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Abstract

Three-dimension images (rear and dorsal view) of 40 Japanese Black steers were

photographed by video camera, and inputted into a computer memory. The live body contour
lines were detected by a computer program described with C language. In this study, the
contour lines of dorsal and rear images are numerically expressed using quadratic regression
coefficients (defined as dorsal and rear parabola scores, respectively). Similarly, the ratios
between width and height of the body in dorsal and rear images are used (defined as dorsal and
rear width scores, respectively).- Twelve live body measurements, thirty-three carcass traits and
subcutaneous fat thickness via the ultrasound method were also measured. The images analysis
traits and live body measurements were used for the prediction of carcass traits by multiple
regression. The R%-values of the equations for estimating beef marbling and beef color standard
numbers were improved by putting the image analysis traits into multiple regression equations.
Upper and rear parabola scores had a positive influence on beef marbling”standard numbers.
Similarly, the upper parabola score, dorsal width score and rear parabola score significantly

affected beef color standard numbers.
case.
adopting these image analysis traits.

Their partial regression coefficients were negative in each
Slight improvements for predicting meat luster and meat texture were detected by
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It has been reported that body measurement
traits in live cattle are useful for predicting
quantitative and qualitative carcass traits?®.
Yamazakl et  al ' developed a three -
dimensional measurement method for shape
eveluation of live cattle using body contour
lines. They found this method was useful for
estimating ‘the degree of fattening as the rib
and hip width would become wider with in-
creased fattening.

KucHipa et al®® reported on an evaluation
method for beef meat quality via computer
image analysis, and developed a method for
measuring the shape of the intramuscular fat
depot in the rib-eye muscle. From their
results, it was easy for the computer to treat
curvilinear outlines with the image analysis
method.

The purpose of this study was to develop a
method for measuring the rump shape of live
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cattle by computer image analysis, and to in-
vestigate the possibility of using the image
analysis method for predicting quantitative
and qualitative carcass traits.

Materials and Methods

Live body and carcass traits were measured
for 40 Japanese Black steers sired by 4 bulls
produced in a progeny testing project at
Miyagi prefecture. Live body measurements
and video photographing were carried out 2
days before slaughter. Measurements on live
bodies were done for body height, height at hip
cross, body length, chest girth, chest depth,
chest width, rump length, hip width, thurl
width, pin bone length, shank circumference
and body weight.

Three-dimensional images (rear and dorsal
view) were taken by color video camera (Sony
Co. Ltd. : CCD-V 700) as shown in Fig. 1. The
video camera for the dorsal view was set at a
height sufficient to take a complete image, and
was remote controlled. The rear images were
taken from 0.75m above ground level.

The video images from both directions were
input into a computer memory via an A/D
(analog/digital) converter (Digital arts Co. Ltd.
: Hyper vision+). The contour lines of the
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Fig. 2.

live body were almost automatically detected
by computer, and the noised lines were
manually corrected. A PC-9801 personal com-
puter (NEC Co. Ltd.) was used for image analy-
sis, and the programs were written in C
language®.

In this study, the contour lines for dorsal and
rear images are expressed numerically using
equations as shown in Fig. 2. Only dorsal
wview images of the hind parts of the body were

<Video camera for
dorsal view direction

<Video camera for
rear view direction

Height = 0.75 m

Fig. 1. Video photographing system from two
directions for cattle.

(b) Rear parabola and width score
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Calculation method of parabola and width scores from dorsal and rear view on cattle.
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used in image analysis, because the images of
other body parts fluctuated according to the
standing posture or the reticuloruminal move-
ment of cattle. The upper parabola score a;
was the coefficient of quadratic equation Y=
a;1X? and a factor affecting rump and thurl
shapes. The outlines of the dorsal view of live
cattle are drawn on coordinates, where the
median line of the body is defined as the Y axis,
the rectangular line to Y at the posterior edge
of the body is the X axis, and the contact point
is the origin. Quadratic regession analysis
was applied to the curvilinear outline of the
body with in the range of 1/5 body length on
the image from the origin. Similarly, rear pa-
rabola score a; was calculated by setting coor-
dinates on an image taken of the rear view of
cattle as shown in Fig. 2, and analysis was done
in the same way as for the dorsal view. Dorsal
and rear width score are defined as shown in
Fig. 2, respectively. The parabola and width
scores were standardized by assuming that 1/6
body length .or 1/5 body height equalled 1.0,
respectively.

