengthen the intestinal barrier, reduce inflammation,
and boost immunity, resulting in a synergistic effect. Future trends in digestive health include precision
therapeutics tailored to individual microbiomes, microbiome diagnostics for argeted treatment and holistic approaches
that consider the interplay between diet, lifestyle, and gut health. The field of microbiome research is advancing rapidly
with next-generation sequencing and microbiome engineering, offering the potential for more precise and
comprehensive strategies to improve gut health and overall well-being, as well as personalized treatments and a greater
understanding of the gut microbiome’s role in both good and poor health.
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INTRODUCTION

Digestive Wellness
Overview

Digestive wellness is a key component of overall health, with a focus on proactive approaches to antiaging, optimal
well-being, and prevention, (Cummings et al, 2004), highlighting the importance of functional testing in addressing
metabolic and hepatic function. Technological advancements, such as an ontology-based herb expert system, have been
developed to treat digestive diseases and improve public health.

Understanding the Gut Microbiome

The gut microbiome is an essential part of maintenance of an individual's health being a complex population of
bacterial, viral and fungal microorganisms residing in the gastrointestinal tract (Alonso and Guarner, 2013). It has been
reported to affect digestion, absorption of nutrients and the immune system (Cummings et al., 2004), recent evidence
shows its relation to mood and other health disorders (Rogers et al., 2010). The intestinal microorganisms should not be in
a state of imbalance and should be balanced and the diet and other ways of functioning also have their impacts. It is thus
crucial to comprehend the dynamics of this internal environment so that we can learn how to make the proper choices that
will promote health and wellbeing of a person (Redondo-Useros et al., 2020).

Microbial Diversity in the Gut
Gut form and function is absolutely obviously associated with the gut microbial community structure (Panse, 2023).
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The diverse diversity of bacteria and other microorganism that is resident in our gut is known to serve a vital responsibility
of boosting the immune system, facilitating absorption of nutrients as well as digestion (Bengmark, 2013). Optimised
health is linked to a resilient microbiome, which re-emphasises pillars of health such as high fibre diversity dietary habits
(Hills et al.,, 2019)

Importance of Maintaining a Healthy Gut

Studies have enlightened the complex architecture of the gut with a focus on the role of tight junctions in maintaining
barrier function (Vancamelbeke and Vermeir, 2017). Nutrition and gut health is now the subject of many articles,
emphasizing a strong connection between the choice of food and the possibility to maintain the health of gut bacteria
(Power et al., 2014). There is a growing trend in the scientific literature toward identifying “gut health” as specific medical
outcome for patients (Baty et al., 2014). Extensive studies explore the interplay between gut microbiota, healthcare, and
health outcomes, highlighting the key features that support a healthy gut ecosystem beneficial to health, as depicted in
(Figure 1) (Rowland et al, 2018). Additionally, the impact of maintaining a balanced gut microbiota on the balance
between health and disease is elucidated, underscoring the importance of incorporating probiotics and prebiotics into
one's diet (Ballan et al., 2020).

Influence of lifestyle on gut
microbiota and mental health

Fig. 1: Shows the Influence of lifestyle on Gut microbiota and Mental health.

The Impact of Gut Microbiome on Overall Health

Research suggests that the gut microbiota plays a crucial role in regulating health and disease by influencing
metabolism and the overall well-being of the host (Fan and Pedersen, 2021). Evidence supporting the importance of early-
life microbial colonization of the gut in immune balance further underscores the significance of the human gut microbiota
(Martin et al., 2010). The relationship between food components, dietary habits, and healthy gut microbiota is explored,
emphasizing the interconnectedness that affects bioavailability (Vernocchi et al., 2020). The extensive body of research
underscores the intricate connections between gut health, microbial equilibrium, nutrition, and general health, as depicted
in (Fig. 2), underscoring the importance of maintaining gut function for optimal health outcomes (Neish, 2009).

Probiotics

The detailed examination of probiotics focuses on their historical importance, particularly as lactic acid bacteria
lactobacilli and bifidobacteria that influence gut health (Selle and Klaenhammer, 2013). The research underscores the
significance of ensuring both safety and efficacy while showcasing the numerous applications of probiotics in healthcare
and food (Sanders et al., 2010). Fig. 3 displays a common list of probiotics. An enormous amount of time is spent reviewing
the safety aspects and a very elaborate analysis is made of the safety aspects in more details outlining the toxicity,
pathogenicity, and infection risks (Anaddn et al.,, 2021). This stress the importance of using the probiotics in offsetting the
impacts of antibiotic treatment and expounds on the evolutionary history of the later (Santacroce et al., 2019).
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Fig. 2: Shows Healthy Gut's effects on General Health of a Person.

