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ABSTRACT 

The intricate connection between the gut microbiota and brain function, known as the gut-brain axis, has opened novel 

avenues for addressing cognitive health challenges. Psychobiotics, defined as probiotics or prebiotics that confer mental 

health benefits, are gaining considerable attention for their potential therapeutic roles. This review comprehensively 

explores the emerging landscape of psychobiotics found in fermented foods, focusing specifically on their mechanisms 

of action via bioactive compounds and their utility in managing cognitive disease-related symptoms and preventing 

neurodegenerative conditions. 
 

We synthesize current research on how specific psychobiotic strains and the bioactive molecules they produce or 

modulate (e.g., short-chain fatty acids, neurotransmitters, amino acids, polyphenols) interact with the gut-brain axis to 

influence neuroinflammation, oxidative stress, and neural plasticity, thereby impacting cognitive function. The review 

highlights evidence from in vitro, in vivo, and preliminary human studies that underscore the promise of fermented food-

derived psychobiotics as a novel, diet-based strategy for supporting cognitive health and potentially mitigating the onset 

or progression of cognitive decline. 
 

While significant advancements have been made, further rigorous clinical trials are essential to elucidate optimal strains, 

dosages, and long-term efficacy, paving the way for developing targeted functional foods for cognitive support. 
 

Novelty of the Study: This review is among the first to comprehensively analyze the role of psychobiotics explicitly 

derived from fermented foods in supporting cognitive function through the gut-brain axis. It uniquely highlights how 

these food-based microorganisms influence neuroinflammation, oxidative stress, and neurotransmitter pathways via 

bioactive compounds. The work also introduces the emerging concept of functional fermented foods as viable dietary 

tools for early cognitive support and neurodegenerative disease prevention. 
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INTRODUCTION 

With recent projections indicating that nearly 42% of 

Americans over the age of 55 may experience symptoms 

of dementia in their lifetime [1] and over 23.1% of the US 

population living with some form of mental illness [2], the 

importance of early, non-invasive interventions has 

become increasingly apparent. Dietary strategies that 

enhance gut microbial balance, such as consuming 

fermented or fiber-rich functional foods, can play a 

preventative role in the rising burden of cognitive and 

mental health disorders. As such, leveraging the gut-

brain axis through nutrition may offer a promising 

avenue for preserving brain health across the lifespan. 

Recent research has highlighted the critical role of 

the gut-brain axis (GBA)—a complex, bidirectional 

communication network linking the gastrointestinal 

tract, the microbiome, and the central nervous system—

in supporting cognitive function and mental health. This 

system facilitates the exchange of neural, hormonal, and 

immunological signals, allowing the gut and brain to 
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influence one another’s physiology and behavior. 

Disruptions to this axis, particularly through dysbiosis, an 

imbalance in gut microbial composition, have been 

increasingly associated with a range of neuropsychiatric 

conditions, such as depression, anxiety disorders, and 

autism spectrum disorder [3]. Furthermore, specific 

strains of probiotic and commensal bacteria have 

demonstrated the ability to modulate stress-related gut-

brain axis symptoms, such as cognitive performance, 

memory retention, and even patterns of resting brain 

activity [4]. These findings emphasize the potential of 

targeting the gut microbiome as a novel strategy for 

supporting neurological health. 

Although treatments for cognitive and 

neuropsychiatric disorders have become increasingly 

accessible to the global population and have rapidly 

advanced as a result of growth in technology and 

biomedical knowledge, conventional methods of 

treatment possess multiple limitations. For instance, in 

Alzheimer’s disease, one of the most common 

neurodegenerative diseases worldwide, administering 

treatment is crucial in the early stages, as these studies 

have shown there to be no statistically significant clinical 

improvement nor impediment of disease progression 

when anti-amyloid immunization is dispensed during 

advanced stages [5]. In terms of major depressive 

disorders, recent research demonstrates that, in placebo-

controlled studies of tricyclic antidepressants, 69% of 

studies did not find a substantial benefit in comparison to 

placebo [6]. Alongside the slow onset of therapeutic 

response and issues with compliance and sleep 

disturbances [6], antidepressants exhibit several issues 

that indicate other forms of treatment must be 

investigated.  

A newly emerging perspective on improving 

cognitive health can be found in the field of 

psychobiotics, a form of probiotic that, when given in the 

correct dosage, has the potential to be beneficial in 

subjects with neurological or psychiatric illnesses [7]. 

Recent research has illustrated that psychobiotics can 

survive in fermented food and can have a direct impact 

on the production of neurotransmitters (i.e. GABA, 

serotonin, and dopamine), activation of gut-brain neural 

pathways, and modulation of neurotrophic chemicals 

such as the brain-derived neurotrophic factor (BDNF) [7.] 

