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Table 1 Carcass and image analysis traits of Holstein steers (n = 51)

Traits Mean SO Min Max
Carcass traits
. Staugher age (month) 20.90 0.41 -20.18 21.70
Carcass weight (kg) 469.73 36.55 377.00 544,00
Rib eye area (cm?) 46.06 5.48 37.00 60.00
Rib thickness (cm) 5.95 0.72 4.30 7.70
Subcutaneous fat thickness {cm) 2.05 0.69 .1.00 4.60
Yield score ' 69.64 0.9%4 66.90 71.50
BMS No. (1 to 12)® 2,16 0.37 2.00 3.00
Meat firmness (1 to 5) 2.06 0.24 2.00 3.00
Meat firmness and texture grade (1 to 5) 2.06 0.24 2.00 3.00
DSMP® 1.98 0.31° 1.383 2.67
Image analysis traits
GAPPER (%)° 5.62 2.27 2.53 10.49
Rib eye area (cm? 47.01 6.53 27.13 62.72
FATPER (%)¢ 20.43 4,39 12.56 32.77

*BMSNo. ; beef marbring standard number.
BDSMF ; detailed evaluation score of meat firmness.
*GAPPER ; ratio of gap of the muscle bundles in the object region (SOUSXZODO pixels)

on M. trapszius.

9FATPER ; ratio of marbling area o rib eye area.

Table 2 Frequency of grading score and detailed
evaluation score of meat firmness for Holstein steers
(n = 51)

Score of Grading score? DSMF?
meat

firmness Heads (%) Heads (%)
3 T 8 (5.88%) 1 ( 1.96%)
3— — 1 (1.96%)
2+ — 14 (27.45%)
2 48 (94.129) 21 (41.18%)
2— — 11 (21.57%)
1+ — 4 ( 7.84%)

?@Grading score ; Meat firmness score was graded
by a meat grader.
°DSMF ;-detailed evaluation score of meat firmnes;.
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Table 3 Correlation coefficients among image analysis traits of rib eye and detailed evaluation scores of meai firmness

DSMF? ‘Rib eye FaTPER O_COARSE N_COARSE COARSE 1-5 COARSE i-10 M_COARSE NSF of

Traits area ofibeye ofribeye  ofribeys of rib eye of ribeye rib eye

Rib eye area 0.09
FATPER? 0.73** —0.03
'O_COAHSE of b eye®  0.46** —0.01  0.55** )
N_COARSE ofribeye®  0.48**  0.33* 0.68** —0.01
COANSE 1-5of ribeye®  0.32* —0.05  0.41** 0.93** —0.19

COARSE 1-10 of rib eys” 0.35* —0.06  0.42%* 0.96** —0.19 - 0.89*

M_COARSE ofribeye® 0.23 —0.05  0.38** 0.79** —0.17 0.91** 0.86**

NSF of rib eyeP 0.50**  0.57** 0.63** 0.08 0.84** —0.09 —0.08 —0.12

FIM of rib eye’ 0.57** 0.07  0.79** 0.08 ¢.79** —0.07 —0.06 —0.09 0.84**

*L P <005 *r P <001

2DSMF ; detailed evaluation scores of meat firmness.

®FATPER ; ratio of marbling area to rib eye area.

°O_COARSE of ribeye ; overall coarseness of marbling in rib eye.
®N_COARSE of ribeye ; number of coarser marbling particles in rib eye.
*COARSE 1-5 of ribeye ; coarseness of the 1-5th larger marbling particles in rib aye.
'"COARSE 1-10 of ribeye ; coarseness of the 1-10th larger marbling parficles in rib eye.
?M_COARSE of ribeye ; coarseness of the largest marbling particle in rib eye.

"NSF of ribeye ; number of small flecks of marbling.

