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Abstract. The gut–brain axis has attracted growing attention, given that 

microbial activity can significantly influence host neurophysiology. Central to 

this interaction are biogenic amines, including serotonin, dopamine, gamma-

aminobutyric acid (GABA), tryptamine and phenylethylamine, which are 

synthesised by selected probiotic strains as microbial metabolites. These 

metabolites act as postbiotic agents, maintaining biological activity 

independently of bacterial viability and representing a mechanistic link between 

gut bacteria and mental health. Both gut-resident probiotics and fermented 

products are sources of these compounds, as microbial communities transform 

dietary substrates into various neuroactive molecules. This metabolic capacity 

underscores the role of gut bacteria as functional hubs that produce psychobiotic 

agents. By modulating neurotransmission, immune responses and stress-related 

pathways, postbiotic biogenic amines provide the basis for innovative nutritional 

and therapeutic approaches. The interplay between probiotics, their metabolites, 

and fermentation-derived postbiotics emphasises their potential for supporting 

mental well-being. 

Keywords: Biogenic amines, microbial metabolites, probiotics, postbiotics, 

fermented products, gut bacteria, psychobiotics. 

1 Introduction 

The human gut microbiota has emerged as a critical regulator of overall health and well-

being. The bidirectional communication network connecting intestinal microorganisms 

with the central nervous system, known as the microbiota–gut–brain axis (MGBA), 

plays a pivotal role in regulating stress, cognition, and emotional balance (Marano et 

al., 2023). This has accelerated the development of next-generation functional biotics,  
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including probiotics, postbiotics, prebiotics and synbiotics, which act as neuroactive 
modulators with significant implications for mental health (Schneider et al., 2024). 
Probiotics are basically living microorganisms that can do you good if you've got 
enough of them (Ranjha et al., 2021; Karukuvelraja & Saranya, 2025). As well as main-
taining intestinal homeostasis, they exert systemic and neural effects through immune 
and endocrine pathways (Park et al., 2025). Certain Lactobacillus and Bifidobacterium 
strains synthesise bioactive biogenic amines, such as serotonin, dopamine, gamma-ami-
nobutyric acid (GABA) and tryptamine, that act as microbial neurotransmitters, influ-
encing neuronal signalling and behaviour (Ramesh et al., 2024; Bleibel et al., 2023; Du 
et al., 2024). These metabolites are considered key psychobiotic molecules that facili-
tate communication between gut microorganisms and the host’s central nervous system 
(Cryan et al., 2021). 

Notwithstanding their well-documented benefits, probiotic applications are confronted 
with challenges related to strain viability, safety concerns, and variability in host colo-
nization (Merenstein et al., 2023; Vinderola et al., 2022). These limitations have shifted 
scientific attention towards postbiotics — non-viable microbial cells, cell fragments 
and their metabolic products that exert biological activity regardless of cell viability 
(Prajapati et al., 2023). Postbiotics include peptides, organic acids, and short-chain fatty 
acids. 

1.1  Functional Biotics and Their Neuroactive Mechanisms 

The concept of functional biotics has evolved substantially over the past decade. Initi-
ally, the term referred exclusively to probiotics—live microorganisms that, when ad-
ministered in adequate amounts, confer measurable health benefits to the host. Today, 
it encompasses a broader spectrum of bioactive agents, including inactivated microbial 
cells and their metabolites, which exert distinct physiological and neurological effects 
(Schneider et al., 2024). Functional biotics now unite several categories—probiotics, 
prebiotics, synbiotics, paraprobiotics, and postbiotics—all defined by their capacity to 
modulate host health through microbiota-mediated mechanisms (Salminen et al., 2021). 
According to the International Scientific Association for Probiotics and Prebiotics 
(ISAPP), postbiotics are “preparations of inanimate microorganisms and/or their com-
ponents that confer a health benefit on the host” (Salminen et al., 2021). This definition 
represents the latest stage in the conceptual evolution of functional biotics. Postbiotics 
include non-viable microbial cells and cell-free supernatants enriched with peptides, 
short-chain fatty acids (SCFAs), exopolysaccharides, and other soluble molecules (fig.. 
1) with biological activity ((Yeşilyurt, et al., 2021; 
Xin et al., 2024). 
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Fig. 1. Microbial Communication and Functional Metabolic Networks 