Psychobiotic diets have been shown to decrease 

perceived stress in a human cohort [8] and even 

demonstrate efficacy in treating depression with some 

strains [9]. As such, further investigation into the 

mechanisms of psychobiotics and their ability to survive 

in fermented foods is valuable as it can uncover novel 

ways of treating cognitive disorders.  

This short review will synthesize current research 

and findings on the benefits and limitations of 

psychobiotics in fermented foods. Specifically, this 

review will focus on the bioactive compounds and 

biological mechanisms utilized by psychobiotics that are 

relevant to managing and preventing neurological and 

psychiatric disorders and symptoms.  

 

The Gut-Brain Axis: A Foundation for Cognitive Health: 

The colonization of the gastrointestinal (GI) tract by 

commensal microbiota and their impact on the gut-brain 

axis has been the subject of much attention in recent 

years [10]. The pathophysiology of numerous 

neurological and psychological diseases, such as 

schizophrenia, epilepsy, migraine, depression, 

Parkinson’s disease, and autism spectrum disorder (ASD), 

has been linked to psychological stress and inflammation 

and has shared comorbidities with gut diseases such as 

inflammatory bowel disease or irritable bowel syndrome 

[10].  

Gut microbiota have been shown to interact with 

the immune system through microbial-derived 

metabolites, namely short-chain fatty acids (SCFAs), 

secondary bile acids, amino acid metabolites, and other 
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bioactive molecules. Since bacteria must travel through 

the intestinal barrier to enter the circulation, gut 

microbiota are regulators of enteric immunity. They also 

play a role in translocating immune cells from the gut to 

the brain, wherein they interact with immune cells 

through paracrine signaling and “train” them to relocate 

to the central nervous system (CNS) to perform their 

designated functions [11]. Gut microbiota can also 

synthesize vitamins, specifically vitamin K and vitamin 

B12 [7], alongside the capacity to ferment complex 

carbohydrates such as cellulose and starch to produce 

short/branched-chain fatty acids that are a necessary 

energy source for colonocytes, epithelial cells lining the 

colon. Regarding contributions to cognitive health, 

specific intestinal microbiota can produce and release 

neuroactive compounds, namely neurotransmitters 

(GABA, dopamine, serotonin, and glutamate), cytokines, 

chemokines, and neuropeptides. These molecules can 

reach the brain through blood circulation, transporter 

molecules, or other cells, which profoundly influence gut 

flora on cognitive function and mental health [12]. 

Dysbiosis, or gut microbiome disruptions, is linked 

to mood disorders and a severe disruption of the gut-

brain axis [3]. Imbalanced gut microbiota interferes with 

the hypothalamic-pituitary-adrenal (HPA) axis, which 

leads to elevated cortisol levels and adrenocorticotropic 

hormone levels. This hormone imbalance is associated 

with increased intestinal permeability, resulting in 

heightened stress and anxiety levels [13]. It has also been 

shown that gut-brain axis activity is regulated by 

calcitonin gene-related peptide (CGRP). Following gut 

microbiota disruption from pathogenic microorganisms, 

neurons may release CGRP into the gut, which activates 

host immune responses via the calcitonin receptor-like 

receptor (CRLR). Probiotic organisms can help rebalance 

the intestinal microbiota and support gut-brain signaling, 

including CGRP-mediated pathways. CRH enhances 

intestinal permeability and ACTH levels during 

neurological stress, linking gut dysbiosis to altered 

cognitive function and emotional health [13]. Given the 

importance of the gut-brain axis, modifying the gut 

microbiota through targeted interventions may aid in 

treating and managing neurological and psychiatric 

disorders.  

 

Psychobiotics from Fermented Foods: Sources and 

Bioactive Compounds. There is a wide range of bacterial 

strains that have the potential to serve as psychobiotics, 

with each having unique psychiatric effects and differing 

dosages. For instance, the strain B. longum 1714, when 

taken at a dosage of 1 x 109 CFU/day mixed into milk 

drunk in the morning for 4 weeks, was observed to 

decrease stress and enhance memory in subjects [13]. A 

multi-strain probiotic, containing Bacillus coagulans 

Unique IS2, L. rhamnosus UBLR58, B. lactis UBBLa70, L. 

plantarum UBLP40, B. breve UBBr01, and B. infantis 

UBBI01, at a dosage of 1 x 109 CFU/capsule taken twice 

daily for 28 days, was demonstrated to reduce rating on 

a depression-anxiety-stress scale significantly [13]. 

Food fermentation dates back to 7000 B.C., 

between the late Neolithic period and the Shang Dynasty 

in China [14]. Following the domestication of livestock 

such as goat, sheep, and cattle, alongside the cultivation 

of crops following the Agricultural Revolution in the 

Fertile Crescent of Southwestern Asia, it was found that 

meat and milk possessed a short storage period before 

they began to spoil. Fermentation allowed milk to have 

an extended shelf life in the form of cheese, which saved 

food for times of scarcity [15]. Fermentation has also 

been utilized for plants (fruits, seeds, tubers, vegetables) 

and animal byproducts (meat, fish, eggs) [16].  

