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Fig. 1.

Original image, image after thinning by 5, 10 and 20 rounds (a, b and c, respectively) and image

after removing hairline from the thinned image (a’, b’ and ¢’).
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Fig. 2. Image of M. longissimus dorsi of 11 Japanese Black steers exhibited to skilled five graders.
Assigned scores by skilled five graders are shown in Table 1.

Table 1. Scores for overall coarseness of marbling in the ribeye and for coarseness of the undesirable particle of
marbling in the ribeye by five skilled graders'

Image Overaléooarseness Coarseness of undesirable marbling

No. in rader Grader

Fig- 1 4 2 3 4 5  Avel i 2 3 4 5 Ave’
a 6 3 6 4 7 5.3 9 3 7 8 8 7.7
b 5 6 5 6 4 5.3 4 6 5 4 4 4.3
c 2 5 2 1 1 1.7 1 4 2 3 1 2.0
d 4 4 3 3 3 3.3 3 5 3 2 1 2.7
e 11 11 11 11 1 11.0 8 11 1 11 11 11.0
f 7 7 9 7 8 7.3 11 8 10 10 9 9.7
g 9 10 10 10 10 10.0 10 10 9 9 10 9.7
h 3 2 4 5 6 4.0 5 2 4 5 6 4.7
i 1 1 1 2 2 1.3 2 1 1 1 1 1.0
j 10 9 8 9 5 8.7 6 7 6 6 5 6.0
k 8 8 7 8 9 8.0 7 9 8 7 7 7.3

! Graders assigned smaller score for fine particles of marbling.
2 Average value of scores from three graders except for the extreme scores from two graders.
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Table 2. Spearman’s rank correlations between
coarseness 1 to 4 obtained from image analysis method
and the evaluated scores by graders for the overall
coarseness and the coarseness of undesirable particle
of marbling

Coarseness of

Overall :
! undesirable
coarseness particle?

Coarseness 1

5 rounds 0.67* 0.87**

10 rounds 0.71* 0.91**

20 rounds 0.52 0.77**
Coarseness 2

5 rounds 0.87** 0.96%*

10 rounds 0.71* 0.91**

20 rounds 0.52 0.77**
Coarseness 3

5 rounds 0.65*% 0.88**

10 rounds 0.78** 0.93**

20 rounds 0.58 0.74%*
Coarseness 4

5 rounds 0.64* 0.87**

10 rounds 0.78** 0.93**

20 rounds 0.58 0.74**

* ;. P<0.05, ** ; P<0.01.

"Overall coarseness of marbling particles in the ribeye.
2Coarseness of undesirable particle of marbling in the
ribeye.
Coarseness 1=Pixels after thinning and removing
hairline/Pixel of ribeye X 100.
Coarseness 2=Pixels after thinning and removing
hairline/Pixel of marbling X 100.
Coarseness 3=Maximum pixel of marbling after
thinning and removing hairline/Pixel
of ribeye X 100.
Coarseness 4=Maximum pixel of marbling after
thinning and removing hairline/Pixel
of marbling <X 100.
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Fig. 3.

Image of M. longissimus dorsi with high “Coarseness index 2 (5)” among 2,259 images.

Coarseness index 2 (5)=Pixels after 5 round thinning and removing hairline/Pixel of marbling < 100.

Fig. 4.

Image of M. longissimus dorsi with high “Coarseness index 4 (5)” among 2,259 ima‘ges.

Coarseness index 4 (5)=Maximum pixel after 5 round thinning and removing hairline/Pixel of marbling X 100.
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Table 3. Least square means for coarseness of
marbling particles in the ribeye by breed, sex and BMS
number

Coarseness 2 (5)' Coarseness 4 (5)?

Source

(%) (%)
Breed
JB? 25.2° 6.1°
F14 28.1° 7.4°
Sex
Steer 25.9% 6.3
Heifer 27.4° 7.1°
BMS No.
2 20.5° 7.4
3 22.7% 7.0°
4 24.2° 6.72
5 25.6% 6.9°
6 25.6% 6.4°
7 25.90° 6.42
8 27.7° 6.8°
9 27.8° 7.12
10 28.9 6.3°
11 31.4% 7.3
12 33.4¢° 5.78

'Coarseness 2 (5)=Pixels after 5 rounds thinning and
removing hairline/Pixel of marbling
X 100.

2Coarseness 4 (5)=Maximum pixel of marbling after 5
rounds thinning and removing
hairline/Pixel of marbling X 100.

3JB : Japanese Black.

“F1 : Japanese Black &' X Holstein §.

ab.cdeDifferent superscripts in each source and trait

mean significant difference (P<0.05).
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Evaluation of Coarseness of Marbling in the Beef Ribeye
by Computer Image Analysis
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The method of evaluating the coarseness of the marbling particle was examined by computer image
analysis, and “Coarseness Index” was newly proposed. The effects of breed and sex on the “Coarseness
index” were investigated. Digital color images of M. longissimus dorsi of 11 Japanese Black steers assigned
as BMS No. 5 by grader were converted into binary image. First, the binary images were thinning by 5, 10
and 20 rounds maintaining the connection of pixels. Second, the hairline (width of line being 1 pixel) of
thinned image was removed. Finally, the number of pixels after thinning and removing hairline was counted.
Correlation coefficient between scores assigned by five skilled graders for the coarseness of marbling
particle and “Coarseness index (Cl2-5)” by computer image analysis was extremely high (r=0.96). Thus, Cl
2-5 was calculated dividing the number of pixels after 5 rounds thinning and removing hairline by the number
of pixel of marbling immediately after the binarization. The existence of “occluded marbling” was confirmed
for the images with high CI2-5 among the images of 1,821 Japanese Black (1,240 steers and 581 heifers) and
438 crossbred (Japanese Black &7 X Holstein &, 277 steers and 161 heifers). The coarsenesses of marbling
particles of crossbred and heifers were higher than those of Japanese Black and steers, respectively
(P<<0.01).
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