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Abstract

Food structure is often described through ingredients, recipes and bulk measurements, yet the transition 
from liquid to gel, from firm to brittle, or from dense to creamy is governed by structural changes occurring 
below the scale of direct human perception. Recent advances in optical microscopy now allow these 
transformations to be followed with increasing spatial, chemical and temporal precision. Although their  
application in food science is still emerging, these techniques are beginning to change how we connect 
processing, microstructure and eating quality. Our work asks how microscopic structural transformations 
during food preparation and formulation translate into measurable texture and mouthfeel.  A common 
mechanistic thread is followed across familiar systems: heat-induced protein network formation in egg, 
enzyme-driven gelation in cheese, phase reorganisation during oleogel formation, and swelling, softening 
and cellular breakdown in cooked legumes and seeds. At the macroscopic scale, these are culinary or 
processing steps. Under the microscope, they become visible mechanisms: proteins aggregate and contract, 
interfaces reorganise, pores open or close, cells swell and rupture, and load-bearing structures emerge,  
strengthen or fail. Super-resolution microscopy, label-free chemical imaging, time-resolved and in situ 
imaging, and automated image analysis were applied to capture these transformations across relevant length 
and time scales. The images were not treated as illustrations alone. Image-derived descriptors, including 
network  connectivity,  domain  size,  porosity,  phase  distribution  and  structural  anisotropy,  were 
quantitatively  correlated  with  rheological  and  textural  data.  This  moves  microscopy  from  visual 
documentation toward quantitative structure–function analysis. By making invisible mechanisms visible, 
optical microscopy provides a powerful route to understand how food structures form, transform and break 
down during processing, storage and preparation. Seeing into foods therefore offers not only striking 
images,  but  mechanistic  evidence  for  designing  materials  with  targeted  functionality,  mouthfeel  and 
sensory appeal.
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