Fermented foods are a suitable environment for 

probiotic bacteria to thrive. Many fermented foods have 

probiotics purposefully added during the manufacturing 

process, or spontaneously develop, such as non-starter 

lactic acid bacteria found in cheese [17,18]. In terms of 
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the presence of psychobiotics, fermented foods such as 

yogurt, kefir, fermented soy, fermented milk, fermented 

seaweed, and fermented rice bran are high in 

psychobiotic strains, such as L. acidophilus, B. lactis BB12, 

L. reuteri, L. kefiranofaciens, L. brevis, L. plantarum C29, 

L. helveticus, L. casei, L. brevis BJ20, and S. cerevisiae IFO 

2346, which have been demonstrated to provide mental 

health benefits such as reduced anxiety, improved 

memory, enhanced cognition, reduced stress, and 

protection against cognitive decline [13].  

Among the key bioactive compounds in 

psychobiotics that allow them to contain beneficial 

therapeutic effects, some of the most significant are the 

microbial metabolites they produce through 

fermentation. One primary class of metabolites is short-

chain fatty acids (SCFAs), such as acetate, propionate, 

and butyrate [19]. SCFAs can serve as signaling 

molecules, as evidenced by butyrate’s (and to a lesser 

extent, propionate’s) ability to act as histone deacetylase 

(HDAC) inhibitors, allowing them to have a role in gene 

regulation and expression [20]. SCFAs can also regulate 

the permeability of the blood-brain barrier, thereby 

significantly impacting brain function and behavior, as 

studies in mice have shown that increased blood-brain 

barrier permeability can result in hyperactivity and 

spatial memory impairment [20,21].  

Psychobiotics also produce neuroactive metabolites 

in the form of neurotransmitters, namely gamma-

aminobutyric acid (GABA), serotonin (5-HT), dopamine, 

acetylcholine, and norepinephrine. While they are 

produced in the gut, they can directly influence the CNS 

through the vagus nerve, alongside immune signaling 

through cytokines and through the circulatory system by 

entering the bloodstream and crossing the blood-brain 

barrier [22]. Psychobiotics can regulate host tryptophan 

metabolism, crucial for serotonin production, as nearly 

90% of the body’s serotonin is produced in the gut [23]. 

Certain bacterial strains, such as Lactobacillus and 

Bifidobacterium, can produce GABA, which helps 

regulate neuronal excitability and reduces anxiety and 

depression [23]. Changes in neurotransmitter levels are 

linked to alterations in behavior, such as anxiety, 

depression, and stress, and cognitive functions, namely 

memory and learning [22].  

In addition to the previously mentioned microbially 

produced metabolites, certain strains of psychobiotics 

(Bifidobacterium and Lactobacillus) can also synthesize 

neuroactive vitamins, such as: vitamin B1 (thiamine), 

which is necessary for neuronal energy metabolism; 

vitamin B6 (pyridoxine), crucial for synthesizing 

neurotransmitters, namely serotonin and dopamine; 

vitamin B9 (folate), which is involved in the methylation 

process for gene expression in the brain; and vitamin B12 

(cobalamin), which plays a vital role in myelin formation 

and thus cognitive function [24]. Understanding the 

vitamin-producing capabilities of gut flora can profoundly 

impact the development of targeted psychobiotics aimed 

at enhancing mental health through nutritional 

pathways.  

Alongside the metabolites they produce through 

fermentation, psychobiotics and gut microbiota play a 

crucial role in enhancing the bioavailability and efficacy 

of plant-derived bioactives, particularly polyphenols. A 

recent study emphasizes that polyphenols (naturally 

occurring compounds in fruits, vegetables, tea, and 

cocoa) undergo microbial metabolism in the colon, 

transforming into smaller phenolic acids with 

significantly improved absorption and biological activity 

[25]. This biotransformation boosts their antioxidant and 

anti-inflammatory properties and modulates the gut 

microbiota composition itself, fostering the growth of 

beneficial bacteria such as Bifidobacteria and Lactobacilli. 

These microbial changes, in turn, influence host 

physiology, including neuroimmune signaling pathways 

linked to the gut-brain axis. Such findings are directly 

relevant to the discussion of psychobiotics and cognitive 

https://www.ffhdj.com/


Agriculture and Food Bioactive Compounds 2025; 2(5): 105 - 119 AFBC 
 

Page 110 of 120 

health, as they suggest that dietary interventions rich in 

polyphenols, when paired with a healthy, diverse gut 

microbiome, may enhance neuroprotection, reduce 

neuroinflammation, and support mental well-being 

through improved gut-brain communication [25]. 