Live Microorganisms with Health Benefits

For wellbeing include probiotics or other live helpful microorganisms that have positive impacts on wellbeing (Mishra
and Acharya, 2021). Especially, Lactobacillus and Bifidobacterium help in metabolism and nutrient absorption and maintain
the balance of essential microorganisms in the gut (Reyed, 2007). There are several benefits associated with the use of
probiotics among them is enhancement of immune functions and decreased cases of gastrointestinal complications (Wang
et al, 2021). These microorganisms that exist in supplements and fermented foods such as yogurts, sauerkraut, and kefir,
support overall well-being by maintaining interaction between the constituents of the complex human microbiome
(Almutairi, 2016).

Saccharomyces boulardii Also known as Probiotic yeast used widely because it can survive in stomach Acids. It helps
to enhance the stability of the intestinal barrier, suppress the proliferative activity of undesirable bacteria along with the
regulation of beneficial bacteria, which are important for the balance of a healthy gut. Kellogg's brand supplement
ingredient base Saccharomyces boulardii as an efficient cure for gastrointestinal problems like diarrhea, hence implying it
as a valuable addition to the gut (Sen and Mansell, 2020).

Lactobacillus acidophilus is probiotic bacteria that are usually used in yogurt and other healthy foods
supplements. Immunomodulation, lactose breakdown, nutrient assimilation and, in general, gut health is supported
by it (Behnsen et al., 2013).

Types of Probiotics
Various types of probiotics offer unique health benefits (Behnsen, et al., 2013). Lactobacillus, Bifidobacterium, and
other strains are commonly studied, with recent research yielding over 67,900 results (lyer et al., 2023).

Lactobacillus

Extensive research has focused on the probiotic properties of lactobacillus strains, renowned for their diverse
applications (Zhang et al., 2018). These strains are selected and named based on their distinct characteristics, playing a
crucial role in digestive health (Patrick et al,, 2007). The investigation looks at their impact on bacterial translocation and
injury to the liver (Adawi et al., 2001).
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Fig. 3: Shows a list of Probiotics found naturally in food.

Bifidobacterium

The second most common probiotic component is bifidobacteria strains, which have many positive characteristics
described in scientific literature (Arboleya et al.: 2011). Identification of antibiotic profiles shows unique information for
therapeutic uses (Scavizzi et al., 2002).

Sources of Probiotics
Probiotic supplements are a convenient balanced and healthy gut microbiome (Sanders, 2008).

Fermented Foods
Yogurt, kefir, sauerkraut, and kimchi are some examples.
Contains abundant live bacteria that promote good digestion (Bifidobacterium, Lactobacillus).

Dairy Products
Buttermilk and certain cheeses are included.
Probiotics that assist intestinal homeostasis are present.

Non-Dairy Options
Kombucha, a fermented beverage, is one such example.

Provides Probiotics for those Unable to Consume Dairy
Probiotic Supplements
Available in powders and pills. A simple solution for anyone seeking to enhance their gut health.

Mechanism of Action of Probiotics
Maintaining a balanced gut microbial environment is essential for overall health. Probiotics operate in various ways to
deliver their beneficial effects (Hemaiswarya et al., 2013). Figure 4 illustrates these selection criteria for probiotics as follows:

1. Microbiota Balance: Inhibiting probiotics help maintaining a balanced microbiota in the digestive tract by inhibiting
the growth of harmful bacteria and promoting a diverse range of beneficial bacteria (Butel, 2014).

2. Intestinal Barrier Support: Probiotics enhance the integrity of the intestinal barrier, reducing the risk of inflammation
and, infections and acting as a defense against pathogens (Boirivant and Strober, 2007).

3. Production of Bioactive Compounds: Probiotics synthesize bioactive compounds like short-chain fatty acids that
support various physiological processes and overall health (Indira et al., 2019).

4. Immune System Regulation: Probiotics modulate the immune system by influencing cytokine production and
promoting a balanced immune response through interactions with immune cells (Sherman and Ossa, 2009).

5. Overall Well-Beingng: By strengthening immunity, aiding in digestion, and promoting general well-being. probiotics
have a wide range of positive effects on human health (Walker, 2008).
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Fig. 4: Shows the Probiotics selection criteria.

Prebiotics

Prebiotics are essential non-digestible fibers present in certain foods that serve asimportant nourishment for the
beneficial bacteria residing in the gut (Mohanty et al., 2018). Figure 5 provides a list of naturally occurring prebiotics.
Unlike probiotics, which are live microorganisms, prebiotics, act as stimulants that promote the growth and function of
these beneficial bacteria, thereby contributing to a healthy and balanced gut microbiome (Nagpal et al., 2013).

Fig. 5: Shows the list of Prebiotics found naturally in food.

Prebiotics Explained

Prebiotics, derived from fibrous fruits, vegetables, and whole grains, remain intact as they pass through the small intestine
and reach the colon without being broken down (Appanna and Appanna, 2018). They serve as a nourishing source for
probiotic bacteria in the colon, aiding in their growth and enhancing their beneficial effects (Sekhon and Jairath, 2010).
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Types of Prebiotics

The main types of prebiotics include insulin, fructooligosaccharides (FOS), galactooligosaccharides (GOS), and resistant
starch. Insulin is found in onion, garlic, and chicory root, promoting gut health. FOS, Rich in leeks, asparagus, and bananas,
encourages the growth of beneficial microorganisms. GOS, found in dairy products and legumes, supports the growth of
probiotics. Resistant starch, present in seeds, whole grains, and green bananas, bypasses digestion to reach the colon and
nourish good bacteria.