Since ultrasound measurements are useful
for evaluating the degree of fattening, we ex-
pected improved accuracy of prediction for
carcass traits by including ultrasound meas-
urement values in multiple regression equa-
tions. These measurement values were thus
included in ‘such equations with live body
measurements and image analysis traits.
Ultrasound measurement was performed at six
points based upon the method reported by
NAGAMINE et al® : four points beside the
median line of the body and two abdominal
side points in relation to those points which

were selected on the left side of the body.
Three ultrasound measurement values were
used in this study ; the summed thickness of
all six points, the summed thickness of the four
points beside the median line, and the summed
thickness of the two abdominal points.

Carcass weight, dressing percentage, rib-eye
area, rib thickness, subcutaneous fat thickess,
yield score, intermuscular fat thickness and
carcass length were measured as carcass quan-
tity traits, and beef marbling standard number
(BMS), beef color standard number (BCS), meat
luster, firmness, texture, beef fat standard
number and fat luster quality were evaluated
as carcass quality traits in progeny testing.

The multiple regression analyses for predic-
tion of carcass traits were performed with all
live body measurements, image analysis traits
and ultrasound measurements. Statistical
analysis was done by using SAS®,

Results and Discussion

The mean, standard deviation and skewness
of image analysis traits are shown in Table 1.
For parabola scores, there was no difference
between upper or rear values, but the mean
differed significantly ,between width scores (p
<0.05). The detailed characteristics of these
scores should be investigated after collecting
more data.

The relationships between parabola and
width scores and body or carcass measure-
ments are shown in Table 2. Upper parabola
score correlates negatively (p<0.05) with body
length, cheat girth, chest depth, chest width,
thurl width, body weight and carcass traits
related to the degree of growth and fattening.

Table 1. Means, standard errors and skewnesses of parabola and width scores by view directions (n=40)
Parabora scores Width écores
View from
Mean=tS. E, Skewness Mean=S. E. Skewness
Dorsal 0.022=0. 0003 0. 288 1.35%+0. 009* 0. 706
Rear 0.024=£0.0014* 0.640 2.1040.023° ~0.037

ab . Means with different superscripts within same column differ significantly at p<0.05.
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Table 2. Correlation coefficience of parabora and width scores with body and carcass measurements for
Japanese Black steers (n=40)
Body Hip Body Chest Chest Chest Rump Hip Thurl = Pin® Shank
height cross length girth depth width length width width length circum
Upper p.s! —0.265 —0.188 —0.465* —0.432* —0.399* —0.5811* —0.034 —0.121 —O. 439* —0.060 0.19L
Rear p.s. 0.172 0.107 —0.086 0.178 0.239 0.136 0.010 —0.38* —0.179 —0.224 —O0.420*
Upper ws? —0.197 —0.286 —0.109 0.197 0.089 0.126 —0.173 0.010 —0.033 —O. 181 —0.383*
Rear w.s. —0.186 —0.260 —0.006 0.438* 0.259 0.341* 0.044 0.066 —0.196 —0.268 —0.284
Body Fat* Fat® Fat® Carcass Dress. Rib-eye Rib Subcat. Yield Inter.
weight thick1 thick2 thick3 weight percent area thick. fat score  fat’
Upper p.s. —0.547* —0.382* —0.379* —0.294 —0.534* —0.312* —0.042 —0.393* 0.088 —0.013 —0. 276
Rear p.s. —0.013 0.370* 0.411* 0.215 0.003 0.218 —0.185 0.127 —0.280 0.111 —0.09%4
Upper w.s. 0.052 0.217 0.226 0.150 0.084 0.177 —0.151 —0.020 —0.268 0.021 0.170
Rear w.s. 0.184 0.433* 0.456* 0.291 0.225 0.351* 0.022 0.39%* 0.079 0.103 0.252
Carcass BMS® BCS? Meat Firm- BFSY Upper Rear Upper Rear
length luster ness p.s. ps. W.S. w.S.
Upper ps. —0.492* 0.017 —0.091 —0.002 0.229 0.191 - —0. 444* —0. 355* —0. 393*
Rear p.s. 0.141 0.374* —0.233 0.180 0.128 —0.268 —0.444* — 0.286  0.391*
Upper w.s. —0.134 0.102 —0.2658 0.101 —0.344* —0.209 —0.385* 0.286 - 0. 461*
Rear w.s. —0.068 0.174 —0.266 —0.119 —0.296 0.038 —0.393* 0.391* O0.461* -

*:p<0.05, D p.s. : parabola score, ? w.s. : width score, ® pin length : pin bone length, 9 Fat thick 1 : summed
thickness of all six points measured by ultrasound method, % Fat thick 2 : summed thickness of four points
beside median line, ® Fat thick 3 : summed thickness of two abdominal points, ” Inter. fat : Intermuscular
fat thickness, ® BMS : beef marbling standard, ® BCS : beef color standard, '© BFS : beef fat standard.
Texture and fat luster quality were same value in each steer.