 

Mechanisms of Psychobiotic Action on Cognitive 

Function: Psychobiotics exert multifaceted effects on 

cognitive function by interacting with the gut-brain axis. 

One key mechanism involves the modulation of 

neurotransmitter systems; certain psychobiotic strains, 

such as Lactobacillus plantarum, have been shown to 

influence the production of gamma-aminobutyric acid 

(GABA) and serotonin, which are neurotransmitters 

integral to mood regulation and cognitive processes [23]. 

Additionally, psychobiotics can impact 

neuroinflammation by modulating the immune 

response; they may reduce the production of pro-

inflammatory cytokines like interleukin-6 (IL-6) and 

tumor necrosis factor-alpha (TNF-α), thereby mitigating 

inflammation-related cognitive impairments [26]. 

In tandem with their abilities to regulate 

neurotransmitters, psychobiotics play a crucial role in 

maintaining gut barrier integrity and function. A 

condition known as “leaky gut syndrome,” also known as 

intestinal hyperpermeability, occurs when the lining of 

the small intestine is disrupted, resulting in substances 

intended to remain in the gut, such as food particles and 

toxins, entering the bloodstream. This results in 

inflammation and irritation as an immune response is 

incurred [27]. By preserving gut integrity through 

maintaining tight junctions in the intestinal lining, 

preventing toxins from entering the bloodstream, 

psychobiotics can safeguard brain function [28]. 

Specifically, psychobiotics can regulate the gene 

expression of tight junction (TJ) proteins, which play a 

crucial role in sustaining the selective permeability of the 

intestinal epithelium. TJ proteins such as occludin, 

claudins, and zonula occludens (ZO-1) form complexes 

that seal the spaces between epithelial cells, preventing 

the translocation of harmful substances into systemic 

circulation [29]. Specific psychobiotic strains of 

psychobiotics, such as Lactobacillus plantarum MB452, 

demonstrate the ability to upregulate genes encoding TJ 

proteins, thereby strengthening the intestinal barrier. 

Additionally, in vitro studies using Caco-2 cell monolayers 

illustrate that treatment with L. plantarum MB452 

increases the expression of occludin and ZO-1, resulting 

in enhanced barrier function and reduced permeability 

[30].  

While more in-depth research is still ongoing, 

psychobiotics can potentially influence brain-derived 

neurotrophic factor (BDNF), potentially supporting 

neurogenesis and the repair of neurons. In a study 

conducted in 2023, n=60 patients diagnosed with major 

depressive disorder (MDD) underwent a 4-week high-

dose probiotic regimen alongside their usual depression 

treatment. The study found that the probiotic group 

exhibited significant enhancements in immediate verbal 

recall, as measured by the Verbal Learning Memory Test 

(VLMT), immediately following the intervention, 

supporting the notion that probiotics and thus 

psychobiotics may bolster hippocampus-dependent 

memory functions. Additionally, fMRI scans revealed a 

normalization of hippocampal activation during working 

memory tasks in the probiotic group, indicating improved 

neural efficiency in regions associated with memory 

processing. While the study depicted a slight, non-

significant increase in serum BDNF levels in the probiotic 

group and a decrease in the placebo group, the change 

direction aligns with previous studies suggesting that 

probiotics can affect BDNF concentrations [31]. The 

properties of psychobiotics, namely their abilities to 

restore the gut microbiota balance and modulate the 

HPA axis, may lead to improved hippocampal function 

and increased BDNF expression [31].  
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Evidence for Cognitive Support: Multiple in vivo studies 

have been conducted on animal models and have 

illustrated the potential applications of psychobiotics in 

fermented food products. For instance, in a clinical trial 

administering fermented soybean containing a strain of 

Lactobacillus plantarum C29 to mice at 800 mg/day for 

12 weeks, the subjects demonstrated improved cognitive 

function in individuals with mild cognitive impairment 

[32]. In a similar study, administering kefir containing 

Lactobacillus reuteri to mice every 1 hour through oral 

gavage for a total of 3 weeks, the mice had increased 

GABA production in their gut microbiota [33]. Another 

murine study focused on fermented milk containing 

Lactobacillus brevis FPA 3709 at a dosage of 35-70 mg/kg 

body weight by oral gavage for 28 days demonstrated 

effects mirroring those of antidepressants, sans typical 

side effects in rat models [34]. Given the success rate of 

psychobiotics producing statistically significant clinical 

impact in mice, there is clear evidence that these effects 

can be translatable to human subjects on a broader scale, 

especially if given further focus and development on 

discovering the most effective strains at counteracting 

particular neurological and psychiatric conditions.  

Preliminary human studies have been conducted, 

and while the results are not as conclusive as those of the 

animal models, they generally show similar outcomes. 