Prebiotic Sources
A variety of foods naturally contain prebiotics (Al-Sheraji et al., 2013). Here are some common sources of prebiotics:

Chicory Root: Onions and Garlic
e Rich in inulin, which promotes the growth of beneficial bacteria.

Bananas

e  Contain fructooligosaccharides (FOS), that support probiotic growth.

CELERY AND ONIONS: High in fructose, which helps cultivate a healthy gut flora.

Lentils and Legumes: Provide galactooligosaccharides (GOS) to support probiotic growth.

Whole Grains: resistant starch, which is unbroken when it enters the colon and feeds good bacteria.

Seeds
e  Contains resistant starch, supporting a diverse gut microbiota.

The Role of Prebiotics in Promoting Gut Health

Prebiotics play a crucial role in supporting intestinal well-being by providing nourishment to beneficial bacteria in the
gut (Tuohy et al,, 2003). Found in foods like chicory root, garlic, bananas, and whole grains, these non-digestible fibers
reach the colon intact and serve as vital source for the growth and activity of probiotic microorganisms (Subhashree, 2018).
Prebiotics stimulate the proliferation of these beneficial bacteria, aiding in the maintenance of a diverse and balanced gut
microbiota (Peng et al, 2020). This symbiotic relationship not only enhances nutrient absorption but also reduces
inflammation, strengthens the gut barrier, and enhances overall immune function (Sehrawat et al, 2021). Including
prebiotic-rich foods in your diet can help support a healthy gut environment, leading to improved digestion and overall
well-being (Ballan et al., 2020).

Interaction between Probiotics and Prebiotics

Probiotics, being live beneficial microorganisms, rely on prebiotics for their survival. Prebiotics, present in various
foods, provide probiotics with an undigested energy source, supporting their growth and function in the gut
(Zoumpopoulou et al., 2018). This combined action strengthens the intestinal barrier, reduces inflammation, and enhances
overall immunity, all of which contribute to maintaining a diverse and healthy microbiome (Allaire et al., 2018). The
synergetic effect of probiotics and prebiotics creates a powerful environment for optimal gut health and overall well-being,
going beyond individual benefits (Bandyopadhyay and Mandal, 2014).

Definition and Importance of Digestive Wellness

Researchers acknowledge that the idea of a "normal flora" in the digestive system can vary depending on the diet and
location (Aimutis and Polzin, 2011). Studies examining the connection between digestive health and overall well-being
highlight the importance of digestive health in (Figure 6) (Neish, 2009). In essence, the understanding and significance of
digestive wellness have expanded beyond mere substance to encompass enjoyment, entertainment, and all facets of life,
emphasizing its comprehensive impact on human health (Prescott and Logan, 2016).

Importance of Probiotics and Prebiotics

The vast number of current publications, approximately 74,200, focusing on probiotics and prebiotics highlights
the significance of these supplements in promoting health and well-being (Reid, 2008). Probiotics have been proven
to offer substantial health benefits, particularly those derived from dairy products like milk (Probiotics and
prebiotics—progress and challenges) (Mattila-Sandholm et al., 2002). These natural compounds play a crucial role in
various aspects of health, including the management of clinical conditions and disease prevention (Dillard and
German, 2000).

The term "nutritional benefits of probiotics and prebiotics” underscores the advantages of these microorganisms in
preventing and treating specific ailments (Marteau and Boutron-Ruault, 2002; Morais and Jacob, 2006). Probiotics and
prebiotics are accepted in the scientific world as having crucial functions in preserving immune homeostasis, intestinal
barrier function, and health in general (Sanders et al, 2019). These findings stress on the dietary options containing
probiotics as well as prebiotics to improve health effectiveness (Roberfroid et al., 2010).
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Fig. 6: Shows Importance of gut health in human life

The Future of Digestive Health
Digestive health is set to have a brighter future since researchers and techno-logical developments in the future are
ever likely to unveil the workings of the gut-brain axis and the microbiota (Hyland and Stanton, 2023).

Recent Advances in Microbiome Research
These insights will also continue to drive future discovery within the field of microbiome, particularly gut health. Studying
the gut-brain connection and the microbiome make it possible to offer more specific treatments (Lau et al., 2021).

Precision Probiotics and Prebiotics

Precision therapies can be seen to have a future in the future as research enters the identification of efficacy of
probiotics and prebiotics (Zommiti et al, 2020). Some attempts to improve gut microbiota might include individualised
prebiotics, particular probiotics, and dietary interventions (Vandeputte, 2020).

Microbiome Diagnosis for Initial Treatment

Such direct striving for the accurate microbiome testing might dramatically change the treatment of the abnormalities
of the gastrointestinal tracts (Malla et al, 2019). When using modern diagnostic techniques, often the anomalies or
diseases could be promptly diagnosed in order to treat the specific diseases (Kumari et al., 2023).

