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Abstract

Producing plant-based meat analogues requires coordinated decisions because fibrous structure formation 
depends on interacting material and process mechanisms. However, relevant evidence is distributed across 
studies and remains difficult to transfer between experimental systems. This fragmentation limits systematic 
comparison and increases  the  experimental  burden of  identifying suitable  processing parameters  and 
ingredient combinations. To address this challenge, we developed an agentic food formulation framework 
for  evidence-grounded  hypothesis  generation  and  experimental  design  in  plant-based  meat  analogue 
production. The knowledge base was assembled through curating and harmonizing more than 300 scientific 
papers about plant-based meat analogue. A total of 858 evidence-backed claims are converted into 935 
causal or associative triples to obtain a comprehensive knowledge graph. Each relation retains paper-level 
provenance within a system-specific experimental condition. A large language model (LLM) agent can then 
use the knowledge graph for context-matched retrieval to achieve in-silico hypothesis testing and generative 
formulation assistance. Preliminary in-silico tests showed promising agreement between predicted rankings 
and reported fibrousness levels in new studies outside of the knowledge base. The comparison focuses on  
within-study  ordering,  which  reduces  confounding  from  differences  in  equipment  and  measurement 
protocols. The LLM agent also generated candidate recipes and processing parameters that were technically 
plausible for laboratory screening. The laboratory validation showed that while directionally correct, the 
generated processing conditions were biased by study-specific settings, with insufficient consideration of 
the underlying mechanisms. The knowledge base reduces the experimental search space through evidence-
grounded hypothesis generation. Generative formulation requires a clearer distinction between transferable 
mechanisms  and  study-specific  operating  windows.  Future  work  should  integrate  mechanism-aware 
reasoning with uncertainty estimates  that  account  for  equipment-specific  constraints.  This  case study 
demonstrates  an  early  attempt  toward  highly  accurate  and  autonomous  agentic  systems  for  food 
formulation.