One clinical trial focusing on the strain Lactobacillus casei 

Shirota that administered 100 mL of a fermented 

beverage containing > 1 x 109 CFU/mL/day to medical 

students experiencing academic examination stress 

shows that the experimental group had higher fecal 

serotonin levels and a lower rate of subjects experiencing 

abdominal and cold symptoms, alongside a reduction in 

the average duration experiencing these symptoms, 

compared to the placebo group [35]. Another clinical trial 

involving Bifidobacterium longum taken at a dosage of  

1 x 1010 CFU/g/trial on patients with irritable bowel 

syndrome resulted in a reduction in depression scores in 

the Hospital Anxiety and Depression Scale, alongside 

reduced responses to negative emotional stimuli [36]. 

The mechanism was speculated to be the release of 

neuroactive compounds through signaling pathways in 

the vagus nerve, alongside BDNF regulation [37].  

Several psychobiotic strains and fermented foods 

appear to be more promising than others as a result of 

numerous research studies and have been identified as 

possessing significant cognitive benefits that are worth 

further investigation. These strains include Lactobacillus 

plantarum C29, which is associated with improved 

cognitive function in MCI patients; Lactobacillus brevis 

FPA 3709, which has demonstrated prominent 

antidepressant effects in animal studies; and 

Lactobacillus gasseri CP2305, which has been linked to 

stress alleviation and improved sleep quality [37]. 

Regarding fermented foods, kimchi, fermented soy 

products, and kefir all contain diverse probiotic strains 

linked to improved emotional regulation, reduced 

depressive symptoms, enhanced cognitive function, 

reduced neuroinflammation, and improved memory and 

executive function [37]. 

Table 1 presents a summary of key findings 

regarding particular psychobiotic strains and their 

reported effects on mental health disorders. 
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Table 1. Summary of Psychobiotic Strains, Fermented Food Sources, and Mental Health Effects 
 

Strain/Species Fermented Food Source Reported Effect Reference 

Lactobacillus plantarum MB452 Probiotic supplement Enhances intestinal barrier function via tight junction genes [30] 

Lactobacillus casei Shirota Fermented milk Prevents physical stress symptoms under academic examination stress [35] 

Lactobacillus brevis FPA 3709 Black soybean milk Antidepressant effect without side effects in a forced swimming rat 

model  

[34] 

Lactobacillus reuteri Kefir Increased GABA production in the gut microbiome [33] 

Bifidobacterium longum Powder in lactose-free 

milk, soy milk, or rice 

milk 

Reduction in depression scores in the Hospital Anxiety and Depression 

Scale; reduced responses to negative emotional stimuli 

[36] 

Lactobacillus plantarum C29 Fermented soybean Improved cognitive function in individuals with mild cognitive 

impairment 

[32] 

Bacillus coagulans Unique IS2, L. 

rhamnosus UBLR58, B. lactis 

UBBLa70, L. plantarum UBLP40, 

B. breve UBBr01, and B. infantis 

UBBI01 

Capsule Reduce rating on a depression-anxiety-stress scale [13] 

Lactobacillus gasseri CP2305 Fermented milk  Stress alleviation and improved sleep quality [37] 

 

Future Perspectives and Challenges: After reviewing 

recent studies and literature, future researchers must 

consider numerous challenges when investigating the 

potential of psychobiotics in fermented foods.  

The breadth of probiotic strains available to study 

makes standardizing and characterizing different strains, 

doses, and formulations difficult, causing issues for 

researchers hoping to cross-compare against other 

studies. Since the efficacy and specific properties of 

psychobiotics differ wildly even across strains in the same 

species, it can be tough to replicate and validate findings 

properly. As a result, it is necessary to thoroughly 

compare the effects of different strains and replicate 

strain-level conclusions from earlier studies to make 

more statistically significant conclusions about the 

results of a study [38].  

Another limitation of current literature is the nature 

of human clinical trials, which lack clinical efficacy 

compared to their animal model counterparts, which 

show much more definitive results. Since human trials 

tend to have a much smaller sample size and possess high 

heterogeneity among their participants, there tends to  

be significant inconsistency in the degree of 

statistical significance between in vivo human and animal 

studies. Although the gut microbiota of rats and mice 

tends to resemble the human gut microbiota highly, 

there is enough diversity in human microbiota and the 

symptoms of various neuropsychiatric disorders, such as 

depression, to warrant a method of standardizing or 

characterizing specific gut microbiome profile 

composition to make the results of studies more 

conclusive [39].  