Holistic Strategies for Gut Health

Now, the versatility in employing strategic models that integrate the correlation between lifestyle, gut and nutrition is
said to contribute towards future growth of the market. Integrative approaches are expected to have a relatively large
impact on the value of general and gut health (Sudhakar et al., 2022). In other words, the field of digestive wellness is still
growing and availing more potentialized, the most precise, and the most holistic solutions, allowing a person to obtain
powerful resources for the betterment of his or her gut (Baty et al., 2014).

Future Trends in Digestive Wellness

As it pertains to the digestive wellness, there has been a significant change of dynamism in the nutritional and health
modicum of the current years (Birch, and Bonwick, 2019). The findings of the current and past studies plus the literature
indicate that, foods for digestive wellbeing, including fermented foods, natural fibers, and probiotics are increasingly
popular (Melini et al, 2019). On this front the industry is pondering ways on how to come up with more than standard
digestive products through exploitation of trends (Tudoran et al., 2012). The colon is getting a lot of focus now a day
because it plays a primary role in the health and disease prevention and now has taken a paradigm shift in biological
medicine (Reid et al., 2003).
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In addition, the effect of metabolizable proteins on cardiovascular health is also under investigation, and future
developments of nutrient — diets and dietary supplements today and in the future are also considered (Phillips, 2017).
Regarding probiotics and prebiotics, they have got much attention in recent years, and now the scientists are focusing on
the impact of probiotics on the gut and the connection of particular additives to other overall health categories (Sharifi-
Rad et al.,, 2020). Innovation of products with more plant proteins is a major strategy that food companies follow to meet
consumer demands for improving health and a cleaner environment (Batista et al., 2023). Marketing and wellness are
related whereby a common focus is made on digestive health products (Bublitz et al., 2013). The consumers in focus are
young people to aspire to be sustainably functional foods’ generation in 2024 and are always willing to receive health-
bearing foods (Frank et al., 2024).

What opportunities and risks functional and medicinal beverages represent are being unveiled as the market emerges,
focusing on the opportunities provided by those drinks for the support and optimization of digestion (Nazir et al., 2019).
As there are continuous researches on dairy fermentation, Lactobacillus helveticus can be identified as a possible
bacterium of future starter cultures (Ayivi and Ibrahim, 2022). More broadly, the nexus of research publications, consumers’
choices, and industrial developments will further contribute to the evolution of the digestive health market in the future
(Bigliardi and Galati, 2013).

Animal Microbiome Advancements
Modern advances in DNA sequencing have drawn curiosity into the subjective nature of animal associated
microbiome in these animals hence enabling new prospect for veterinary medicine and animal health (Gilbert et al., 2016).

Microbiome Therapeutic Potential
It fact, the microbiome has been defined as another therapeutic target in which there is an attempt to find new ways
to modify the microbiome for different treatments, especially the gut microbiome (Sorbara and Pamer, 2022).

Inhanced Clinical Investigations Through Next-Gen Sequencing

New-generation sequencing has greatly advanced the knowledge of human microbiome paving way to more medical
analysis and further improved human-oriented treatment plans (Gebrayel and Nicco, 2022).
1. Heralded by recombinant technology in microbiome therapeutics, microbiome therapeutics is rapidly developing
individualized treatments and processes that unlock the full potential of microbiome (Bober et al., 2018).

Advancements in Microbiome Therapeutics
The use of recombinant technology in microbiome therapeutics is paving the way for targeted treatments and processes
that harness the full potential of the microbiome (Bober et al., 2018).

Revolutionizing Gut Microbiome Studies
Recent molecular technologies have characterized the mechanisms and areas of potential interaction between gut
microbes and their host organism (Carr et al., 2013).

Technological Innovations in Urobiome Research
Technological development today is offering fresh ideas into the urinary system microbiome and its placement within
urology control increasing the academic understanding of the urobiome (Porto et al., 2023).

Microbiome Engineering
Microbiome engineering has been identified as a promising future area of development and further technological
development and application of microbial manipulation for several purposes (Cullen et al., 2020).

Culture Based Gut Microbiota Research
This has been very useful especially in developing culture-based approaches towards to gut microbiome as a way of
fostering the culture and social aspects of the microbial ecology and the effects on human health (Milani et al., 2017).

Impact on Pediatric Health

Recent developments in the field of DNA sequencing have also provided a better appreciation of the human gut
microbiome with practical implications to pediatric care and the understanding of the Microbiome and pediatric diseases
(Saulnier et al., 2013).

Conclusion

The future of digestive health seems to be bright because of the growing interest in microbiome technology, tailored
treatments and individuals’ health management. The complementary interaction that exists between prebiotics and
probiotics makes them indispensable in the modulation and regulation of the gut symbionts that are very central to one’s
wellbeing. From new efficient technologies to unique treatment approaches and dietary interventions, digest health is
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bound to change dramatically providing novel opportunities for prophylaxis and cure. Thus, as the knowledge increases it
will be possible to introduce changes in lifestyle, menu and individualized therapies that will help people to improve their
gut function and, consequently, the quality and duration of their life.

