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Background: postharvest losses and the “black-box” bottleneck
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Why is a new postharvest AI 
framework needed?

13.3%
Food loss from
harvest to retail

>25%
Even higher losses

for fruits and 
vegetables

19%

Additional waste
at the consumer 

level

The bottleneck

AI can predict risk,
but it still cannot fully explain

“why it spoils” or “how to prevent it.”



Highlights
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Three key contributions

1. Building an XAI-ready 
data ecosystem
Integrating host omics, microbiome profiles, 
environmental exposure, and imaging/spectroscopy 
data.

2. Turning black-box 
models into mechanistic 
explanations

Using SHAP, GNN explanation, and counterfactual 
reasoning to identify key drivers.

3. Enabling actionable 
postharvest intervention

Connecting model attribution to coatings, packaging, 
biocontrol, and targeted intervention.

XAI transforms predictions into interpretable mechanisms



Graphical abstract: overall concept of postharvest XAI

Peihua Ma et al. From prediction to actionable mechanisms: Explainable multi-omics AI for farm-to-fork postharvest preservation. iMeta, 2026. 4

Graphical abstract. Across the farm-to-fork chain, XAI connects multi-omics data, mechanism-oriented interpretation, and actionable intervention.



Figure 1. XAI framework for farm-to-fork postharvest preservation
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Figure 1 illustrates supply-chain perturbations, multimodal data, XAI explanation modules, intervention strategies, and a validation loop.



Figure 2. From conventional AI prediction to XAI mechanism discovery and intervention
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Figure 2 compares conventional postharvest AI prediction with the XAI-driven workflow for mechanism discovery, intervention design, and experimental validation.



Mechanism discovery: feature → mechanism → intervention → validation
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How can XAI outputs become testable interventions?

1 Feature 
identification

Wavelengths, genes, metabolites, 
microbes

2 Mechanism 
mapping

Lipid oxidation, defense metabolism, 
interaction pathways

3 Intervention 
design

Coatings, elicitors, biocontrol, 
modified-atmosphere packaging

4 Experimental 
validation

Storage, sensory testing, microbiology, 
sequencing

Key transition: from “Will it spoil?” to “Why does it spoil?” and “How can we prevent it?”



Summary

8

main messages

❑ From prediction to mechanism: AI should not only 
predict, but also explain.
❑ From data to validation: multi-omics supports a 

closed validation loop.
❑ From black box to action: model outputs should 

guide preservation decisions.
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