Effective dosage, method of delivery of 

psychobiotics, and the wide variety of fermented foods 

cause high variation between studies, which makes it 

challenging to draw concise conclusions on the potency 

and effectiveness of psychobiotics. Given that the effects 

of psychobiotics are highly strain-specific, studies require 

precise dosing to achieve therapeutic benefits. However, 

a lack of standardization across studies makes it 

challenging to determine optimal dosages. Ensuring the 

viability of psychobiotic strains through effective delivery 

methods is also a significant hurdle, as factors like 

stomach acidity can compromise their survival.  
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Formulation strategies, such as encapsulation and 

pairing with prebiotics, are suggested to enhance 

stability and efficacy. Researchers stress the need for 

rigorous clinical trials to refine dosage and delivery 

protocols and highlight the potential for personalized 

approaches based on individual gut microbiota 

differences [40]. 
 

Evaluation as a Functional Food: The classification of 

psychobiotic-rich fermented foods as functional foods 

has garnered increasing attention due to their potential 

to confer health benefits beyond basic nutrition, 

specifically mental health. According to the Functional 

Food Center, functional foods are defined as those that 

provide health benefits beyond their nutritional value 

through bioactive compounds that positively impact 

physiological functions [41].  

Fermented foods such as kimchi, sauerkraut, and 

tempeh are rich sources of beneficial bacteria, including 

strains like Lactobacillus plantarum, Leuconostoc 

mesenteroides, and Bifidobacterium species. These 

psychobiotic strains have been associated with mental 

health benefits through mechanisms such as 

neurotransmitter modulation (e.g., serotonin and GABA 

production), inflammation reduction, and HPA axis 

regulation [42].  

An emerging area of interest within this framework 

is the identification of specific psychobiotic strains, such 

as those derived from human breast milk, which exhibit 

pronounced mental health benefits. When incorporated 

into fermented food matrices like yogurt, these strains 

may enhance probiotic viability and activity, thereby 

strengthening their functional role in supporting 

emotional and cognitive health [43]. As such, 

psychobiotics exemplify functional foods by delivering 

measurable, condition-specific outcomes, which fit the 

Functional Food Center’s definition through their 

targeted action on the gut-brain axis. 

Another example of psychobiotics aligning with the  

definition of functional foods is the probiotic yeast 

Saccharomyces cerevisiae var. boulardii, which offers 

diverse health-promoting effects. Historically consumed 

unintentionally through fermented foods, this eukaryotic 

probiotic is now deliberately incorporated into diets and 

functional products due to its antimicrobial, anti-

inflammatory, immunomodulatory, and gut-supportive 

properties. Its clinical efficacy in treating gastrointestinal 

and systemic conditions underscores its potential as a 

functional food component, especially when delivered 

through fermented carriers that amplify biological and 

sensory benefits [44].  

Recent studies have further elucidated the role of 

fermented foods rich in psychobiotics in modulating 

mental health through the gut-brain axis. For instance, a 

2022 study demonstrated that probiotics found in 

fermented foods like kimchi and miso can positively 

influence gut bacteria and neurotransmitter levels, 

leading to reduced anxiety and depression symptoms in 

animal models. These findings suggest that incorporating 

such fermented foods into the diet may offer mental 

health benefits, although more human studies are 

needed to confirm these effects [45]. 

Moreover, recent research has highlighted the 

potential of specific psychobiotic strains in modulating 

mental health through the gut-brain axis. Lactobacillus 

plantarum PS128, for instance, has demonstrated 

promising effects in both animal models and human 

studies. In murine models, chronic administration of 

PS128 led to increased levels of dopamine and serotonin 

in the striatum, correlating with reduced anxiety-like 

behaviors [46]. Furthermore, a randomized, double-

blind, placebo-controlled pilot trial involving self-

reported insomniacs found that PS128 supplementation 

resulted in decreased depressive symptoms and fatigue, 

as well as improved sleep quality [47]. These findings 

suggest that PS128 may exert its psychotropic effects by 

modulating neurotransmitter levels and improving sleep 

parameters [48]. 
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Similarly, Bifidobacterium longum 1714 has been 

investigated for its impact on stress and cognitive 

function. Bifidobacterium longum 1714 has been shown 

to reduce perceived stress and improve sleep quality in 

healthy adults [49]. In a study involving healthy 

volunteers, consumption of B. longum 1714 was 

associated with reduced cortisol output and subjective 

anxiety in response to a socially evaluated cold pressor 

test. Additionally, participants exhibited subtle 

improvements in hippocampus-dependent visuospatial 

memory performance and enhanced frontal midline 

electroencephalographic mobility. Similarly, 

Lactobacillus plantarum PS128 has been associated with 

decreased depressive symptoms and fatigue and 

improved sleep quality in individuals with insomnia [50]. 

In patients with anxiety disorders, PS128 

supplementation alongside standard treatment resulted 

in greater symptom improvement compared to 

treatment alone [51]. These results indicate that B. 

longum 1714 and L. plantarum PS128 may modulate 

stress responses and cognitive processes, further 

supporting its classification as a functional food 

component with psychobiotic properties [52,53]. 

