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ABSTRACT

Human health relies heavily on gut microbiota because this microbe system affects both
brain function and behavior while influencing the stress response mechanism through the
microbiota-gut-brain axis. Probiotics and their specific type psychobiotics develop as
innovative treatments which help individuals manage mental health conditions along with
CNS diseases and treat depression and anxiety symptoms. A sufficient consumption of
psychobiotics as live organisms offers mental health benefits by allowing them to engage
with gut microbiota for controlling neurotransmitter synthesis and immune responses
together with inflammation regulation. The current studies demonstrate how probiotics and
prebiotics generate beneficial results which enhance mind performance and stress
reduction and improve mood. This review reviews the influence of psychobiotics on
neuron connections between the gut and brain through studies about how they affect
serotonin and dopamine neural pathways and immune responses and their health benefits
within fermented foods. The gut microbiota plays a crucial role in overall health by
influencing brain function, mood, and stress responses through the microbiota-gut-brain
axis. Probiotics and prebiotics help maintain a balanced gut microbiome, supporting
mental performance, emotional stability, and immune function. Research links gut
dysbiosis to various health disorders, highlighting probiotic foods like yogurt and kefir as
potential treatments for anxiety, depression, and irritable bowel syndrome. Beneficial
microorganisms such as Lactobacillus, Bifidobacterium, and Saccharomyces boulardii
improve gut health. Advancing psychobiotics research will enhance mental healthcare
strategies, offering innovative solutions for global health challenges and overall well-
being.

INTRODUCTION

food source (Appanna, 2018). Various processes such as

Recent research shows that the gut microbiota functions
as a critical biological element in host body mechanisms
that affects human wellness. Increasing evidence
confirms that these microbiota affect brain mechanics
together with human behaviors and stress responses (Zhu
et al., 2024). Research indicates that isolating host
health through dietary probiotics or probiotic-based
foods can modify gut microbiota community
composition along with its activity. Some probiotic
strains display neurotropic activity that enables the
development of "psychobiotics" as an emerging
definition to describe microorganisms which deliver
health benefits to stress-distressed patients through the
"microbiota-gut-brain axis" mechanism (Venema and
Carmo (2015).

Sarkar and colleagues extended psychobiotics
research by incorporating prebiotics as dietary fibers that
enable the growth of probiotics while serving as their
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neuroendocrine stimulation along with neuroimmune
responses and microbial metabolite synthesis comprise
this two-way communication system. Research into gut
microbiota and brain relationship generated several new
developments about using probiotic strains to enhance
human brain function and cognitive performance
(Furness & Costa, 1987). The current study provides an
explanation of gut-microbiota brain axis structure and
the fundamental processes which enable gut microbiota
to interact with the brain. A review of psychobiotics
microorganism functions for enhancing attention and
learning and memory operations focuses on how these
processes are affected by both dietary intake and stress
factors and aging effects and sleep difficulties based on
available preclinical and clinical studies (Hyland &
Stanton, 2023). The use of fermented foods as probiotics
in mental health care applications represents our
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concluding topic of discussion. The accumulating
scientific evidence demonstrates that psychobiotics
function effectively as food supplements for overall
well-being comprising physical and mental welfare (Rao
& Rao, 2016).

The global population demonstrated 970 million
cases of mental health issues before the pandemic while
anxiety affected 31% and depression affected 28.9% of
individuals. The constant prevalence rate of mental
diseases stands at 13% (Herbel & Gaines, 2010). The
population with dementia exceeds 55 million around the
world. Dementia stands as the sixth most frequent cause
of death and leads to substantial functional impairment
and dependence problems among elderly people
worldwide (Organization, 2012).

A new set of treatments needs development to
manage these conditions effectively. The human
gastrointestinal tract contains vital microbiota that stands
essential  for  health  because it  controls
immunomodulation together with metabolism and the
enteric nervous system (Watson & Preedy, 2015).
According to scientific research there is evidence
showing gastrointestinal dysbiosis creates central
nervous system complications. The microbiota system
carries out vital operations when the ecosystem
maintains equilibrium (Lyte & Freestone, 2010).