Compared with live probiotics, postbiotics provide greater stability, safety, and formu-
lation flexibility, as they are not subject to challenges such as antibiotic resistance or 
colonization variability ( El Far et al., 2023). Moreover, postbiotic metabolites—parti-
cularly SCFAs and bioactive peptides—are increasingly recognized for their antioxi-
dant, immunomodulatory, and neuroactive properties, bridging microbiome research 
with functional food and biotechnology (Moradi et al., 2020). This paradigm shift—
from microbial viability to functional efficacy—marks a turning point in microbial the-
rapeutics, paving the way for precision fermentation and the development of biofuncti-
onal ingredients with defined psychobiotic potential. 

1.2   Mechanisms of Action of Functional and Psychobiotic Systems 

Functional and psychobiotic systems influence the host through interconnected meta-
bolic, immune, endocrine, and barrier-regulating pathways that collectively sustain 
gut–brain communication (Lei et al., 2023). 
A primary mechanism is metabolic modulation via short-chain fatty acids (SCFAs) 
such as acetate, propionate, and butyrate. These metabolites regulate host energy meta-
bolism, enhance mitochondrial efficiency, and exhibit neuroprotective properties Mo-
hammad &Thiemermann, 2021). In addition, SCFAs and microbial-derived peptides 
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balance cytokine production and suppress inflammatory cascades, contributing to sys-
temic homeostasis (Mansuy-Aubert & Ravussin, 2023). 
At the neuroendocrine level, microbial metabolites modulate the hypothalamic–pitui-
tary–adrenal (HPA) axis, influencing stress response and cortisol regulation (Bertollo 
et al., 2025). SCFAs and amino acid derivatives such as tryptophan metabolites affect 
corticotropin-releasing hormone (CRH) and adrenocorticotropic hormone (ACTH) re-
lease, linking microbial activity to endocrine balance (Rusch et al., 2023). 
Immune modulation forms another core mechanism. Functional microbial products inc-
rease anti-inflammatory cytokines such as IL-10 while reducing TNF-α and IL-6, the-
reby promoting macrophage polarization and T-regulatory (Treg) responses (Zhang et 
al., 2023; Duan et al., 2023).  
In parallel, functional metabolites enhance intestinal barrier integrity by upregulating 
tight junction proteins (occludin, claudin) and stimulating mucin production (Lan et al., 
2024; (Yeşilyurt, et al., 2021). This reinforcement reduces translocation of endotoxins 
such as lipopolysaccharides (LPS), preventing systemic inflammation and maintaining 
microbial equilibrium ((Wallace,& Milev,2017; Mansuy-Aubert & Ravussin, 2023). 
Within this framework, serotonin, dopamine, γ-aminobutyric acid (GABA), trypta-
mine, and phenylethylamine—represent central psychobiotic mediators. Produced ma-
inly by Lactobacillus and Bifidobacterium species, these metabolites influence mood, 
cognition, and stress adaptation through vagal and humoral signaling routes (Jang  et 
al., 2024; Asokan & Kumar, 2025; Alagiakrishnan et al., 2024). Their synthesis 
pathways, particularly decarboxylation of amino acid precursors, form the biochemical 
foundation of psychobiotic activity (Kyei-Baffour et al., 2025). 
Collectively, these findings illustrate  (Fig. 2) that functional and psychobiotic systems 
operate as biochemical bridges between the gut microbiota and the brain, integrating 
metabolic, immune, and neurochemical networks to sustain host physiological and 
psychological balance (Zandifar et al., 2025). 
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Fig. 2. Mechanisms of Action of Functional and Psychobiotic Biotics 