REFERENCES

Adawi, D., Ahrné, S., and Molin, G. (2001). Effects of different probiotic strains of Lactobacillus and Bifidobacterium on
bacterial translocation and liver injury in an acute liver injury model. International Journal of Food Microbiology, 70(3),
213-220.

Aimutis, W. R, and Polzin, K. (2011). The gastrointestinal tract and its microflora. Nondigestible carbohydrates and
digestive health. Ames: Blackwell Publishing Ltd, 15-36.

Allaire, J. M., Crowley, S. M., Law, H. T., Chang, S. Y., Ko, H. J., and Vallance, B. A. (2018). The intestinal epithelium: central
coordinator of mucosal immunity. Trends in Immunology, 39(9), 677-696.

Almutairi, B. (2016). Development of a new milk drink containing dates-immobilized probiotic bacteria (Doctoral
dissertation, Auckland University of Technology).

Alonso, V. R, and Guarner, F. (2013). Linking the gut microbiota to human health. British Journal of Nutrition, 109(S2), S21-
S26.

Al-Sheraji, S. H., Ismail, A, Manap, M. Y., Mustafa, S., Yusof, R. M., and Hassan, F. A. (2013). Prebiotics as functional foods: A
review. Journal of Functional Foods, 5(4), 1542-1553.

Anadodn, A, Ares, |, Martinez-Larrafiaga, M. R, and Martinez, M. A. (2021). Probiotics: safety and toxicity considerations. In
Nutraceuticals (pp. 1081-1105). Academic Press.

Appanna, V. D, and Appanna, V. D. (2018). Dysbiosis, probiotics, and prebiotics: in diseases and health. Human Microbes-
The Power Within: Health, Healing and Beyond, 81-122.

Arboleya, S., Ruas-Madiedo, P., Margolles, A., Solis, G., Salminen, S., De los Reyes-Gavilan, C. G., and Gueimonde, M. (2011).
Characterization and in vitro properties of potentially probiotic Bifidobacterium strains isolated from breast-milk.
International Journal of Food Microbiology, 149(1), 28-36.

Ayivi, R. D., and Ibrahim, S. A. (2022). Lactic acid bacteria: An essential probiotic and starter culture for the production of
yoghurt. International Journal of Food Science and Technology, 57(11), 7008-7025.

Ballan, R, Battistini, C., Xavier-Santos, D., and Saad, S. M. I. (2020). Interactions of probiotics and prebiotics with the gut
microbiota. Progress in Molecular Biology and Translational Science, 171, 265-300.

Bandyopadhyay, B., and Mandal, N. C. (2014). Probiotics, prebiotics and synbiotics-in health improvement by modulating
gut microbiota: the concept revisited. International Journal of Current Microbiology and Applied Sciences, 3(3), 410-420.

Batista, L. F., Rocha, F., dos Santos Dias, M. M., dos Santos Pires, A. C., and Vidigal, M. C. T. R. (2023). Comfort plant-based
food: What do consumers want?-A focus group study with different consumers group. International Journal of
Gastronomy and Food Science, 34, 100810.

Baty, V., Mougin, B., Dekeuwer, C., and Carret, G. (2014). Gut Health in the era of the Human Gut Microbiota: from
metaphor to biovalue. Medicine, Health Care and Philosophy, 17, 579-597.

Behnsen, J, Deriu, E., Sassone-Corsi, M. and Raffatellu, M. (2013). Probiotics: properties, examples, and specific
applications. Cold Spring Harbor Perspectives in Medicine, 3(3).

Bengmark, S. (2013). Gut microbiota, immune development and function. Pharmacological Research, 69(1), 87-113.

Bigliardi, B., and Galati, F. (2013). Innovation trends in the food industry: The case of functional foods. Trends in Food
Science and Technology, 31(2), 118-129.

Birch, C. S., and Bonwick, G. A. (2019). Ensuring the future of functional foods. International Journal of Food Science and
Technology, 54(5), 1467-1485.

Bober, J. R, Beisel, C. L, and Nair, N. U. (2018). Synthetic biology approaches to engineer probiotics and members of the
human microbiota for biomedical applications. Annual Review of Biomedical Engineering, 20, 277-300.

Boirivant, M., and Strober, W. (2007). The mechanism of action of probiotics. Current Opinion in Gastroenterology, 23(6),
679-692.

Bublitz, M. G., Peracchio, L. A, Andreasen, A. R, Kees, J., Kidwell, B., Miller, E. G., and Vallen, B. (2013). Promoting positive
change: Advancing the food well-being paradigm. Journal of Business Research, 66(8), 1211-1218.

Butel, M. J. (2014). Probiotics, gut microbiota and health. Médecine et maladies infectieuses, 44(1), 1-8.

