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Artificial gut systems have become indispensable tools for investigating the human intestinal 
microbiome under controlled conditions. These in vitro models allow the study of microbial 
community dynamics, metabolism, and responses to dietary or pharmaceutical interventions 
without the ethical and practical limitations of in vivo studies. Systems differ in complexity and 
application. 

Batch and fed-batch fermenters offer simple, cost-effective platforms to assess short-term 
microbial metabolism but lack the spatial and temporal resolution needed for long-term 
stability. Continuous multi-compartment models, such as the Simulator of the Human 
Intestinal Microbial Ecosystem (SHIME®) and the TNO Intestinal Model (TIM-2), provide 
greater physiological relevance by simulating different gastrointestinal regions under stable 
pH, anaerobic, and nutritional conditions. These models are widely used to evaluate dietary 
components, probiotics, and antimicrobial effects with high reproducibility. Gut-on-a-chip 
systems represent a newer generation, combining microfluidics with human epithelial or 
immune cells to mimic peristalsis, barrier function, and host–microbe interactions. Although 
technically demanding and less suited for complex microbial communities, they enable 
mechanistic insights into host physiology not captured by traditional bioreactors. 

Overall, artificial gut systems complement animal and human studies by offering reproducible, 
ethical, and mechanistic insights. Their future lies in integrated, multi-platform approaches that 
combine ecological fidelity with host relevance to translate findings into human health contexts. 

An illustrative application is the investigation of food additives such as monosodium glutamate 
(MSG) used as food flavour enhancer. Using SHIME® combined with defined synthetic 
communities, MSG has been shown to alter microbial composition and short-chain fatty acid 
production in a compartment-specific manner. Such findings underscore how artificial gut 
models can disentangle microbiome responses to common dietary exposures. 

 