2  Biogenic Amines and Neuroactive Metabolites: The 
Chemical Core of Psychobiotic Action 

Some lactic acid bacteria have specialised enzymatic systems that allow them to syn-
thesise neuroactive biogenic amines, which are key mediators of microbiota–gut–brain 
communication. For instance, Lactobacillus brevis and L. plantarum convert glutamate 
to GABA (γ-aminobutyric acid) via glutamate decarboxylase (GAD), a process that is 
commonly used as an indicator of psychobiotic potential (Śliwka et al., 2025a). In a 
similar way, the metabolism of tryptophan is influenced by Bifidobacterium infantis 
and L. helveticus, with these bacteria generating indole derivatives and serotonin pre-
cursors (Chen et al., 2025). 
GABA is one of the psychobiotic metabolites that has been most thoroughly character-
ised. Basically, it's made by certain types of bacteria like L. plantarum, L. rhamnosus, 
and Bifidobacterium breve, and it's like the main thing that stops you getting anxious 
and stressed. It does this by messing with the hypothalamic–pituitary–adrenal (HPA) 
axis, which is like your stress response (Gomes, 2023; Bleibel et al., 2025). 
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Serotonin (5-HT), which is largely produced from tryptophan by Enterococcus faecium 
and Streptococcus thermophilus, accounts for almost 90% of peripheral serotonin. The 
gut-derived hormone serotonin affects mood, thinking, and bowel movements by acti-
vating special cells in the gut and using nerves (Margoob et al., 2024; Hwang, 2025) 
Dopamine biosynthesis from tyrosine occurs in Bacillus subtilis and L. brevis, with the 
resulting catecholamines contributing to emotional regulation and balance. The influ-
ence of these microbial catecholamines on prefrontal–limbic circuits that mediate mo-
tivation and stress resilience has been demonstrated (Asokan & Kumar, 2025; LaGreca 
et al., 2021). 

Table 1. Biosynthetic Pathways of Biogenic Amines 

Metabolite / B
ogenic Amine 

Psychobiotic Role 
Neurofunction 

i- Origin 
Type 

/ Mechanism 
(Gut–Brain Axis)

Represen-
tative Strains  

Key References (2020–2025) 

γ-Aminobutyric
Acid (GABA) 

Inhibitory neurot
ransmitter; reduce
anxiety and stress 

 Probiotic
& Postbiotic

-
s 

Activates va
gal pathways; inc
reases BDNF an
hippocampal 
GABA receptors 

 
 

Lactobacil-
lus plantarum
Bifidobacte-
rium breve 

-
-
d Gomes, P. (2023); Bleibel et al., 2023 

, 

Serotonin (5
HT) 

Regulates mood
sleep, gut motility 

-
Probiotic

, 
Stimulates en

terochromaffin 
cells; vagal signa
ling to CNS 

 

Enterococ-
cus faecium
Streptococcus 
thermophilus 

-

-
Margoob et al., 2024; Hwang, 2025 

, 

Dopamine 
Reinforcement, 

motivation, cognition 
Probiotic

& Postbiotic

Tyrosine meta
bolism; affects ca
techolaminergic 
tone 

 
 

Lactobacil-
lus brevis, Ba-
cillus subtilis 

-
-

Asokan & Kumar, 2025. 

Tryptamine / In
doles 

Serotonin recepto
agonist; neurogenesis
circadian regulation 

-
Postbioti

r 
, 

Acts on 5
HT₄/5-HT₇; cros
ses gut–brain bar
rier via vagus an
humoral routes 

c 

Clostri-
dium sporoge-
nes, Bacteroi-
des fragilis 

-
-
-
d 

Yilmaz et al., 2022, Głowacka et al.,
024  2

Phenylethyla-
mine (PEA) 

Trace amine neuro
modulator; improve
alertness and mood 

Probiotic
& Postbiotic

-
s 

Enhances do
paminergic trans
mission and cort
cal activation 

 
 

