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Americans consume 17 billion quarts of popcorn annually, making it one of the most wholesome and economical foods available.  Often kernels that have not popped are found at the bottom of the bowl or bag.  These kernels are called old maids and can cause unwanted damage to teeth when unexpectedly consumed.  A method of determining if a kernel will be an old maid is needed to increase the production options of popcorn industries.

When a popcorn kernel is exposed to high temperatures, the water present inside is in the form of steam and the pressure increases.  The increase in pressure ruptures the pericarp, or outer layer of the popcorn kernel, allowing molten starch to expand into thin bubbles.  These bubbles fuse together to form the light, white, fluffy product known as popcorn.  Without the correct amount of pressure the kernel would not pop.  Research indicated moisture content and pericarp stability influenced pressure build up inside the kernel.

Popcorn kernels were separated into ten different lots which were subjected to ten different treatments.  Lots A, B, and C represented different moisture contents, kernels from Lot D and Lot E were each damaged by drilling a hole into the pericarp, kernels from Lot F and Lot G were each damaged by making a cut across the germ, and kernels from Lot H, Lot I, and Lot J were each damaged by making a cut across the pericarp.
 
After treatment kernels from each lot were removed one at a time, measured for thickness and mass, and then placed between two ultrasonic transducers at 250 kHz as shown in Figure 1.  Each kernel was then placed in the microwave to determine if it would pop and if it did, the popped kernel was classified as passing or failing.  Passing designated a kernel that could be eaten without damage to the consumer while failing was designated as a kernel that could not be eaten without damage.  The data points collected from the ultrasound equipment were used to calculate time of flight and attenuation values.  These values were then compared to the results obtained from the popping tests.
[image: image1.png]



Figure 1. Ultrasound transducers testing the popcorn kernel.
It was concluded the combination of a low time of flight value along with a high attenuation indicated a failing popcorn kernel.  Twenty kernels of different treatments were randomly chosen, the time of flight and attenuation values were calculated for each, and then a popping prediction was made.  It was predicted 18 of the kernels would pop and pass while two of the kernels would fail.  Of those 18 kernels, 16 popped resulting in a prediction accuracy of 89 percent.  This project presented sufficient information to conclude ultrasound technology can be used as a non-destructive method in determining old maids.  However, before using the ultrasound technology as a prediction method, more tests need to be performed to finalize cutoff time of flight and attenuation values for passing and failing kernel classification at different ultrasound frequencies and different types of popcorn.
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