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a) Wide range image around the rib eye

Fig. 1.
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b) Close-up image of rib eye

Picture of carcass cross section presented to 16 judges for BMS number evaluation.
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Table 1. Summary of basic statistics for judg-
ment values of BMS number by 16 judges for 100
rib eye images of Japanese Black

ELABEQRAMTES SV, RLOEREEEN R/
&1 B &) BEEFEIR L 1=, #REHAEITICIL SAS (1985)
2 ARVl

HREIUBE

16 Z2DHEZEN 100  EOFZABHBEICDOWT, TN
TNIRILICHETE H 2R > 7= BMS + Vo /\— D418,
BERE, &/ RXEHLLIUVHESEDRBRERE, ¥
EERICEK IR, FHEIREEN S FHIES P
(3.66) @M STHIEE E (7.68) EDES, 4.02 £3FR
(CREhof. o, BERENER, SHEBNEDREE
DIRTHRMAEERBL TWEHDBERICHR S, BERE
NELEBENHEEG (1.18) £ h-/HIEED
(2.40) EDEDL, 1.22 &, FHERBEAEN 7. HE
EPIL, 16BOHEZEDNDPTEH > & ORBEH QH)
HEEM ST, REREHN, 30 EDHEE B (4.40) &,

Judge ezggrriser?ge Average S.D. Minimum Maximum 20 EQHFEEC (6.77) DRICH, 237 EREHERH
A 30 5929  1.68 3 9 BELEZENS, BMS U N—HIBEDIETSDED
5 50 140 129 2 9 REBEL, BRERT TERPTEL VI EHHR
C 20 677 2.02 3 11 =t
D 20 6.35 240 5 " 16 BDHTEEZENS D BMS F+/N—(2DWT, EDH#E
E 15 768 1.54 5 12 STEEAREETNENCOVWTRKRITT 57201, FH
c s 445 205 2 y BMS, BSfE, PRfE, LTF38%EKRTY, LF248
H 12 5.60 1.81 2 10 FNOEHEDEREFEBE KO/, FDE, BMS F+
[ 10 593 217 3 11 N=[2H>EHF 5T BB LA /RS =X
J 8 582 1.33 4 10 L7z R2). ZDHER, BMS F U/ \—DHEEICED S
K 8 5.76  1.91 2 11 TRTOEHMEICE, FERBICHVVEREREN RO SN
L 8 6.28 1.29 4 11 (0.938~1.000). P TH, FIBEZEIRL 5 EHEDIE
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N 5 579 1.56 3 11 ZAICENT, 168HSDBMS /3 —[4, 28N
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BMS (£ 6.44 ThHY, HRIEME (5) EDREIC1.44 DEEN
Table 2. Correlation coefficients among judgment values of BMS number by 16 judges and their averages
MRS Mode  Medan Afgrege Averade Averade parpen Mean of acr

Average BMS 1.000 5.63
Mode 0.938 1.000 5.59
Median 0.986 0.950 1.000 5.64
Average Type | 0.996 0.958 0.991 1.000 5.62
Average Type |l 0.992 0.958 0.995 0.998 1.000 5.63
Average Type |l 0.986 0.950 1.000 0.991 0.995 1.000 5.64
FATPER 0.924 0.875 0.920 0.918 0.922 0.920 1.000 26.91

Average Type |, Il and Il : average of judgment values excluding the higher and lower 3, 2 and 1 BMS values

from 16 judges. ‘

FATPER : ratio of marbling area to rib eye area.
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Fig. 2.

Standardized standard deviation
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Scatter plots of standardized BMS numbers with standardized standard deviation (a) and with

standardized standard deviation after adjusting slope to 0 (b).
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Table 3.

Least square means for image analysis traits on rib eye by 3 variation levels of BMS judgment

Variation level of  Rib eye area Fatarearatio

O_COARSE M_COARSE S_COARSE

MM_RATIO  COMP

BMS judgement® (cm?) (%)

Large (n=10) 44 .12 27.17 21.11 7.382 0.32 0.702 1.016
Middle (n=82) 43.67 26.96 18.19 4.92° 0.30 0.67% 1.015
Small (n=38) 44 .15 26.07 19.57 5.90% 0.27 0.64° 1.015

a, b : Significant between different superscripts (P<<0.05).
¢ : Samples with standardized standard deviation in Fig 2-b being 0.1~, —0.1~0.1 and ~—0.1 were divided
into Large, Middle and Small level for the variation of BMS judgement, respectively.

O_COARSE : overall coarseness of marbling.

M_COARSE : coarseness of the largest marbling particle in rib eye.

S_COARSE : coarseness of single marbling particle.
MM_RATIO : ratio of minor and major axis of rib eye.
COMP : complexity of rib eye shape.

E 12
w2
g ®» 10
5 =
= 8 8
Ss 6l
3E 4
52 27 R2=0.875
E 0 ] 1 1 1 J
0 2 4 6 8 10 12
Average BMS number
Fig. 3. Relationship between average BMS number by 16 judges and predicted BMS number by image
analysis.

Predicted BMS numberi=—2.697+0.0482 X Rib eye area+0.2637 X Fat area ratio—0.0682X0O_COARSE+

0.1026 X M_COARSE.

a : abbreviations of the variable names were defined in Table 3.
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The purposes of this research were to investigate the macroscopic feature of carcass cross section with
a large individual variation for the BMS number independently assigned by 16 judges, and to predict BMS
number using image analysis traits. Clear images of carcass cross section between the 6-7th rib of 100
Japanese Black steers were used to assign the BMS number. The average, mode and median of BMS
numbers from 16 judges, and the average of judgment values excluding the higher and lower 3, 2 BMS values
from 16 judges, and the highest and lowest BMS values were obtained and their correlation coefficients were
calculated. Ratio of marbling area to rib eye area (FATPER), overall coarseness of marbling (O_COARSE),
coarseness of the largest marbling particle in rib eye (M_COARSE), coarseness of single marbling particle
(S_COARSE), ratio of minor and major axis of rib eye (MM_RATIO), and complexity of rib eye shape (COMP)
were calculated by image analysis. The factor of the variation of the BMS judgment was investigated. As
extremely high correlation coefficients (0.938~1.000) were found among all variables related to the judgment
value of the BMS number, average BMS was adopted as a variable representing the judgment values. M_
COARSE and MM_RATIO significantly influenced the dispersion of the BMS in the analysis of factor on the
variation in BMS judgment value (P<<0.05). Multiple regression equation with the average BMS assigned by
16 judges as the dependent variable were obtained by the AIC method starting with 10 independent covariates
for image analysis traits. Rib eye area, FATPER, O_COARSE and M_COARSE were selected in the multiple
regression equation, and the coefficient of determination of the prediction equation was very high (0.895).
Dispersion in the judgment of the BMS number might be due to the rough marbling particle in the rib eye or
flattened rib eye of the carcass.
Nihon Chikusan Gakkaiho, 75 (4) : 673-579, 2004
Key words : Image analysis, BMS number, Japanese Black, Multiple judges
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