Carr, R, Shen-Orr, S. S., and Borenstein, E. (2013). Reconstructing the genomic content of microbiome taxa through
shotgun metagenomic deconvolution. PLoS Computational Biology, 9(10), e1003292.

Cullen, C. M., Angja, K. K, Beyhan, S., Cho, C. E.,, Woloszynek, S., Convertino, M., and Rosen, G. L. (2020). Emerging priorities
for microbiome research. Frontiers in Microbiology, 11, 136.

Cummings, J. H., Antoine, J. M., Azpiroz, F., Bourdet-Sicard, R., Brandtzaeg, P., Calder, P. C,, and Watzl, B. (2004). PASSCLAIM
1—qut health and immunity. European Journal of Nutrition, 43, ii118-ii173.

Dillard, C. J., and German, J. B. (2000). Phytochemicals: nutraceuticals and human health. Journal of the Science of Food and
Agriculture, 80(12), 1744-1756.

Fan, Y., and Pedersen, O. (2021). Gut microbiota in human metabolic health and disease. Nature Reviews Microbiology,



403

19(1), 55-71.

Frank, M., Daniel, L, Hays, C. N., Shanahan, M. E, Naumann, R. B.,, McNaughton Reyes, H. L., and Austin, A. E. (2024).
Association of food insecurity with multiple forms of interpersonal and self-directed violence: a systematic review.
Trauma, Violence, and Abuse, 25(1), 828-845.

Gebrayel, P., Nicco, C., Al Khodor, S., Bilinski, J., Caselli, E., Comelli, E. M., and Edeas, M. (2022). Microbiota medicine:
Towards clinical revolution. Journal of Translational Medicine, 20(1), 1-20.

Gilbert, J. A, Quinn, R. A, Debelius, J., Xu, Z. Z, Morton, J,, Garg, N., and Knight, R. (2016). Microbiome-wide association
studies link dynamic microbial consortia to disease. Nature, 535(7610), 94-103.

Hemaiswarya, S., Raja, R, Ravikumar, R, and Carvalho, I. S. (2013). Mechanism of action of probiotics. Brazilian Archives of
Biology and Technology, 56, 113-119.

Hills, R. D., Pontefract, B. A, Mishcon, H. R, Black, C. A, Sutton, S. C,, and Theberge, C. R. (2019). Gut microbiome: profound
implications for diet and disease. Nutrients, 11(7), 1613.

Hyland, N., and Stanton, C. (2023). The gut-brain axis: dietary, probiotic, and prebiotic interventions on the microbiota.
Elsevier.

Indira, M., Venkateswarulu, T. C., Abraham Peele, K., Nazneen Bobby, M., and Krupanidhi, S. (2019). Bioactive molecules of
probiotic bacteria and their mechanism of action: a review. 3 Biotech, 9(8), 306.

lyer, L. R, Chandel, N., Verma, A. K., Thakur, V., Paul, J,, Mandal, A. K, and Bhattacharya, A. (2023). Effect of Entamoeba
histolytica infection on gut microbial diversity and composition in diarrheal patients from New Delhi. Parasitology
Research, 122(1), 285-298.

Kumari, Y., Bai, P, Waqar, F., Asif, A. T, Irshad, B., Raj, S., and Asif, A. T. (2023). Advancements in the management of
endocrine system disorders and arrhythmias: a comprehensive narrative review. Cureus, 15(10).

Lau, A. W. Y, Tan, L. T. H., Ab Mutalib, N. S., Wong, S. H., Letchumanan, V., and Lee, L. H. (2021). The chemistry of gut
microbiome in health and diseases. Progress In Microbes and Molecular Biology, 4(1).

Lockyer, S., and Stanner, S. (2019). Prebiotics—an added benefit of some fibre types. Nutrition Bulletin, 44(1), 74-91.

Malla, M. A, Dubey, A., Kumar, A, Yadav, S., Hashem, A., and Abd_Allah, E. F. (2019). Exploring the human microbiome: the
potential future role of next-generation sequencing in disease diagnosis and treatment. Frontiers in Immunology, 9,
2868.

Marteau, P., and Boutron-Ruault, M. C. (2002). Nutritional advantages of probiotics and prebiotics. British Journal of
Nutrition, 87(S2), S153-S157.

Martin, R.,, Nauta, A, Ben Amor, K., Knippels, L., Knol, J., and Garssen, J. (2010). Early life: gut microbiota and immune
development in infancy. Beneficial Microbes, 1(4), 367-382.

Mattila-Sandholm, T., Myllarinen, P., Crittenden, R, Mogensen, G, Fondén, R, and Saarela, M. (2002). Technological
challenges for future probiotic foods. International Dairy Journal, 12(2-3), 173-182.

Melini, F., Melini, V., Luziatelli, F., Ficca, A. G., and Ruzzi, M. (2019). Health-promoting components in fermented foods: an
up-to-date systematic review. Nutrients, 11(5), 1189.