These results indicate that cattle with small
body size and an angular rump shape tend to
demonstrate a high upper parabola score.
Rear parabola scores correlated positively with
fat thickness (the summed thickness of all 6
points, the summed thickness of the 4 points
beside the median line) and BMS, and cor-
related negatively with hip width and shank
circumference (p<0.05).
efficients of rear width score with chest girth,
chest width and fat thickness (the summed
thickness of all 6 points, and the summed thick-
ness of the 4 dorsal points) were significant and
positive (p<0.05). Therefore, parabola and
width scores were interpreted as the index of
fatness.

Concerning the relationship between these
parabola and width scores, upper parabola
scores correlated negatively with the other
three scores (p<0.05). Positive correlation co-

The correlation co-
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efficients were recognized between rear width
scores and rear or upper parabola scores.
Multiple regression analyses for 13 carcass
traits were done using 15 body measurements,
2 parabola scores and 2 width scores as inde-
pendent variables (shown in Table 3). When
parabola and width scores were included in
multiple regression equations for BMS and
BCS estimation, greatly improved R2-values
were obtained compared with equations calcu-
lated with only live body measurements.
These two carcass quality traits are especially
important factors in Japanese beef grading
standards. The partial R>-values of upper pa-
rabola score (0.16), rear parabola score (0.14),
body weight (0.07) and rump length (0.04) were
significant, and they all effectively improved
R%-values in the equation for BMS estimation.
Rear and upper parabola scores also positively
affected BMS estimation. Similarly, partial R?
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Table 3.

R2?-value and adjusted R*-value of multiple regression analysis for carcass traits by 15 body

measurement traits and parabora and width scores (n=40)

Independent variables

Independent variables

Dependent Bod a b Dependent
: y P.S2 and W.S. : Body P.S. and W.S.
varlgbles measurements +body variables measurements +body
measurements measurements
Carcass 0. 924 0. 926** Body 0. 807** 0. 807**
weight 0.917°(3)® 0.919 (3) length 0.778 (8) 0.778 (8)
Dressing 0. 307** 0. 370** BMS 0.114* 0. 407**
percentage 0.249 (3) 0.298 (4) 0.090 (1) 0.339 (4)
Rib-eye 0. 472** 0. 477* BCS 0.278* 0. 499**
area 0.428 (3) 0.433 (3) 0.196 (4) 0.389 (1)
Rib 0.-590** 0. B90** Meat 0.287* 0. 314
thickness 0.5886 (3) 0.556 (3) luster 0.195 (3 0.256 (3)
Subcutaneous 0. 468** 0.514** Meat 0. 490 0. BB5**
fat thickness 0.390 (8) 0.425 (6) texture 0.415 (8) 0.474 (6)
Yield 0.080 0. 103 BFS 0. 297* 0. 296*
score 0.086 (1) 0.085 (2) 0.216 (4) 0.216 (4)
Intermusclar 0. 278** Q. 278**
fat thickness 0.259 (1 0.259 (L

2 Parabora score, °: width score, °: R%-value, ¢: adjusted R%-value, ®: Each value in parentheses is the
number of selected independent value in multiple regression analysis.

*:p<0.05, *p<0.01.

-values for upper width score, upper parabola
score, rear parabola score, body length, thurl
width and hip width were significant, and
greatly affected R%-values in the equation for
BCS estimation. Each regression coefficient
for the three image analysis traits for BCS
estimation was negative. Meanwhile, slight
improvements in R?-values were found for
meat luster and meat texture by including
image analysis traits in the equations.

In Japan, the Tajima Wagyu is known as a
high quality beef producer, but is rather poor
in quantitative performance and shows an an-
gular rump shape. Given this fact, fattening
farmers believe that cattle with an angular
rump shape might have good meat quality.
Our results show that the relationship between
BMS and parabola score is positive and is con-
sistent with general opinion on the relation
between beef quality and rump shape. How-
ever, the physiological relationships between
them have not been investigated yet. There-
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fore, after pooling data, further analyses on
various aspects should be undertaken to clari-
fy the relationship between them.

BreTHOURY reported that the B mode ultra-
sound measurement method was effective for
estimating marbling score : the correlation co-
efficient between ultrasound measurement and
marbling score was 048. FAULKNER et al?
reported on significant regression coefficients
between carcass traits and subcutaneous fat
thickness measured by the ultrasound method
: R%-values in equations for carcass fat, fat-free
lean and bone percentage estimation, via live
body measurements, were 0.85, 0.59 and 0.79,
respectively.

The accuracy of prediction for BMS and BCS
on live bodies might be greatly improved by
using the ultrasound and image analysis
method simultaneously.
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