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Evaluation of Apple Freshness by Characterizing
Surface Texture of Cells
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ABSTRACT

The freshness of apple was evaluated by characterizing the surface texture of flesh cells. The freshness index
which was related to the amount of wrinkles on the cell surface was defined to quantify the freshness. Four

parameters relevant to the amount of the cell wrinkles were selected and measured using image analysis including

wrinkle extraction procedure and Fast Fourier Transform of a wrinkle-extracted image. Out of 4 parameters, three
parameters had highly significant correlations with the time elapsed after harvest. But it was concluded that two
parameters out of such 3 parameters could be used for description of freshness index.
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Fig. 1 [a] An original image of apple cell surface, [b] the wrinkle-extracted image.

Table 1 Correlation between the surface texture of apple cells and the time elapsed after har-

vest

Time (days) w, w, w; A
Time 1.0000 0.8412 0.9433** 0.9340** 0.9286**
(days) (0.0358) (0.0047) (0.0064) (0.0074)
W 1.0000 0.8860 0.9424** 0.7934
! (0.0187) (0.0049) (0.0596)
w 1.0000 0.9899** 0.9851**
? (0.0002) (0.0003)
1.0000 0.9509**

W

(0.0036)

W, 1.0000

Notes) wi:

Mean of grey scale of pixels in an image processed by the recursive laplacian

wy . Standard deviation of grey scale of pixels in an image processed by the recursive laplacian

w3 Mean of grey scale of pixels in an image of Fourier spectrum by FFT

wq: Standard deviation of grey scale of pixels in an image of Fourier spectrum by FFT

( ): Significance probability which means “highly significant” when its value is equal to or less than 0.01

**: highly significant at confidence level of 99%
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Index of freshness
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Fig. 2 Variation of the apple freshness index
with respect to the time elapsed after
harvest.
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