Milani, C., Duranti, S., Bottacini, F., Casey, E,, Turroni, F,, Mahony, J., and Ventura, M. (2017). The first microbial colonizers of
the human gut: composition, activities, and health implications of the infant gut microbiota. Microbiology and
Molecular Biology Reviews, 81(4), 10-1128.

Mishra, S., and Acharya, S. (2021). A brief overview on probiotics: the health friendly microbes. Biomedical and
Pharmacology Journal, 14(4), 1869-1880.

Mohanty, D., Misra, S., Mohapatra, S., and Sahu, P. S. (2018). Prebiotics and synbiotics: Recent concepts in nutrition. Food
Bioscience, 26, 152-160.

Morais, M. B. D., and Jacob, C. M. A. (2006). The role of probiotics and prebiotics in pediatric practice. Jornal de Pediatria,
82, S189-5197.

Nagpal, R, Yadav, H., Kumar, M., Jain, S., Yamashiro, Y., and Marotta, F. (2013). Probiotics, prebiotics and synbiotics: An
introduction. Probiotics and Prebiotics in Food, Nutrition and Health, 9-32.

Nazir, M., Arif, S., Khan, R. S., Nazir, W., Khalid, N., and Magsood, S. (2019). Opportunities and challenges for functional and
medicinal beverages: Current and future trends. Trends in Food Science and Technology, 88, 513-526.

Neish, A. S. (2009). Microbes in gastrointestinal health and disease. Gastroenterology, 136(1), 65-80.

Panse, R. J. (2023). Nutraceuticals as Modulators of Gut Microbiota: Role in Therapy!. In Anxiety, Gut Microbiome, and
Nutraceuticals (pp. 187-212). CRC Press.

Patrick, H., Knee, C. R, Canevello, A, and Lonsbary, C. (2007). The role of need fulfillment in relationship functioning and
well-being: a self-determination theory perspective. Journal of Personality and Social Psychology, 92(3), 434.

Peng, M., Tabashsum, Z., Anderson, M., Truong, A, Houser, A. K, Padilla, J, and Biswas, D. (2020). Effectiveness of
probiotics, prebiotics, and prebiotic-like components in common functional foods. Comprehensive Reviews in Food
Science and Food Safety, 19(4), 1908-1933.

Phillips, S. M. (2017). Current concepts and unresolved questions in dietary protein requirements and supplements in
adults. Frontiers in Nutrition, 4, 13.

Porto, J. G, Arbelaez, M. C. S, Pena, B., Khandekar, A., Malpani, A, Nahar, B., and Shah, H. N. (2023). The Influence of the
Microbiome on Urological Malignancies: A Systematic Review. Cancers, 15(20), 4984.



404

Power, S. E., O'Toole, P. W., Stanton, C,, Ross, R. P, and Fitzgerald, G. F. (2014). Intestinal microbiota, diet and health. British
Journal of Nutrition, 111(3), 387-402.

Prescott, S. L, and Logan, A. C. (2016). Transforming life: a broad view of the developmental origins of health and disease
concept from an ecological justice perspective. International Journal of Environmental Research and Public Health,
13(11), 1075.

Redondo-Useros, N., Nova, E., Gonzalez-Zancada, N., Diaz, L. E., Gomez-Martinez, S., and Marcos, A. (2020). Microbiota and
lifestyle: a special focus on diet. Nutrients, 12(6), 1776.

Reid, G. (2008). Probiotics and prebiotics—progress and challenges. International Dairy Journal, 18(10-11), 969-975.

Reid, G., Sanders, M. E., Gaskins, H. R, Gibson, G. R,, Mercenier, A., Rastall, R., and Klaenhammer, T. R. (2003). New scientific
paradigms for probiotics and prebiotics. Journal of clinical gastroenterology, 37(2), 105-118.

Reyed, M. (2007). The role of bifidobacteria in health. Research Journal Medicine Medicine Science, 2(1), 14-24.

Roberfroid, M., Gibson, G. R., Hoyles, L., McCartney, A. L., Rastall, R, Rowland, I, and Meheust, A. (2010). Prebiotic effects:
metabolic and health benefits. British Journal of Nutrition, 104(S2), S1-S63.

Rogers, R. D., Moeller, F. G., Swann, A. C,, and Clark, L. (2010). Recent research on impulsivity in individuals with drug use
and mental health disorders: implications for alcoholism. Alcoholism: Clinical and Experimental Research, 34(8), 1319-
1333.

Rowland, I., Gibson, G., Heinken, A, Scott, K, Swann, J, Thiele, I, and Tuohy, K. (2018). Gut microbiota functions:
metabolism of nutrients and other food components. European Journal of Nutrition, 57, 1-24.

Sanders, M. E. (2008). Probiotics: definition, sources, selection, and uses. Clinical Infectious Diseases, 46(Supplement_2), S58-
S61.

Sanders, M. E., Akkermans, L. M., Haller, D., Hammerman, C., Heimbach, J. T., Hérmannsperger, G., and Huys, G. (2010).
Safety assessment of probiotics for human use. Gut Microbes, 1(3), 164-185.

