Bread pore quantification by cryo-scanning electron microscopy images
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Microstructural knowledge of food products is critical if properties are to be controlled properly since there is a causal connection between structure and functionality. The microstructure of bread determines the appearance, texture, taste perception and stability of the final product and it can give a visual explanation as to why bread of similar chemical composition has measurable different textures. The objective of this work was to quantify the bread pore microstructure by using cryo-scanning electron microscopy (cryo-SEM) to obtain actual crumb feature values and to compare them to similiar features extracted from macroscopic images (using a digital camera imaging system). 

White bread samples of approximately 4×4×3 mm3 were carefully cut and observed at 10 kV and -130°C in a cryo-scanning electron microscope, and digitised in grey-level images of 1024×800 pixels. The levels of magnification (50×, 75×, 100× and 150×) were chosen in such a way that the images could encompass a number of gas cells so that a more realistic estimation of the void fraction could be undertaken. Prior to the acquisition of the SEM micrographs, images were obtained with a high-resolution digital camera (1 pixel line ~ 0.02987 mm) from the same four middle slices of the four bread loaves that were used for the SEM. The images represented 50×50 mm of the sample (1674×1674 pixels).
The cryo-SEM images of bread crumb (n=80) showed that bread is a two-phase system of randomly dispersed cells or cavities that occupy a high volume fraction (~ 0.75 void fraction) in a solid matrix. These cavities were, to a great extent, interconnected, in contrast to what the macroscopical (camera) images would normally suggest. Crumb cells were as small as 10 μm of equivalent diameter, though some tiny bubbles (10 – 80 μm) were mostly located within the cell walls. The intercellular distance or cell wall thickness was on average 60 μm although its range was considerable (10 – 300 μm). Thus, whereas the void fraction is underestimated in the results from the camera images (~ 0.45), the intercellular distance is overestimated (~ 0.86 mm). The gas cells observed in the micrographs had on average a more compact (compactness = 0.800) and less elongated shape (aspect ratio = 1.494) than the ones imaged by the camera (compactness = 0.780, aspect ratio = 1.617). 
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