The intestinal epithelial integrity depends on

neurotransmitter production such as GABA and
serotonin and dopamine and cortisol regulation and
short-chain fatty acid development. The microbial
metabolites during dysbiosis increase production of
inflammatory cytokines in addition to toxic compound
excretion and bacterial toxic substance release
(Avanzini, 1992).
The word "probiotic" combines Latin terminology "pro"
with Greek "bios" to create the basic meaning "for life"
(Yildiz, 2016). People have consumed fermented foods
consisting of bread and wine alongside beer and kefir
and cheese since ancient times because of their valuable
nutritional aspects (Schwenk, 2011). Supplements or
meals containing non-pathogenic microorganisms
including bacteria and yeast live in the stomach and offer
various health benefits according to science. The
Lactobacillus and Bifid bacterium genera are the most
studied organism groups for this purpose (Watson &
Preedy, 2015b).

What Are Psychobiotics?

The concept of psychobiotics refers to probiotics which
improve neural system functions through their effects on
gut flora according to. Research has demonstrated that
microbiota-targeted therapy known as psychobiotics
generates positive effects on mood as well as cognition
and anxiety. The therapeutic approach includes both
probiotics in addition to prebiotics (Lyte & Freestone,
2010Db).
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The gastrointestinal  tract  benefits  from
psychaobiotics together with prebiotics as they enhance
both cognitive and emotional well-being. Psychobiotics
show anxiolytic and antidepressant effects because they
transmit signals through the gut-brain axis (Tache &
Wingate, 1991). Psychobiotics can rectify micro biota
symbiosis while reducing symptoms of central nervous
system diseases including insomnia as well as depression
and diabetes and anorexia and autism spectrum disorders
and Parkinson's disease and multiple sclerosis. The
research will survey scientific findings about
psychobiotics influences on CNS disorder symptoms of
depression and anxiety along with dementia and their
related biological processes (Martin & Larkin, 2018).

The Microbiota-gut Brain Axis

Trillions of bacteria forming the gut microbiota have
evolved together with humans during thousands of years
which led to mutualistic partnering (Abbo et al., 2022).
The human microbiota primarily consists of the major
bacterial phyla Firmicutes and Bacteroidetes together
with four other minor phyla named Proteobacteria,
Actinobacteria, Fusobacteria, and Verrucomicrobia
(Baldo et al., 2015).

The majority of psychobiotics investigations about
this topic primarily utilize rodents as their experimental
subjects. The stress responses of germ-free mice
received stronger measurements when scientists
compared them to normal controls (gnotobiotic mice)
(Mueser & Jeste, 2011). This research revealed that
microbes influence the hypothalamic-pituitary-adrenal
(HPA) axis thus causing germ-free mice to produce
higher levels of corticosterone and adrenocorticotropic
hormone (He, 2024). Two systems comprising the gut-
brain axis enable two-way communication between the
intestinal tissues and the central nervous system.
Through its endocrine and humoral together with
metabolic and immunological and anatomical channels
this network functions (Pittman, 2016). The brain
maintains an interactive relationship with the gut to
influence their mental status together with their
emotional responses and cognition mechanisms through
these pathways (Cowan & Leonard, 2021).

Bacteria create psychobiotics through three methods
that involve decreasing hypothalamic-pituitary-adrenal
axis stress while reducing inflammation and through
strengthening the immune system and producing
neuroactive  agents such as  proteins and
neurotransmitters and short fatty acids (Evrensel &
Unsalver, 2018).

HPA Axis

A neuroendocrine mechanism named HPA axis controls
everything the body does when facing stressors. The
hypothalamus releases corticotropin-releasing hormone
as a result of stressors which subsequently tells the
pituitary gland to release adrenocorticotropic hormone
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(The Hypothalamus-Pituitary-Adrenal Axis, 2008).
Through its stimulation of adrenal gland function
cortisol production rises causing threat sensitivity
combined with poor mood and cognitive issues.
However chronic stress results in excessive cortisol
output (Singh & Williams, 2009). First-term gut
microbiota  development influences both  the
development of the brain and stress-related behavior
patterns. The HPA axis creates both compositional
changes in gut microbiota along with increased
permeability in the gastrointestinal tract according to
(Lyte & Freestone, 2010c).