Recent research highlights the potential of 

fermented foods to modulate neuroinflammation by 

influencing microglial activity, which plays a critical role 

in the development and progression of neuropsychiatric 

disorders such as depression, anxiety, and 

neurodegeneration [37,54]. Microglia are the brain’s 

resident immune cells responsible for maintaining neural 

homeostasis and responding to inflammatory stimuli. 

Their dysregulation is linked to heightened 

neuroinflammatory states associated with mental health 

disorders [55]. Certain psychobiotic strains found in 

fermented foods, including Lactobacillus and 

Bifidobacterium species, have attenuated microglial 

activation and reduced pro-inflammatory cytokine 

production in vitro and in animal models [56-57]. For 

example, supplementation with Lactobacillus plantarum 

and Bifidobacterium longum has been demonstrated to 

decrease levels of IL-6 and TNF-α in the brain, improving 

anxiety- and depression-like behaviors [58]. These 

findings suggest that fermented foods could serve as 

functional dietary interventions that support mental 

health by targeting neuroinflammatory pathways and 

promoting microglial regulation, thus offering a novel 

angle for psychobiotic application beyond traditional 

neurotransmitter modulation. These 

neuroinflammation-modulating effects of psychobiotic 

strains found in fermented foods further support their 

classification as functional foods, as they provide 

targeted health benefits beyond basic nutrition by 

promoting brain health through the gut-brain axis. 

Emerging evidence suggests that psychobiotics 

found in fermented foods may enhance neuroplasticity 

and cognitive resilience, offering protective effects 

against cognitive decline and stress-related impairments. 

Studies have shown that certain strains, such as 

Lactobacillus rhamnosus and Bifidobacterium breve, can 

upregulate BDNF expression, a key modulator of synaptic 

plasticity and neuronal survival [59,60]. This 

neurotrophic support correlates with learning, memory, 

and mood regulation improvements observed in animal 

models and clinical trials [61,62]. Additionally, fermented 

foods containing psychobiotics have been reported to 

modulate neurogenesis in the hippocampus, a brain 

region crucial for memory and emotional regulation [63]. 

The enhancement of gut barrier integrity and reduction 

of systemic inflammation further contribute to an 

optimal environment for neuroplasticity [64,65]. These 

multifactorial benefits underscore the potential of 

psychobiotic-rich fermented foods as functional foods 

that support brain health and cognitive function through 

diverse biological pathways. 

Table 2 summarizes key psychobiotic-rich 

fermented foods, their associated strains, mechanisms of 

action, mental health benefits, and supporting 

references. 
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Table 2. Psychobiotic-Rich Fermented Foods as Functional Foods for Mental Health 
 

Food Source/Matrix Psychobiotic Strains Mechanism of Action Health Outcomes References 

Kimchi, Sauerkraut, 

Tempeh 

Lactobacillus plantarum, 

Leuconostoc mesenteroides, 

Bifidobacterium spp. 

Neurotransmitter modulation (e.g., 

serotonin, GABA), anti-inflammatory, 

HPA axis regulation 

Reduced anxiety and depression 

symptoms, improved gut-brain 

axis signaling 

[42], [45] 

Yogurt (with human-

derived strains) 

Human breast milk-derived 

Lactobacillus, 

Bifidobacterium 

Enhanced probiotic viability, gut-brain 

modulation 

Support for emotional and 

cognitive health 

[43] 

Fermented food carriers  Saccharomyces cerevisiae 

var. boulardii 

Antimicrobial, immunomodulatory, 

anti-inflammatory, gut barrier 

protection 

Gastrointestinal support, 

potential mental health benefit 

[44] 

Miso, Kimchi Mixed Lactobacillus and 

Bifidobacterium spp. 

Neurotransmitter production, 

microbial diversity enhancement 

Reduced anxiety/depression in 

animal models 

[45] 

Yogurt, capsules (PS128) Lactobacillus plantarum 

PS128 

Dopamine and serotonin elevation, 

sleep quality improvement 

Reduced anxiety, depression, 

and fatigue; improved sleep 

[46-48] 

Yogurt, capsules (B. 

longum 1714) 

Bifidobacterium longum 

1714 

Cortisol reduction, improved EEG 

patterns, memory support 

Reduced stress and anxiety; 

enhanced cognitive flexibility 

[49-53] 

Fermented soy (tempeh) Rhizopus oligosporus plus 

Lactobacillus spp. 

