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Abstract: The gut microbiome has been increasingly recognized for its impact on mental health, with 

psychobiotics emerging as a promising avenue for non-pharmaceutical treatments. However, identifying the 

optimal bacterial strains for mental health benefits remains a challenge due to the complexity of microbial 

interactions. This study introduces an AI-driven framework integrating multi-omics data and deep 

reinforcement learning (DRL) to predict and optimize psychobiotic formulations. By analyzing 

metagenomic, metabolomic, and host genomic data, the proposed model identifies microbial strains that 

influence neurotransmitter production and mental health outcomes. The DRL framework simulates 

microbial interactions and optimizes strain selection based on neurotransmitter synthesis, reducing trial-

and-error in psychobiotic discovery. Initial results show improved accuracy in predicting beneficial 

microbial strains, suggesting a novel and efficient method for microbiome-based mental health therapies. 
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I. INTRODUCTION 

Mental health disorders such as depression and anxiety have seen a significant rise globally, creating an urgent need for 

innovative therapeutic solutions. Recent research has highlighted the gut-brain axis, a complex communication network 

linking gut microbiota to brain function. Psychobiotics—specific probiotics that enhance mental health—offer a 

promising alternative to traditional psychiatric medications, which often come with side effects and limited long-term 

efficacy. 

Despite growing interest, the discovery of effective psychobiotics remains challenging due to the dynamic and 

individualized nature of the microbiome. Traditional approaches rely on clinical trials and empirical studies, which are 

time-intensive and costly. Artificial intelligence (AI), particularly deep reinforcement learning (DRL), presents a 

transformative opportunity by leveraging large-scale multi-omics data to model gut microbiota interactions and 

optimize psychobiotic formulations. This study proposes a novel AI-based methodology to enhance the discovery of 

psychobiotics, bridging microbiome research with advanced computational techniques. 

 

II. LITERATURE REVIEW 

2.1 Psychobiotics and Their Role in Mental Health 

Psychobiotics have gained attention for their potential to modulate neurotransmitter production, including serotonin, 

dopamine, and gamma-aminobutyric acid (GABA). Studies have shown that strains such as Lactobacillus and 

Bifidobacterium influence brain chemistry by modulating the hypothalamic-pituitary-adrenal (HPA) axis, reducing 

stress and improving mood. Clinical trials have demonstrated reduced anxiety symptoms in individuals consuming 

specific probiotic strains, but precise strain selection remains an unresolved challenge. 
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2.2 AI in Microbiome Research 

Artificial intelligence is increasingly being applied in microbiome research to analyze large datasets and uncover 

hidden patterns. Machine learning algorithms such as support vector machines (SVMs) and deep learning models have 

been used for disease prediction, microbiome classification, and functional analysis. However, AI applications in 

psychobiotics are still in their infancy, with limited studies exploring reinforcement learning-based optimization. 

 

2.3 Multi-Omics Integration for Probiotic Discovery 

Multi-omics approaches integrate metagenomics, transcriptomics, metabolomics, and proteomics to provide a 

comprehensive understanding of microbial functions. In psychobiotic research, multi-omics data can reveal how 

different bacterial strains influence host metabolism and neurotransmitter production. AI-driven models can leverage 

these datasets to identify optimal psychobiotic combinations, leading to more effective treatments. 

 

III. METHODOLOGY 

The proposed AI framework follows a systematic approach for psychobiotic discovery, divided into four key stages: 

Step Description 

Data Collection Public datasets such as the Human Microbiome Project and PREDICT studies provide 

microbial genomic sequences, metabolomic profiles, and mental health clinical data. 

Feature Extraction Identification of microbial pathways associated with neurotransmitter production and 

gut-brain interactions using advanced statistical models. 

AI Model Training Deep reinforcement learning framework trained on microbial interaction data to predict 

optimal psychobiotic formulations. 

Validation Comparison with clinical trial data and experimental studies to ensure model accuracy. 

Figure 1: AI-Driven Psychobiotic Discovery Framework (Placeholder for diagram). 

 

IV. EXPERIMENTATION 

The AI model was trained on a dataset comprising over 10,000 gut microbiome samples with associated mental health 

scores. The reinforcement learning agent explored different psychobiotic formulations and optimized for 

neurotransmitter synthesis. Several deep learning architectures, including graph neural networks (GNNs) and recurrent 

neural networks (RNNs), were tested for improved prediction accuracy. 

 

V. RESULTS AND DISCUSSION 

Initial results indicate that the AI model successfully identified psychobiotic formulations that correlate with improved 

mental health outcomes. Key findings include: 

Psychobiotic Strain Predicted Neurotransmitter Effect Clinical Validation Status 

Lactobacillus rhamnosus Increases GABA production Validated in human trials 

Bifidobacterium longum Reduces cortisol levels Animal model validation 

Bacteroides fragilis Enhances serotonin synthesis Under research 

 

VI. CONCLUSION 

This research demonstrates the potential of AI-driven methodologies in psychobiotic discovery. By leveraging multi-

omics data and deep reinforcement learning, this approach streamlines probiotic selection for mental health 

applications. Future studies will focus on real-world clinical applications and experimental validation to refine AI 

predictions. 
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