Inflammation and Immune response

A disturbed gut microbiome causes the immune system
to produce abnormal amounts of inflammatory cytokines
as part of aberrant immunological activity. Gut
microorganisms use tiny chemical compounds to control
host-microbiota relationships thus setting the proper
function of innate and adaptive mechanisms (Cummings
et al., 2004). The gut epithelium blocks the exit of gut
germs while metabolites from these germs activate
circulating immune cells in the bloodstream. The gut
microbiome directly modifies the cellular makeup of
immune cells as well as their movement patterns and
operational capabilities (Microbiology of Waterborne
Diseases, 2013). The mucosal surface immune
responses become modulated by gut microorganisms
which use intestinal epithelium to immune system
communication pathways to control systemic immunity
during infection and inflammation and autoimmunity
events. Microglia function as the primary immune cells
within the central nervous system (Gut Microbiome and
Behavior, 2016). The development and structural
integrity of microglia depends on gut microbiota along
with their immunological functions according to modern
scientific research. Moreover short-chain fatty acids
(SCFA) help regulate microglia maturation and proper
tissue growth. The inflammatory response of depressed
patients shows higher concentrations of three primary
inflammatory cytokines namely IL-6, IL-1B, and TNF-a
(Cowan & Leonard, 2021b). Studies demonstrate that
depression-related  cytokines interleukin-lo.  and
interferon-y have an associated positive trend with
microbiota composition (Dantzer & Capuron, 2016).
(Mba & Hobbins, 2008) conducted research exploring
the permanent neurochemical effects of early-life
antibiotics use on mouse brains as well as their behavior.
Antibiotic supplementation disrupts gut microbiota then
causes increased cytokine expression in the frontal
cortex as well as blood-brain barrier dysfunction and
changes in behavioral patterns. These mice displayed
both reduced anxiety behavior and diminished social
interactions and greater aggressive conduct. The
experimental subject group administered Lactobacillus
rhamnosus JB-1 during this research managed to
minimize the effects identified in previous studies.
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Neurotransmitters

Serotonin operates as a neurotransmitter to control
behavior-related and biological activities through both
brain and stomach and bone tissue functions. Most
serotonin that the human gastrointestinal tract produces
follows as a result of enterochromaffin cells
manufacturing it (Osborne & Hamon, 1988).

The composition of catecholamines includes
dopamine together with norepinephrine and epinephrine
which are basic organic compounds. Both
cardiovascular and cognitive functions benefit from
these substances because they enhance heart well-being
along with enabling learning and memory operations
(Pasterkamp et al., 2009). The gastrointestinal bacteria
enable the production of free catecholamines which exist
in the gut lumen. Gut bacteria demonstrate the ability to
absorb different biogenic amines together with their
potential to transform them into norepinephrine found in
the lumen (R. P. Singh et al., 2017).

Numerous research studies identified GABA-
producing bacteria that mainly involve lactic acid
bacteria.  According to Valenzuela et al. (2019)
Lactococcus lactis and Streptococcus thermophilus
strains show capacity to synthesize GABA (B. Singh,
2018). Synaptic plasticity together with neuronal
excitability improves memory and learning ability
because of the neurotransmitters GABA and glutamate.
Short-chain fatty acids appear as a natural byproduct of
microbial breakdown which occurs in the
gastrointestinal tract (“Serotonin - Neurotransmitter and
Hormone of Brain, Bowels and Blood,” 2023). The
breakdown process of carbohydrates through
saccharolytic fermentation takes place when these
carbohydrates pass through the small intestine without
digestion or absorption.  Short-chain fatty acids
contribute to two important processes including immune
system control and inflammatory regulation as well as
serotonin formation. SCFAs stimulate Tphl gene
expression which plays a role in serotonin synthesis in
enterochromaffin cells (“Serotonin - Neurotransmitter
and Hormone of Brain, Bowels and Blood,” 2023).
More production of short-chain fatty acids demonstrates
a connection between depression-like behavior
reduction and anxiety reduction according to research.