Gut barrier enhancement, cytokine 

reduction 

Cognitive improvement, anti-

inflammatory 

[58], [63] 

Kombucha Mixed bacterial and yeast 

cultures 

Antioxidant effects, gut microbiota 

modulation 

Mood improvement, stress 

reduction 

[64], [65] 

 

While fermented foods containing psychobiotics 

hold promise as functional foods for mental health 

support, further research is needed to fully understand 

their efficacy, optimal strains and dosages, and the 

mechanisms underlying their effects. Standardization of 

fermentation processes and comprehensive clinical trials 

will be essential in establishing clear guidelines for their 

use in promoting cognitive and emotional well-being.  

 

Scientific Innovation: The paper brings forward an 

interdisciplinary synthesis linking microbiology, 

neuroscience, and nutrition to spotlight fermented 

psychobiotics as innovative, non-invasive alternatives to 

pharmacological cognitive therapies. By focusing on 

strain-specific mechanisms and emphasizing the 

importance of developing robust biomarkers and 

standardized interventions, the review lays a foundation 

for advancing personalized psychobiotic nutrition. 

Practical Implications: Fermented foods enriched with 

targeted psychobiotic strains could become a widely 

accessible, cost-effective strategy to enhance mental 

well-being, especially in populations at risk for cognitive 

decline. With additional clinical validation, these foods 

may serve as dietary adjuncts for managing mood 

disorders, chronic stress, and mild cognitive impairment, 

potentially reducing reliance on conventional 

medications. 

 

CONCLUSION 

As the global burden of cognitive decline and mental 

health disorders continues to rise, driven by an aging 

population and increased psychosocial stressors, the 

search for novel, non-invasive, and preventative 

therapeutic approaches becomes more urgent. This 

review has synthesized mounting evidence highlighting 

the gut-brain axis as a crucial mediator in neurological 
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and psychological health, with psychobiotics emerging as 

a promising intervention. Specifically, psychobiotics 

derived from fermented foods offer a unique and 

accessible dietary strategy to support brain function, 

mood regulation, and resilience against stress.  

The mechanisms by which psychobiotics influence 

the central nervous system are multifaceted, involving 

modulation of neurotransmitter pathways, reduction of 

neuroinflammation, preservation of gut barrier integrity, 

and the production of neuroactive compounds, including 

short-chain fatty acids, vitamins, and polyphenol 

metabolites. These mechanisms highlight the complexity 

of gut-brain communication and emphasize the 

therapeutic potential of targeting the microbiome to 

modulate brain health. Numerous psychobiotic strains 

have been repeatedly shown to positively affect stress, 

mood, memory, and cognition, particularly when 

delivered in functional fermented food matrices such as 

kefir, yogurt, kimchi, and fermented soy products. 

However, despite promising findings from animal 

models and early human trials, several challenges 

remain, such as the limited scale of human clinical 

studies, inconsistent methodologies, lack of strain-

specific standardization, and variability in dietary and 

genetic factors among participants. Additionally, the 

mechanisms underlying psychobiotic action in humans 

are still not fully understood, particularly regarding long-

term effects and interactions with host-specific 

microbiota compositions. Future research must prioritize 

large-scale, double-blinded clinical trials with clearly 

defined psychobiotic strains, standardized dosages, and 

longitudinal assessments to better capture the dynamic 

nature of gut-brain interactions.  

Another equally important factor to the success of 

psychobiotics is the development of robust, strain-

specific biomarkers to evaluate psychobiotic efficacy and 

a better understanding of the host-microbe-environment 

triad that modulates mental health outcomes. Advances 

in metagenomics, metabolomics, and neuroimaging may 

help address these gaps by enabling researchers to draw 

clearer causal relationships between microbial 

composition, metabolite production, and neurological 

function. 

Nonetheless, integrating psychobiotics into daily 

dietary practices represents a compelling frontier in 

preventive health care. Fermented foods enriched with 

targeted psychobiotic strains could eventually serve as 

adjuncts, or even alternatives, to conventional 

pharmacological treatments, particularly in cases of mild 

cognitive impairment, chronic stress, and mood 

disorders. The interdisciplinary nature of this field, 

encompassing microbiology, neuroscience, nutrition, and 

psychology, underscores the importance of collaborative 

research efforts to unlock the full therapeutic potential 

of psychobiotics. 

In conclusion, while we are still at the early stages 

of fully understanding and harnessing the power of 

psychobiotics from fermented foods, current evidence 

strongly supports their role as a natural, sustainable, and 

accessible intervention to improve cognitive and mental 

health outcomes. With further validation and 

refinement, psychobiotics may become essential to 

personalized nutrition and mental health care in the 21st 

century. 
 

Abbreviations: GBA: gut-brain axis; MDD: major 

depressive disorder; CGRP: calcitonin gene-related 

peptide; BDNF: brain-derived neurotrophic factor; ASD: 

autism spectrum disorder; VLMT: Verbal Learning 

Memory Test; SCFAs: short-chain fatty acids; HDAC: 

histone deacetylase  
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