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Abstract 
The objective of this work was to establish a three-dimensional measuring 
method for the size, morphology and distribution of internal structure such as 
ice crystals, bubbles and solids content within an ice cream sample by using a 
cryogenic microtome spectral imaging system (CMtSIS). The 3-D images of 
ice crystals, bubbles and milk solids were recognized by reconstructing the 
circles in 2-D images into 3-D spheres; and the Overrun by Volume (ORV) 
was obtained by incorporating the area of bubbles on integrated image and 
the volume of bubbles in the 3-D image. 
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Measurement of bubbles is difficult when using SEM or Cryo-SEM because of sublimation 
at the sample surface. Ice crystals and bubbles within a sample can be resolved by the vacant 
spaces left after freeze-drying. Since all vacant spaces are treated as ice crystals and bubbles 
in the analysis of a freeze-drying process, some questions may be raised to the identification 
of ice crystals and bubbles. Therefore, a 3-D measuring method for the size, morphology and 
distribution of internal structure such as ice crystals, bubbles and solids content within an ice 
cream sample was established in this research by using the CMtSIS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusions 

A novel technique was developed for the detection of 3-D internal structure of ice cream 
samples produced at different overrun levels and its high accuracy was verified by using the 
CMtSIS. The following conclusions were reached: 
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a) Ice cream                        b) Bubble                       c) Ice crystal                   d) Milk solid 

Fig. 7 Morphology and distribution of internal structure of ice cream. 

Fig. 8 Distribution of volume of bubbles. 

n : 1178 

Fig. 9 Distribution of volume of ice crystals. 

n : 186 
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1. The actual size of the integrated images was 1164×924 µm2  and from these images the 
range of the areas of the recognized bubbles was determined to be from microscale of 
0.9 to macroscale of 48362.0 μm2. 

2. The means of obtained ORVs were 10.5%, 42.8%, and 77.7%, whereas the means of 
the measured ORs were 11.5%, 44.0% and 73.8% for the ice cream samples produced 
at three overrun levels (low, medium, and high, respectively). 

3. The estimated volumes of bubbles ranged from 0.125 mm3 to 490.421 mm3 with a mean 
of 2.342 μm3, and those for ice crystals ranged from 0.125 mm3 to 5493.684 mm3 with 
a mean of 34.483 mm3 in the 3-D image for the ice cream sample of 12.7% OR. 

4. The ORV of 14.8% was obtained by incorporating the volume of bubbles in the 3-D 
image in the case of the ice cream sample of 12.7% OR. 
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