Brain-Derived Neurotrophic Factor works as a
developmental and survival and functional enhancer of
neurons. Depression and anxiety rates increase when
BDNF levels decrease in the body (Lee, 2021). Science
demonstrates that gut microbiome elements influence
BDNF expression within the central nervous system
through brain areas which drive behavioral development.
The diagram in Figure 1 represents probable
psychobiotics mechanisms.
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Figure 1
Action mechanisms by which the gut microbiota exert the
potential psychobiotics effect
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Probiotic Microorganisms Used in Products for Gut
Health and Nutrition

Research shows that the gut microorganisms modify
when people combine proper food choices alongside
supplements in their diet. Proof shows that functional
probiotic foods change the composition of gut flora
according to research by (Medicine et al., 2013). People
typically find probiotic fermented foods to be safe for
their consumption. The food industry uses probiotic
cultures in both nutrition supplements and animal feed
additive products. The food industry makes extensive
use of Lactic acid bacteria (LAB) as microbial strains
which are available in food sector markets. Such
cultures show strong competition through acid (lactic
acid) production together with other metabolites to
maintain a low pH environment (R. L. Singh & Mondal,
2019). All of the microbial products produced by LAB
help this strain compete effectively against other
microbes during the fermentation process. Researches
have thoroughly investigated how LAB provides
beneficial traits for food applications. Some LAB strains
achieved QPS designation for food use through their
proven beneficial properties from the EU (De W
Blackburn, 2006). The GRAS status has been assigned
to Lactobacillus and Lactococcus strains  but
Streptococcus alongside other strains were approved for
GRAS/QPS designation. Food industry applications
primarily use probiotic bacteria which are either
members of the Lactobacillaceae family or represent
bifid bacterium species (Chen & Narbad, 2018).

Probiotic Food and Beverage Products

The stomach benefits from microorganism delivery
through yogurt which represents the most efficient
probiotic milk product for gastrointestinal support. The
rise of customer demand has pushed manufacturers to
develop numerous dairy-based probiotic products
(Medicine et al., 2013b). The market shows growing
interest in fermented milk products and Kefir as well as
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cheeses while consumers seek drinks that mix probiotic
strains and symbiotic yogurt that includes prebiotics and
probiotics.

Lactic acid Dbacteria fermentation creates
bactericidal proteins in dairy products through its
process that helps extend their storage time. Symbiotic
yogurt represents a widely popular functional food that
supports human health by maintaining proper stomach
bacteria populations (R. L. Singh & Mondal, 2019b).
The market shows growing interest in Kefir fermented
milk because customers can conveniently consume
probiotic drinks from portable bottles instead of thick
yogurt which requires non-resealable containers.
Fermented dairy products benefit from added lactic acid
bacteria cultures during milk fermentation because these
bacterial cultures help improve nutrient availability and
stability of bacteria over long periods (Chandan et al.,
2008). The ingestion of probiotic items presents itself as
a viable approach to block the development of microbial
dysbiosis. Symbiotic food products influence lipid
profiles and limit the risk of IBS along with IBD and
colorectal cancer better than independent probiotic and
prebiotic intake. The probiotic yeast strain
Saccharomyces boulardii joins LAB as identified
bacteria by researchers (Charalampopoulos & Rastall,
2009b). The bio-therapeutic technique employs S.
boulardii consumption as its foundation. The research
on this specific probiotic strain used oral methods to
investigate its clinical effectiveness against diarrhea
caused by extended antibiotics and C. difficile infections
that lead to repetitive illnesses (Elmer et al., 2013). The
yogurt samples containing this probiotic yeast with
different inulin prebiotic concentrations showed the best
safety features as microbiological and sensory and
physicochemical products with defined micro rheology
characteristics and microstructural properties. The
research results showed that milk fermented with
Lactococcus lactis ssp. remoras produced a probiotic that
reduced intestinal cell infections caused by Salmonella
(Gibson & Roberfroid, 2013Db).

Figure 2
Health benefits of consuming fermented foods.
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CONCLUSION

Overall health benefits strongly from the gut microbiota
because it alters brain function and affects mood and
stress responses through the microbiota-gut-brain axis.
The potential therapy for mental health improvement
rests in probiotics and prebiotics because they help
maintain healthy gut bacteria and this brain-supporting
microbiota system regulates emotional state as well as
mental performances and immune system functioning.
Modern research connects dysbiosis to mental and
physical health disorders so probiotic foods especially
yogurt and kefir together with symbiotic demonstrate
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