Lactobacil-
lus plantarum
Enterococcus 
faecalis 

-
-

i-
Gomes, 2023 

, 



, 

, 
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Metabolite / Bi
ogenic Amine 

Psychobiotic Role 
Neurofunction 

- Origin 
Type 

/ Mechanism 
(Gut–Brain Axis)

Represen-
ative Strains  t

Key References (2020–2025) 

 
Histamine 

Dual neuroimmun
modulator; mediate
arousal and inflamma
tion 

Postbioti

e 
s 
-

HDC-mediate
production; influ
ences microgli
and HPA axis 

c 

Lactobacil
us hilgardii

Oenococcus 
oeni 

d 
-
a 

l Moradi et al., 2020; Amobonye et al.
2025; Carthy, E., & Ellender, 2021. 

-
, 

Polyamines 
(Putrescine, Cada
verine, Spermidine

Neuroprotective 
and pro-cognitive fac
tors 

-
) 

Postbioti-

Polyamine 
synthesis; impro
ves synaptic stabi
lity, stress resi
lience 

c 

Lactobacil
us curvatus

Brevibacte-
ium linens 

-
-
-

l

r

Yeşilyurt, et al., 2021; Moradi et al.
2020; Barbosa et al., 2024 

-
, 

Enterococcus faecium and Streptococcus thermophilus generate dopamine and phe-
nylethylamine from tyrosine, thereby contributing to the biochemical diversity of fer-
mented products (Bleibel et al., 2023). The functional and sensory qualities of fer-
mented foods are shaped by these metabolites, which influence pH stability, flavour, 
and antioxidant capacity, while simultaneously participating in host signaling pathways 
(Mishra et al., 2024). Consequently, biogenic amines serve as both biofunctional mol-
ecules and quality markers within fermentation systems. 
Psychobiotic metabolites as biotechnological targets 
The emerging focus in food biotechnology is on directing microbial metabolism to-
wards specific neuroactive compounds. Target metabolites can be modulated by con-
trolled fermentation parameters. These include pH, substrate type and co-culturing. 
This enables the development of psychobiotic-enriched food matrices. These have pre-
dictable neuroactive profiles (Karukuvelraja & Saranya, 2025). Microorganisms pro-
duce a broad spectrum of neuroactive metabolites, including GABA, serotonin, dopa-
mine, tryptamine, phenylethylamine and histamine, mainly through decarboxylation 
and transformation reactions of amino acids (Barbosa et al., 2024). These metabolites 
collectively participate in microbiota–gut–brain signalling. 

Their incorporation into functional foods guarantees consistent bioactivity, reliable fer-
mentation results, prolonged shelf life, and the maintenance of biochemical functional-
ity in products aimed at enhancing cognitive or metabolic function (Scott, et al., 2022). 
The biochemical link between microbial metabolism and psychobiotic function is ulti-
mately represented by biogenic amines and related neuroactive metabolites. The next 
generation of microbial products is defined by their controlled synthesis, accumulation, 
and stabilization, where food-grade fermentation and postbiotic technology converge 
to produce reproducible, neuroactive, and functionally robust compounds for advanced 
nutritional and biotechnological applications (Hua et al., 2022). 
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3  Postbiotic Metabolites: Technological and Functional 
Significance 