. 'FIM of ribeye ; fineness index of marbling particles in rib eye.

f

Table 4 Correlation coefficients among image analysis traits of gap of the muscle bundles in M. irapezius and
the detailed evaluation score of meat firmness

. « gappen O_COARSE N_COARSE COARSE 1-5 COARSE 1-10 M_COARSE
Traiis DSMF®  GAPPER " rcap  of GAP of GAP of GAP ofgap NSG

GAPPER® —0.75**
O_COARSE of GAP®  —0.45** (), 74**
N_COARSE of GAP  —0.22 0.45** 0.33*

COARSE 1-5 of GAP®  —0.34*  0.64** 0.93** 0.22

COARSE 1-10 of GAP' —0.34*  0.64** 0.96** 0.23 0.99**

M_COARSE of GAP®  —0.30* 0.62** 0.80** 0.19 0.90%* 0.86**

NSGh —0.64* 0.74** 0.57** 0.27 0.39** 0.4t 0.37**

FIG! ' —0.64** 0.74*~ 0.57** 0.27 ., 0.39* 0.41* 0.37**  1.00**

*1P <005 P <001,

2 DSMF ; detailed evaluation score of meat firmness. . :

B GAPPER ; ratio of gap of the muscle bundles in the object region (3008:X2000 pixels) on M. trapezius.

¢Q_COARSE of GAP ; overall coarseness of gap of the muscle bundles in the object region (3008:X2000 pixels) on
M. trapezius. , '
“N_COARSE of GAP ; number of coarser gap of the muscle bundles in the object region (30082000 pixels) on M.
frapezius.

*COARSE 1-5 of GAP ; coarseness of the 1-5th larger gap of the muscle bundle in the object region (30082000
pixels) on M. trapezius. ) '

'COARSE 1-10 of GAP ; coarseness of the 1-10th larger gap of the muscle bundle in the object region (3008X 2000
pixels) on M. trapezius.

YM_COARSE oi GAP ; coarsenass of the largest gap of the muscle bundle in M. trapezius.

"NSG ; number of small gaps of muscle bundles in M. trapezius.

'FIG ; fineness index of gap of muscle bundles in M. frapezius.
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The firmness of meat is deeply related to the quality and palatabitity of the meat, and has-a large eco-
nomic impact. However, it is difficult to perform a stable suUbjective evaluation of meat firmness because there
is no objective standard mode! for judging. The purpose. of this study was to investigate the objective
evaluation methqd for meat firmness by using computer image analysis. Generally, the evaluation of the meat
firmness is visually graded into 5 scores (1 ¢ poor-5 : fairly goed). In this study, the meat firmness was mi-
nutely evaluated into 15 scores by the expert grader of the meat quality evaluation for 51 Holstein steers. The
digital images of the carcass cross section were taken between the 6th and 7th ribs by the mirror-type -
photographing equipment, and the macro images of M. trapezius at the 6th and 7th ribs were taken with the
digital camera attached with an ultra macroscopic lens. Using the digital images of carcass cross section,
the ratio of marbling area to rib eye area (FATPER) as well as traits for marbling particles were obtained by
image analysis. Also, in this study, the boundary division between muscle bundles on the zoom image of M.
trapezius, was determined as a muscle bundle gap. The ratio of gap of the muscle bundles occupied in the
object region of 3008 X 2000 pixels (GAPPER} and traits for the gap of the muscle bundles were also cal-
culated for the macro images of M. trapezius. The correlation coefficient between detailed evaluation score
of the meat firmness and FATPER was highly significant (r = 0.73, P < 0.01). On the other hand, the
correlation coefficient between GAPPER and the detailed evaluation score for the meat firmness was —0.75
(P < 0:01). Multiple regression analysis was conducted in order to evaluaie the firmness of the meat by
objective image analysis variables. Selected variables of the multiple regression equation were GAPPER with
the negative regression and FATPER with the positive regression (RE = 0.71, P < 0.01). Results of this siudy
showed that the meat firmness was highly related to the condition of the muscle bundies and the possibility
of the objective evaluation by means of image analysis for the meat firmness.
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