Sanders, M. E., Merenstein, D. J,, Reid, G, Gibson, G. R., and Rastall, R. A. (2019). Probiotics and prebiotics in intestinal
health and disease: from biology to the clinic. Nature Reviews Gastroenterology and Hepatology, 16(10), 605-616.

Santacroce, L., Charitos, I. A, and Bottalico, L. (2019). A successful history: Probiotics and their potential as antimicrobials.
Expert Review of Anti-infective Therapy, 17(8), 635-645.

Saulnier, D. M,, Ringel, Y., Heyman, M. B., Foster, J. A, Bercik, P, Shulman, R. J, and Guarner, F. (2013). The intestinal
microbiome, probiotics and prebiotics in neurogastroenterology. Gut Microbes, 4(1), 17-27.

Scavizzi, M. R, Labia, R, Petitjean, O. J,, and Elbhar, A. (2002). Antimicrobial susceptibility test: from bacterial population
analysis to therapy. International Journal of Antimicrobial Agents, 19(1), 9-20.

Sehrawat, N., Yadav, M., Singh, M., Kumar, V., Sharma, V. R, and Sharma, A. K. (2021, May). Probiotics in microbiome
ecological balance providing a therapeutic window against cancer. In Seminars in cancer biology (Vol. 70, pp. 24-36).
Academic Press.

Sekhon, B. S., and Jairath, S. (2010). Prebiotics, probiotics and synbiotics: an overview. Journal of Pharmaceutical Education
and Research, 1(2).

Selle, K., and Klaenhammer, T. R. (2013). Genomic and phenotypic evidence for probiotic influences of Lactobacillus gasseri
on human health. FEMS Microbiology Reviews, 37(6), 915-935.

Sen, S., and Mansell, T. J. (2020). Yeasts as probiotics: Mechanisms, outcomes, and future potential. Fungal Genetics and
Biology, 137, 103333.

Sharifi-Rad, J., Rodrigues, C. F., Stojanovi¢-Radi¢, Z., Dimitrijevi¢, M., Aleksi¢, A., Neffe-Skocinska, K., and Calina, D. (2020).
Probiotics: versatile bioactive components in promoting human health. Medicina, 56(9), 433.

Sherman, P. M., Ossa, J. C, and Johnson-Henry, K. (2009). Unraveling mechanisms of action of probiotics. Nutrition in
Clinical Practice, 24(1), 10-14.

Sorbara, M. T, and Pamer, E. G. (2022). Microbiome-based therapeutics. Nature Reviews Microbiology, 20(6), 365-380.

Subhashree, s. (2018). Development of plant based probiotic nutritional supplement to enhance gut probiotic microflora
(Doctoral dissertation, Mahatma Gandhi University, Kottayam).

Sudhakar, P., Wellens, J., Verstockt, B., Ferrante, M., Sabino, J., and Vermeire, S. (2022). Holistic healthcare in inflammatory
bowel disease: time for patient-centric approaches?. Gut.

Tudoran, A. A, Fischer, A. R. H., van Trijp, J. C. M,, Grunert, K. G, Krystallis, A., and Esbjerg, L. (2012). Overview of Consumer
Trends in Food Industry: Deliverable D2. 1 (No. FP7-289755). Recapt.

Tuohy, K. M., Probert, H. M., Smejkal, C. W., and Gibson, G. R. (2003). Using probiotics and prebiotics to improve gut health.
Drug Discovery Today, 8(15), 692-700.

Vancamelbeke, M., and Vermeire, S. (2017). The intestinal barrier: a fundamental role in health and disease. Expert Review
of Gastroenterology and Hepatology, 11(9), 821-834.

Vandeputte, D. (2020). Personalized nutrition through the gut microbiota: current insights and future perspectives.
Nutrition Reviews, 78(Supplement_3), 66-74.

Vernocchi, P., Del Chierico, F., and Putignani, L. (2020). Gut microbiota metabolism and interaction with food components.
International Journal of Molecular Sciences, 21(10), 3688.

Walker, W. A. (2008). Mechanisms of action of probiotics. Clinical Infectious Diseases, 46(Supplement_2), S87-S91.

Wang, X., Zhang, P., and Zhang, X. (2021). Probiotics regulate gut microbiota: an effective method to improve immunity.



405

Molecules, 26(19), 6076.

Zhang, Z., Lv, J,, Pan, L., and Zhang, Y. (2018). Roles and applications of probiotic Lactobacillus strains. Applied microbiology
and Biotechnology, 102, 8135-8143.

Zommiti, M., Chikindas, M. L., and Ferchichi, M. (2020). Probiotics—live biotherapeutics: a story of success, limitations, and
future prospects—not only for humans. Probiotics and Antimicrobial Proteins, 12, 1266-1289.

Zoumpopoulou, G., Kazou, M., Alexandraki, V., Angelopoulou, A., Papadimitriou, K., Pot, B, and Tsakalidou, E. (2018).
Probiotics and prebiotics: an overview on recent trends. Probiotics and Prebiotics in Animal Health and Food Safety, 1-
34