Postbiotic metabolites have emerged as key functional components in food biotechnol-
ogy, integrating microbial functionality with technological stability. Unlike probiotics, 
postbiotics remain bioactive after processing and storage, ensuring consistent biochem-
ical effects independent of cell viability (Amobonye et al., 2025). Their stability and 
predictability make them suitable for industrial applications, particularly in fermenta-
tion control, food preservation, and the design of functional products (Yılmaz et al., 
2022). 
Postbiotic compounds—including organic acids, peptides, bacteriocins, and exopoly-
saccharides—support both the safety and sensory attributes of food systems. Organic 
acids such as lactic, acetic, and butyric acids lower pH, inhibit spoilage microorgan-
isms, and contribute to flavour development. Bacteriocins and antimicrobial peptides 
provide natural preservation, reducing reliance on synthetic additives (Vinderola et al., 
2022), while exopolysaccharides enhance texture and water retention in both dairy and 
plant-based formulations (Karukuvelraja & Saranya, 2025). 
Optimising fermentation parameters—such as temperature, pH, carbon sources, and co-
culture strategies—enables standardised postbiotic profiles and scalable production, 
achieving functional reproducibility that surpasses the variability associated with live 
microbial cultures (Mishra et al., 2024b). Incorporation of postbiotics into food matri-
ces improves shelf life, biochemical uniformity, and potential health-related benefits, 
including modulation of amino acid–derived neuroactive metabolites and enhancement 
of digestive functions (Śliwka et al., 2025b; Chen et al., 2025). 

3.1  Psychobiotic Agents: Metabolic and Biochemical Perspectives 

The concept of psychobiotic agents integrates microbial metabolism with biochemical 
communication mechanisms between microorganisms and their environment. Modern 
psychobiotics emphasise metabolic functionality over microbial viability, with psycho-
biotic activity primarily determined by metabolite profiles rather than cell survival 
(Slykerman et al., 2025; Kyei-Baffour et al., 2025; Bleibel et al., 2025). Early studies 
demonstrated that certain lactic acid bacteria synthesise neuroactive molecules such as 
GABA and serotonin, influencing central nervous system signalling (Alagiakrishnan et 
al., 2024 ). Recent work positions these metabolites as functional biomolecules in food 
biotechnology, with applications in precision fermentation and psychobiotic-enriched 
products (Rocchetti et al., 2025). 
Postbiotic derivatives—consisting of inactivated microbial biomass and secreted me-
tabolites—serve as reproducible metabolic platforms with enhanced safety and stability 
(Islam et al., 2024; Zhu et al., 2025). Thermal, enzymatic, or mechanical inactivation 
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preserves key metabolites such as peptides, short-chain fatty acids, and amino acid de-
rivatives, which maintain bioactivity, modulate fermentation kinetics, and influence co-
cultured strains (Amobonye et al., 2025). 
This shift represents a paradigm change in microbial biotechnology: survival-based 
probiotic models are increasingly complemented or replaced by metabolite-driven psy-
chobiotic systems. Microbial metabolites now form the fundamental building blocks 
for functional innovation, bridging food science, metabolic engineering, and microbial 
ecology to create reproducible, scalable, and neuroactive bioproducts suitable for ad-
vanced nutritional and biotechnological applications (Kyei-Baffour et al., 2025; Roc-
chetti et al., 2025). 

4  Conclusion: 

Psychobiotic research has entered a transformative phase, shifting the focus from live 
probiotics to their metabolic and molecular by-products. Biogenic amines and other 
neuroactive metabolites now represent the biochemical basis through which gut micro-
organisms influence cognition, emotion and stress resilience in the host. The shift from 
evaluating cell viability to assessing functional metabolite efficacy has redefined mi-
crobial biotechnology, establishing postbiotics as reliable, consistent, and scalable tools 
for creating neuroactive and functional food systems. The intersection of microbial me-
tabolism, food technology, and neurocognitive science suggests that engineered psy-
chobiotic systems will play a pivotal role in promoting mental well-being and metabolic 
balance in the future. 

Future advances will depend on linking metabolomic profiling with mechanistic under-
standing to optimise the production and application of these neuroactive compounds. 
Identifying metabolite signatures, clarifying host–microbe signalling pathways and ap-
plying precision fermentation and synthetic biology will enable the controlled produc-
tion of specific psychobiotic molecules. Together, these developments will shift the 
focus from organism-based supplementation to molecule-driven functional biotics, 
thereby bridging the gap between microbial metabolism and human cognitive health 
within a reproducible and technologically sustainable framework.  
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